i j * jdl oyJ! Ukll I LJJl j ^JWJ x* ilLUl fcjJL. 



oj>fj &J3tj 



2U1ZUI y«J 



l«Jt£ jUJ .j L_ift£ .j jUakH t/fc pWLtl .j 




,N! oUiJ! ^ iL-L. 






uulai ^ 

JlJju AjlaIa .ajJxJI 4_jl£ qa CLi jH j A_uj 

s jk^i / ^^asii 

salamalhelali@yahoo.com 

07807137614 




4_iUuJl 



L^_j| 3l c j ^Ukl (j ^JjJl o' 

DNA ll j\ 03 jl 



*_&l ^j-a Ajj-^>cJl aJLa^JI 

-L-S* IpiO c5 -Jo J^<o_ 



S 3 O 0 olOlSkl ii jJl 5 jl ^Lool j (Cloning) o j (Recombinant DNA) 
^Jlp SJLiJl J oL" Lo-5 c (Multicellular organism cloning) 

ipljj J j (Microbiology) ^L^^oJl oL^Vl ^-Lp Jl>^a ^ oU :? kj 
Jl^oJl iSLikl Lok” (Cell culture). L*>L>Jl 

O I 3 Lk-^5 ^-3l»JL*_Jl ^ljL> j J_^>kl j 4_pLl>v^ ^^-a c £^>l ^Jl ^loaJl 

^3 jj ^3 4 j >J I 4j LajJ 1 J_^j>o Lo S c 0 j-^S ^k oL>-*)k jj jkj J c Aj j-j>cJl 

. 0 3 — l^l«-o— 1 1 I ^^S”L— *** 0 — L 

£-w*g| Ij-^O-^J lo ji U>C-a3 (( <L J^J>cJ I 4 JL 0 II ^j-vwwAll® £J>“ j-oJl 1-L& ^jJL 

t (Bioprocessing) ajJI>J^/I oLJu^Jl £>eJl kg-jJjJl ^jl*Jl 

£_£3L-oJl j^>Jl I J-A Lok .4 jj»sP-cJ| Aj LidJ *tLalS" kJ jO 0 j-k viiJJb Lk*-a 

^J-p 0 jOlS" <cko-p I ^k*_> j c <L ^_>cJl oLjJLJI ^JlS” L^-Jlp 0-0 ^Jl iJjVl 
j (Substrate) j»l>Jl iJ jSfl 03 LJI ^ ISMkJl t^3L-oJl oJla J :? k7 ioLS" 
4_JL3lOa ^Jl £>- j-oJl lk& ^g-j jk-O Lo-S" .^LfJl ^ c O-oJl ^Jl (J jJl 
tcJk-p'yij £_~aljJl k-s/gQ^ I cjkx>5 ^3 LgkLujIj Ajj-sg*cJl 4jlkJl yS' olpkk^lj 
|j-A ool j£ j^JLx - 1 . ^^o->3LS*V I cjL>c_oJl ^j-a £_*-»>jl jlkl ^3 ^ ^_l_kl ^s<2_> Lo 

^og-Ul j c Olo-oJl ^3 ^j-wLoLkl ^^^ojollj ^*>LkU Sjj j-*^ 3 J-oLlJl < > LoSCJ I 

. 4j y*J>z}\ Lj Loll -Lo -1*J ^1 ^_}L/2 ^>J|j OL>eJ L/ 1 -L^ ko ^3 ^kolklj o-»3l5Vl J 



(Jlj L« 4 _lSvJ L -LpLaO 



, (Colin Ratledge) ^-kJlj jJ jk Jo^Jl 
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(Hull) ^3 jJlC- jv-™3 ^3 L-oJlP Us>LJL) ^ojUkJ 

^3 oLaJJ>- (jjl JiJ oj>=-JI ^y> GIp 4jl _ys 

Food 4^ g S <L»J L^J-o ^ 0 -L>CCqJ| 4^1Lo~qJ| ^3 4j 4jlJhJl ^ 

Biotechnology and Biological Sciences 



^jLS" t-— ^ IjLdjL- 



t 



0 



jUuI 



j jj 



_>L^Jl Research Grants Board 
J^>_*_; L>_S' t Research Council. 



.‘uSlj oJj>CC<iJl oL^ jJlj CjUaj^J ^3 <S ‘CP-lw? 



_a (Bjorn Kristiansen) 



wl^yvjl ^ jJL Ui" . J*-ll Aj^J>lJl 



ajuiIi 



« 1 J-wmJ 1 J_X 



Jj>-! J-&J C A_> ^_>cJl AjIJillJ A_o j j j ^ I aJ| jJ-oJl ^3 Js2-J»lj ^-yg-P j J Jj ^j. 

.CiJ» j i^-y£2l« J Aj j_g>cJ| Aj Lilli A-w«w\l& ^ ^Lp ^_^3 ^ 
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4uljJl ^ *» tlail 4_4JbflL4 



cS\ jJs? -LflJ . t^pldJl I J-gJ A^-JgJl C-> L«lp jdp 4 _*jj| ^j| -L-a 

4-JJLL9 . Lj j— >eJl Lj LdJl (jL>c-« ^3 o ^dS” ol j^xJ j oljjJaJ CjI jJw—Jl dUj jMd 

oLloUiSI (. iLygjiLo ^3 j cdLpI ^Jl c <JldJl ^^^Lp DNA _)l 

. Ld-L>cJl Aj j— >cJl LjLdJl <1)15 jl *»aI ^j-a o-L>-lj o^M j~JL*J c^-v^Ldl l) 1 
AjLp jJLj ^^aLLo j^^xJ ^Jl cjL>c-oJ] I -La ^3 JjbJldl j jJajJl ^5 -LiJj 

Ls o-b-LP oUt^a ^Jl jjJl j o-L)-L>cJl oLjJLJl dJJu C-ol d*^j>- c 4-j>c ■>/?,]' 

c o^J jJl o-La ^^Lp j»JJd!l j-oJL-J L« I5j JUl ^^Lp ^JdsjJ C*ol5 

^_3 LjI_P olj jJa J j ol j-^xJj (J 4_L5Ld I LjLp j d-P 4 _*-jj V 1 ^_9 ^_3 jJL-3 
(Human ^^JdJl ^jj~_>Jl o-U-Lp £_jjUL» J,yai ; dUSj td)-A^I 

^1 ^^1 ^Mp ^^LJ 5JJI JldJl J-™- ^Jip Genome Project) 

-Ja_> ^J-P -LoJL^j d->l j dUu l)I -b5LJl -L> ^ L-a . 3 ^jjJl a ^J-P 

^3 ip I j_Jl ^1_P -Lo-L*J L^jIj (. 4— .-*< l—*> V I A3 j_*-<>Jl £_£3L -aj ^-s-aLLoJ ^J-o-P 

*-_3-LgJl old dUJJ .AjLLS" L^-LsI^ ^ jJaJl ^Jl-oL -LuLa ^cJC-d ‘C-^addl <3 

-fl-s— — *■ J ijj— >rJl Li lib! I ^>S ^ J . A j_>cJl 



L5 3 



oLa j_d 



4_oL> J 3 1 j-a ^Uo 1 J 



llJI 



^djjL-o i j i aj 



. (^ jJaJl jjLw-l j <u5Lo-« 4jil5" dU^j co'yi^c-oJl c_iL^>c>j 
^15i] Ij DNA _Jl J^Lo Lj > cJl SjliJl ^U>jlaI 'y 

^jJ2^S>tS d^lp J jjg-— V-) J-4 ^Loj ^3 ijj-OcJl ijLdJl O-U-^CL-ol -\_il 3 C ^ ^_L>eJl 

J i ^-3>cJl5" ^^Lp -d-L«J L ^]] AjjJ>^\j J o^-Jlj i dL -Jl 

Aj jb S J^p AA-laj d>- jJ j3wSL" Lsd)l O-oJLaI Ud . ^Jl . . . i_) >cJl J 

.4d— Jl ^Jdld-oJlj oLUJl <C>tJl-«-<>J <U>-J— *> (J j-L>- ^3 j C iJUl <UjJ*)L] -L-s^ ^ 

^^Udl 0 ^_iJl ^_3 ^LU ^—^1 (^d>-l ^_A d J— J>Jl iJ LdJl cjj t A_v^*!)L>cJlj 

3 j_i*Jl ^3 ^Jldl jlia_3l c-iL^j>c-a jj jJaJj j-o-j ^3 ^^^Jl <• ^d-^Jlj 



. (Nanotechnology) L>_^Ul iUJl ^ aJUJI (*:ic-) 
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<l I' L> Lp jJl j 1 ^ jjl— oJl jjj JaJ ^3 ^^L-ll^ t ooUiJl 4 _LJ»aJI 

<L4*JL>cJl ^3 . ( J-SCS' 4JL- Jl ^3 4 j>-LoJ ^ yL**Aj e-l-L*Jl 4 —P jj ^3 1>A ^L>L> (J*)L>- 

.4jj^>tJl AjLaiIL) ^JIL— o j LjL^ ^3 < o L>- ^1 Jj>- jj *)! 

LjIJLl)! j! -Lj-L*JJ 4JL-93j L*— »>lj 4-J yo~*Z> 0 j-ii-i ^LSJl I -i_A ^3 
c 1 ^>- 1 0 -La j a*JlS ^Lp ^iLa^l jx^u-t U5 c L> >Jl 

.^yl^Jl ^JU-oJl ^L>-j 4-JjVl 3l j-oJl y* li^>Llajl LL-^L-*^LL>J 1 LL>1 j_laj>cJl ^--*_LLLa 
JL>^> ^3 oL?U>^ I j oLaLjjLA^l 3-L*J I j-^a-> <J1 Ij-A ojL-i^/1 j-L>o 

y°j c t o I ^->Jl ^J-SLj (. v >LS\Jl 1 -La ^3 «. 1 1 ya olS" Ljj— >J l DLaJI 

>c_> ^J-o-*Jl diJJu j»UJl LLjo 3j C^Lu^/l (LL>1— o-Lp ^-5" 1 

^-j-LL .^L^Jl 1 -La ^3 LJ jL>- -LL) c ^P y ** ^-oJl ^J-<»-*Jl Cj^ Ls^ \y£* • ^—o-Lp AS* y~* ' y 6 

L>_^3 ^jULJl ^Ja_*_> cjl ^j-Jml t L>j-^Jl L> ULJl ^3 y3^j ^J-aLLi v fi-s^j 

. \ 1 —La ol jL^Jl j j jL&Jl J y>- oL>-J-*Jj ^l>olj Ll-o-p 

UL-Lv^J *!>Lwaj <L-3 L-L&3 t |t— Jl LL-L>- Lu ^-a C^Jj^l 4_*_JaJl j j-Lv? -L*_> 
J^LLj jj-Jl ^Jl ^jVl 4-*_JaJl cu-^ j_>- ^JJl c±Sj_L j y>- (John Bulock) 
Jg^Ja->«jJlj I Jl> -L3 ii <l)j-^~ <L) LS* 1996 ^Lp ^3 4_Jlij -LLP .ojl 

l)1 L jJ*c3j Ljj j-*-'* ^-iLl JJ t jlxSJl 1J-A ^0 LolJl <L^-JaJJ 

yA 0 y>- (jl-S* .4— jl_Jl <L^-JaJl j_*Lj ^LL olI^>- j^-Lp j-w-vu l)1j t <U 1-L> La 

C J^-O-La ^JLx.5" LJ ^S"l3 aAJ (. Aj y . >cJl DLalU J 

.v ^LSvJl 1 -La 
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AjulaJl A_aJucL a 



^Loj i O^Lfc-a ^3 jUaj'yi Aj yj> cJl Aj L ixJl ^-1_P V -> jj>- 

<L>tJL*_jJ ^Jl *)} j_v?J C 4_^>c yg„ ] i A_jI_P jJl oL>cJOa ^j-a L& j-^Pj A_> ^->cJl otaL-^a 

L& jl j£' S )1\j Ajj-^>cJl aJ L iil I oLaLo^l (1)| .Lgj-a ^2_L>cjJlj oLLLJl 

LajJij JJLp ^Jl3 C £-3 y>S^^-A .iLOjIj J jJflj ^3 A-jJcJl oJ_& 

^IxSsJl 1-LgJ ^Jj^l A_*JaJl ^sj A_OajJ| jj .A»JLvJalJ I o'yu^jl ^3 

AjJliJl A^JaJlj <LobJl A^-JaJl yj <y y]\ LOo c LoLp ^JLp A-*jj| A-obJl A^»JaJlj 
olj A^j C jI ciij^ ^^3 SyAjJ . .JgJis ^1 ^p! <L~w<>->- 

(Molecular biology) aOj^>JI *L^*yi ^Jlp JUx^ 5 iiJcx^a ^ a^-^JI 

^i-P jJ La ^a C Aj yA>cJ I Ajlj&Jl ^3 /^L>cx>Jl ^jjJ-gJ oba^-JgjJl j i AjIjjJI ^«Lpj 

*LoLoJl Lj^LpxJI 4 '-p1jj^ A_j ^_^_J>c_^_]l e-L^-Vl Lp -L<_*_v2 ^ -Lp ^w\_<Lj ^*a di-J^ 

l)} .A^oklij jjLS"l Lg_L*J>-j LuLw*- A-aJ_>cJ JS L *\ y^ Jj>- ^i-P 4-ol j-^>sJlj 

ya ^oJl I, (LL^>c-a £&)[ ^Jl*J| ^3 il ^JL *j oJlj'y Aj ^j>cJl AjLilll 

(J*)\J>- Ajj-^>cJ1 A-JJLl)I ^JLo (ji £-3 jJLoJl -aj .A^o^L^. AJLoj ^v2_sl oLsJ>- ^Jj>-1 

^Lp ^Ls^Jl j c-^>c-Jl JUx^JI ^3 oJjIj ^Jl>«Jl o jJjJI cJj^ c-a-yg-Jl 

C A_->r ] ' CjLaw\_>cJ| ^^JJLo A_j ^_> cJ I AjLa^JI j~q JLwvJ l) 1 ^_3jJL» clUaJ .a-l ^-w*< -A_>- 

.0 j^2J>t^oJl A^j_LoJ I O 1^<>JI>c^<>J I OJlP- j LjJLL? Aj j^JJ A-Jfcli C A_ol A aJI 



^3 A-wwjLwvi^I oljjJajJl |j_A ya oJ_jJ_>tJl A_*_JaJl O-oJL&l 

y ^_Lp A_*_«_laJl o O-v? jJ>- 0-3 ^Jl ^j-vu2_j ^3 j t A_j j-s_>cJl AjLoJl cJL>c_jj 
^ >3 1 La t ACOjw\^» L*_]| ' -X ^, ) A^^j L^a> ^ I 3 LjL 1 ^9 /tww^Lil^oJl 

^3 A_«_JaJ| oj-ft ^3 ^_^a J OwL) wXj>- cj ^_ v2_3 aJL*/?} O-o-J -LaJ . I J_p| jJjJl 

oLia-wLoll cJLj>c_jj ^_9 viU j_S"j c aJUjJI o-L_a ^^L^aj I /ji -o. ^ j ^ — ' y^ 

y, y >- V I (J J.^g,jail a_*j>- I Cvoj Lo-S” . aJ L ajJ 1 o-Lft ^i_P o JOo ^<>J| AjlLl>c^JI 

. 0 — \j i-X-^J 1 *«■ ^ « 1 ' A»^S”I^^-1 L^-O — X^cJ I ^ yA <>_P ^ i^y+£ 3 
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^3 jl ^Jl OjL^Vl ^yO Jo *)! 

^i_P ^0> Id j .Ajj-^>cJ| <j loll OoJlp oL>-&>Lwvwa I yjl jJ j to j^J>cJl j3 

t L^j>s-^>s_v2-j J l$i*j>4 (J AjIxSvJ o j_la_pl ^ jJl J^wOJl 03 jJlj ^ iS* j iJLa 

o-~^ t L*_~J oJlS" j J j>^>-S’ lou-^-a jJ .^J3j ^-fJl*oJl ^ j 

^jj2-*0 jl. s/2_0>-l ^1 lO& ^ws<g ^JL> t— 4-1 ^-3»J 1 oJl_Ig-a^ Of-I ^JLll l^-l^-^ - j ^ * $ ' 

^oLJl ^J-*3 y> £^>ooJl OwOw&L; jSJo jl ^j o» l..yg j i U -Li *)I .iilo& ^J^_v^loJl 

> loSU 1 olj <W?L>- t 4_*JaJl oi-^J ^iSldJl ^1 y^s>Jj o3 j^j>-j ojl \j 

*\ jJj ^oLJl 1)1 03 di-si ")I Lo-aj . (^ y y y-*^ 43 1-^-ljj d_£ 

• b I ^ lv^\J ' tj ^^x.<Ji 3 ..».«..»«-) C ->} ls.^H ' I — LA 

4»Ls^I>cJ| 0>lj jJaill d-l> I ajj& oJbJl>Jl 4-*-JaJl l)L IOAj ^>s jid 

t o I jj><Jl ^ Uool ^-L*_) 03 jJl ^j^Oj loU t Aj j_sj>cJl 4 j lo! 1 (jL>e» y 

LiSsJ .0>-|j wUj>C» ojLp <. j IoSnJ 1 dl *w?L>- t I aJIoJI oO^J oLw2jdll 

. Jy3 3 ^|50o l.^ol?.xj OwoJ -V3 <0*»lws«'yi t ol j^xJl j <W^oJl 1 j-oJl (ji -LO*j 
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19 (• — 

l 

jLiaJI j ^yujjjV | 

5jl2iU ^>L*JI (_jl jJI JJjJj : Jj’iM J^iigall 

23 ^r*— ' -o' •^~*-' 

4^>sJ»w3j 4 j ^L^^S sJl ! jUI -~ ■ ' 

59 J j- j-aj'il' j 

1 ^>jj1 A*S 2 t 4 _Lp I.aT. 1 1 ^v^LkxJI jU-I ^wL*d ! J-,f3 c ] I 

113 uc^ -c/t -i/r iijlr“ 

Ajjl Jj ^ ^ jJl ^jwaa)l 

143 J^j (j^J^ (o^>jl5j jJO 

jjL^j>c«U 4 -o!j^JI ! ^%*oUM ^jwag)l 

215 ci^aJUj^ c j^XujI . -Usb . . . 4«Ja..:M C^U ^Ja,g)lj 
uT"’^- -V'^J 

273 0 ^-wvJ-o ^j>- 4-*o c^LjX^aJ! 4*S j>- \ ^*oLwJ! ^jwag)l 

313 *• Aj^jM O^VpLjI! ^.i* ,<wa7 • ^J^aail 
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343 ^jwag)l 

fj y>xi\ JjLJ oli-U-a : ^-lll! J-yaiJl 

371 j\ J-^jLa (<LjI I oLL>jJl) 

(jli i3j j]j l 

421 ysj'^kj j^j 3jU jj . . . . o 4*5! ^1 \j ^j^LJLl! ; jC«l*J! 

453 ^j^Ux^o jS l)j j*j <ul^«*J! oLoLyais! ! j£s> ^£3144 i! 

II Pj-^JI 

A lUt I I t **il \ \ Wi l i 



cJj ^laJlj 4-wj-lxi^f 1 4 -JIp iLjjJl ! 

479 ^ l£j^J JjIpIj cLl>l j£ t ^>j3 Cy 3 ’^^ • • • 

505 ^*o J ^ Oj^~s?- . . . 4j^jM 4jL^J! 4plc*2 ! 

547 l) j^i_o t ^^Lj>o| .(J 4-j«waVI i 



j>L- —&J t . ! L- ^,*j3 



591 liljl5 IcCjLJ j jS oLx«-wo jS . ! 



.Lp (jl^Jl Jwa-aJl 



Ip cJli)! J^aiJl 

mP ^1 jjl ^jtoya.<Jl 



j *ZS- 



o^jJj 4-w0 jJ*-l o3 J^jdl c^L ^5wJl ! 

627 0 c Si ^il! <uIjM 

663 Co ^)_> j j ^jLo 2 j Jjli i_^L 3 .... 4«JCJ! oUL-iaiJl ! 

711 j-& ’ ‘2-L ol^Lya^ ! 



745 

773 



OOJ^' 

•(* J 



£j^JI oLjps-Jl ^1^*1 



4j^=i-! dJUixjl '. 



t Sjt* o' 



j-oLJI J^aaJI 



J^S' £j! II J-if3 g ] I 



J-yaall 
j tiS” ^vmIxJI J sie\\ 
jj ji*x Jl J-AaJI 



807 ^ j 4-JLp *u ^J l ! ^Jl ^J-s^axJI 
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ol as>jjA \ j j 

847 c^jj-vA . oLoJiJIj 

jl)wU . J .lj t Lj (Jf .(jl t ^1 nX^j4--w«j1 

889 f.j^ < ~- J y.3J <LjLjJ! <u4>cJJ 4 JU 21 J! ! (jj dJliJ! 

ifj* if a cr^j 



939 j3 Jj-Lj ^j^~\ oLi-g-P ! (JJ J jJl Jwaflll 

-o' •(* (*-^Vj 

1025 ^2l_>L. 4*pbll olg»«Ja.«)l ! jj ^^**.14-1 A ~^ a 1 1 

1073 — ^Jj&) obtlla-iiall C~J 

1 141 — i£js olp&Ua«>*all 

1209 
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fss, jJuoj 



JLluW CiLLulDI aJULu 

_. ja)I mU AJUt Jux. dLUll SjjL-4 



<uiaj o^yu^j ^ lajLaxjI (j y>- i <Lwvj-wvJi o^J ^wiii oi ^ ^-wJaj 
j-q-LU Lw^L»al L5" A_9 A_^3 C>J>s-^l j_^2_P ^3 ^_> ^5 jLaJJ AjjJjI 

a_Lj J~a d) jL*Jl]1_j ‘LL~Jw^~J! o-L-& j_JLj Lj j c ^-LajJIj Ls^JLs'y I 

3J-P *L-_!j jli?J ^3 ^JLj C <L»J>- jlJJ <Lu j ^ ^LJJ 

! LgJ^aj C ^ A_o A*JJL ^Lw*^ 

—a 1428 ^j^LjjJl ^3 jJL*_LoJI ^_> a^>-aJI ^<»J>jp>J ^^Ll>JI (jL-Jl !*y^l 
d-w-t-Jl a^J o ^5L> olj t a_o ^*J l a_*JJL> ^LojL&'yi ojj jS j_> ^JJl ^2007 

^3 io^Jl aaJJI j j.y? >- e3jj>-j) ! La ^1 p (j^ 2 - 5 o*>LaL*_<>Jl j ^o-LxJl 

.(L& ^ j»*}Lp^yij t jL/aJ^yi JjLa>j 2 JJ 3 ^3 L>j c 

A_0 <L_j jd\ a5CLo-oJ| ^3 ((A^jJilJlj ^ j_L*JJ a^jJj? ^J l a^*«L_*^J|w ! Loli 
C^LiJl^ (_J ^ t oLjl . A^->c-ol A^JL j 0 jjt+S* ^LoJLpI L^_XP 

a-JwAj j t a_) j_^>cJl A-jwAxJlj (. ( jjUI) j-*.«,^Jl a^&Lj^oJI oLjJLJIj c C3LoL^^S"j 

C (1)1 j.Jg.ll J g-l yg A llj C oLu j_y2_]lj Cj'y UaJ^ I j CjLoJ y^J)M J C CjLo j_L*_oJl 

.ax^JIj c jJLloJI 3 I c aJUaJIj 

^3 L« LvAjI wL^P 2-LLoJl 6 j^La ! LJlj 

f-\ J_j| ’ *2^— _>- C O-J ^_9 4_o ^_*Jl A_i_Ul J J^PJ>- ^j_P wL^Jl 

-L^-P di-LoJl Aju wLa L^wLaLj ^ I jL^tw^J \ 3wL P 

oSjt> *L^->“jli>-J a5LLo-oJ 1 ^Jj>“l3 A Jl}sj>c*a ol^> ^-a A-JwA)Jl J j-L«JJ 

AJ1j>- Lj t ^3 j j ^j-Ss_Ju ^1_P ^JLaJI ^ jJL>c^oJl AJwo-9 j_j ^J_L*Ju La ^_jjL*^woJl 

c A_^o-LxJ| <W?L>oj C A^jL^JI c_^5vJl A^>j>- ^Lj ^J_L^o La l^a j (. Cj j^j^I aSL^Si ^Lp 
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A_*JJl ^ ^>-^1 A-oJ>- J. JL> ^<Jl*J| ^ jZs>x-*S\ *\ jj\^ ^Jp -XpL-*u Lo^o 

.wLjLj IJ ^_L*j ^ j*S I ^ jLill Juj^j ^_3 j^_j <Lo j^Jl 

A— *<L-~>Jl )) 1 _£j3 Jj>- ^Jl oLjJjjJl ^y> JlS* ^3 xS" Aj*^kj ^Jp 

LwoJlp L*j>- (J j^fl l)j-Ssj C^-^>slj c_^JL5sJ1 O j_JL2>-Ij ^ jJl*JJ A— xl? jJl 

Lg_>- j» L«Ip LlxS" (-LJlxJlj c L-*~aL>- LlxS” ^jljJl o^Ssjj c a^jJixJ I dliJ ^3 lij 

^ j C A— ^Lp'^ • ^ ■% I jl -Xj>-I j >LlS" dU-S ^Ja_*_> jJ j t 1 aJjIp 

J j aJ*>\J ap j-*j>tLj3 Lo ^Jp a^JwLSjLoJIj < Lx*J 1 ^_*^ v y 1 CjLjJixJ I c_^-XS" aJ-^_L*-*< 

a-jJLxJ I j a_w<*_L*JI cj L>cJ. Jg. ^ jj£~a <. >1x5" ^j/2*/2 >- Lo-S" c L*-j>- L>lx5" 

. Ji& «/? JJ a 1— —L— Jl o-X& ^ ^ 3 o -X^-*^-^J I 

v ^LlSCJ! OjS^j d)l l c ijj-3j f-Li^jl iSy^ 

^Lp -a_*_j jwLv^ jlS aJI j <. LwoJIp wL^-aXo t a^jJjxJI dllj ^3 <»^jlS\JI 

j d)ij i o3jJj>c^ aX3 J^Uu c^wj>tj Lyg-i>- ^ 1 0j-^> ^ olj 1 2000 

^Jp A-oJ>~ V >lxS\Jl l$j C i]| ^x)l aAUIj Aj ySLa LgJP ^J^-jJo Aj>c^-jJl 

^3 j L^— L?J LL>P Aj > s_^_)j jlx^Jl J-^ 5 <1 )j^sj (jl I j-^>-lj t jJ>-l 

^y* A_)3l_v2_X3 ^ I A-woJjJl <L^_oP ^3 tjlS'sJo'^/lj A^XJLxJl 

ap ^> j>t^>Jl o jj* jjj-ygj oX_*_^j A-j-iJ Ij ^ j_UU y^y*S I j_p dLLoJ I ajo^Lo d) j 
^ A^_1 ‘LoJg-^.-oJl j_Sw>l (1)1 ^jlj t 
^y^>- J y>*Jl J ^j^-l^oJlj ^3 4_Jl*Jl 0 3 jJ>cJ| ^^cjj 

A_Xj>tAJl j^l_Jol Lo-5" (. jL>t_>^/ 1 AP ^hS'j i 1 ^)Lo-U 

C A-^Jg-XoJl ^3 L&jL>c_)| ^ ^P ^-o«j>c-o-U A^woJ-*Jl 

oj^Lw« j^JcZ d) j_*_>Lo jJl a^laxJIj ^ -Ip dlLJl AXjwLo ^3 

.^j aJJI jlp JlLJl 



-a 1431 /3 /20 ^L^JI 

A»J^xll j ^ wlP ^LLLJl iuwXa 
^ wJl -Xo->C^ 
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AjjjaJl AjIHU f\*l\ JjSjj ^ij 

Public Perception of Biotechnology 

J. E. Smith Sum * .j>\ 

University of Strathclyde - UK S.Wm'I ±£&\ jiui 



Introduction 



1.1 



^gic. o^J (jalill (jl 

t jjja’ill (jlfr (jjiLill Ljajl jjVI a 3 La£ Ai=>.jJj l1u9 jj ^gic. 

vll !i& i i . 4-jjj-. \1 Ajlalill dlLaAkj CjL^IuaI jl 

L_ijiv j aJIajoJI ISujJ (jjj i. qVi-sn.fl t cjljUlIj jliaVI fctfSU 

46 J-lada (_£^)dl J*Jl UlSj J-ixlLbm La£ . ..Ljjajl (jjd 

Sj 3 jll J Aj-iL-saliflV ! AjAlijJI • 



^ jUti .0 



, jJlSill dil jUcJI j Ajjj.ll! d! -12 jx_a1I j ^dll J £_Adu2l Asliij • 

. AdLaUjJ jx2! J Aiddll dL^Laboll • 



Axuald c j dLisLiAll (j-a jjj£1! jjjj Ajjj^J! Ajl£ill AjIL^J! S^lajSI 

^- 9 J (_ 5 jdj.ua ^ A^Lalj ^ (Jjd.ll! <Jj 3 j jLdVI (jl-llj ^ 

A_ua jjij jjjJ! jl (Genomic) a_lc jjjaJ! ajIsj Aj-^ldj cAjj-i^JI Ajlijil (jAill 
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Aitaill jjdil ddjlill JdjJI c. >=JI a HI I > lu V 4(Proteomic) 



.Aiullj o jl dll j Ac.|jjll_J i_ilallj Ac-1 u.-ill (Jd^a ^9 ^^jdLVI l&jjlj AjjJ'nII 

^^9 l*imj<a (_^3j .Sa (Ad (jjj9 Sic. *Cj> > -all c-Lldil ^ic. (JLajdml lil9 

^-aLLaill ^.auulII (-> All jjj Vi cs^-S ‘uW ^' J (jdsAlj lajjjlll A ql"l~s a dlc-1 ' . .n 

Ajja Aijdl <jjg - n <41 e-Ud^l od I^js ddVhul dlc-lda >> t^cJI ...(Salami) 

4jt_id> (jSilj 4 da. ijdd Vaj^jLa <djl£ ^llNI (jl C n-s 4A_i<d ^A Laj jdl 

jS3 J (Biochemical) aj jiA I dLL&liill dAi'A -a j $1>VI ad J*c. 

dlc-1 uAl idll > >la_l)/l -s-all aLiaVI J> 4 \\ Ln^l (jl .<9 jj*-a 

dljjlaJ lilli Cl Jj . jCd (>11111 j jCd ^jluill (jjill (_j3 V] Jua^J ^1 1 g . ,n( ~s In j 

(jjjlail (JjCaBl ( a^9 > 9c-lui La iAjjLiaJI p.1 ;<i A' j Ajjg •> <41 c-LpAI ^ad > 

tlLLui A9jj*-all dllc-l H Al J£ A] * . dbleldll L> u A? AjAllSlll Axu^alill 

j AjaLlxll dLliijjjll (> jjdj did 11111 j djja dlddui ^Liid “Cud. dlc-Lda 

(jj Addill AldVI (> (_}£1 ^^9 (jl idui V .a 4 _ 1 » >«n] (jill jjdll I&JJC. 



^dddl Aaftlij (_£ jda<s (jjjodj _>1 >j (JJ j-aLa (j£Ld ja&di La ddl n Al 

. 4_utdll j 



jjl A_}9 idlu V La<s ^SjJa.L/1 dll j.l >,nll ^3 ‘Ljjj* 1 * II AjUlill (j-a (_jlkll 121 liLal 

Adljdl el>L/l ^1 C- Jd-a > jXJJjuiII ^dill A] (JjLoiL/I 4 in all 

La ji (rDNA) DNA— 11 jdt dUil > d^.ldj (Molecular biology) 

t(_>C.l ^3 >s jjjui j! ill j aLaLtll jAal AldfiJ ^ill I’S 11 iLilillL Adad jAaJ 
A iii-vll Ajllill (JLLi. >i9 .l^j ^aSdlllj Ajjj^II dLlc-lilll Lin>>l (jjia ^Idalluilj 

(jl J^J (jLuilj t^aill J^.J dill) Aallda dLulS (> oi >.La i." '1 11% Ldjl jAaJ 

.A ;All AjjIjjII dLajl*- 4 !^ >Uall i—JC-LLill jAlllLlj (JLiall (J>j 



djjjs (_5 j’^ all DNA II j L»9 ^-d “dajill 1 liLi*"' A-ij,)*s 11 SlULlli 

tjjljjia^ jl dill ^gjl jl >al (jjg -N j (jjl£ ^gjl Aialj ili-aLadLl Sjila Ajda (_ji 

.jJjLjaall ^>JC' jl SdJjll A lj>^>qll (jAid ^jj (jl (jSLaJ od dLudl (Jij9 
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jJI j 4-fa j'n'vll Jl^-a ^3 ‘CL-i^-il jj (jlj (_paj!iaj 

JjLLu LaJ 4 >,*->' -s j tLlLtS 1 g . >it i f3j i^gjd dlYLa-a Jl 4_iLaC. i" '1 q n)->"i 

: Jj La AJiLaVI j-G (jjJOjJj 6*CbuLiX-G <jLdV! 

o-lLafi 3] jJJ jlj-G Lijljj 4_1 .Ax-g]I ^al JlikJjaal • 

. JUgII J jf-ai ^ CjUliil! j (Insulin) jJ 

6 ^«^*ILq <jdl j-gV l_jLiujVIj (JjlujV^ jjj ^_9 • 

Lg-g jLaijVI alJC- 4 -jJ 3 J-o-g]I (J-gIjx-U (^^gj) ^ Vl^dt JjuaLujIiI! LujIjJ • 

j JdaSl (j,*aj3 <j-G djj 

.A^Uajj-j j ajj! jj j^I j-gV (Gene therapy) 4d£j jjjLj • 

^«iLl-G jI^g’vC.Ij c^j^Ij-gVI (j-^li-)aLi3 JjujIj cJ^-^ (■ > nlluil j (jjia jJjLj • 

, 4 ^n.1 .a\ i q 4_UJ W W 1 i"v a] g y \W 1 ** 4 \ Vg’i 

•• -J «• «• • -V •• 

^Jc. ^j| jjll 4,n'q\l ^ aWixa j^,n.L‘‘n <iUj j Ajjl-liJI 4_iC.jill • 

.(Genetic modification) cjUJI 



^tjjfl Jj^slUI A-ic-l jj A-a^-g L^L : 1.1 Jj^JI 

Claliyi^ CljljjaL^JI LgjULg 
4_:jLa]l^ ^Lboj^jjall jJal j-qV1 LgjULg 
is ja1u-q Lll^l JjJ-gIIaI jJJjjdllj gf nil II j dj^jjll j-o Alllill ^ Jp^<Q ^9 (Jj-lxj 

(Lubricants) cill.S‘W^U j (jj^Lai-Gj ^W‘u 2^-21 ^-liijy oiwuj 

^1 j-g j (jjjll ac. 1 u^' t (Biodegradable) Lj£*. j JShll <Llill 

. jj-g^JIj j±kJI A_iC.^j jjmVilj tL-LilxIill 
d£.li£ ^ic. (J-Gxll J 6 l.g l^Q »-VW -ft £-1^1 _jl (HerblClde) L_jl_ujc.Vi dal Anx> LgjULg 

. AiiaII J-g 4 _lg£ (Jfll (JLaxHjoilj cilljj 6 ajLjall L-lLuaC-VI ^-cj A g Aaj-gII 

.d^LiJI jj] j j^A jll ^liaj CluS jj j tAlmli g-lijjl£ tlA jjA jj dljldll ^.Kxai'I jnxa'l 

. jl 4 jLc. f. I jjI j jjIaII Ja^kuj j-G (Jj\Va\l 
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u^ij jjl £3 jjj Axj l g'n^’vdaj diU j J! j jIajII gr k-Vi dil ^jjxj 

dud ^Illl ^C.^iill dlldjJaA ^ic. Ia a*iC» 1 (JflJ t,** n^w J *<J*J Idljj aI^jlaII ^ulaUaJI 

. ^jJ^)adl dllj^j j^)da i^ja 

j j A j mil JaI jxll JajxjJa AajILg ^^Ic. dlljldll AaLU SjLj 

.Aj^ill A_^.^1 a j s-IaII A_ud^j 

c^IILq ^lidl ^9 tAj^ill AaLuJI (j^lx-dl All Jjj ^ic. detail (j>» e i S^p3 Sdj^) 

.(Bioremediation) ajj^JI si jl^4 aI^j j£aj l* 

. i<p\jjl\ dl VuaII ^j>ia j ^ja Ajjoilxti^kll AjjjolaII ^I^aII aII^I 

.^jUa^uill djIjJ^aII j1 ^aIIj AjlsLi]! ^jjLx-dlj dliiAldill Ajjoij 
Qp> ^dlill [^\ tAJj^Ldl ddlalll t41,dj t _jiV*i\l dl jl AdVpiJ-a jI^a 

. dlall (J£l (_3J^)ia 



: j.wi4fl 

P. J. Dale, “The GM Debates: Science or Scaremongering,” Biologist , vol. 

47 (2000), pp. 7-10. 

DNA— II (Biosensors) dJ p \ j JjL« j 

lg j ^jiajVI cIjIjIac. Adl^-al tilljj (DNA probes) d aj^t-dl 

.^oiad! J^ta (Metabolites) 

jax x^a ^nij ^-daJSJ (^Ij^JI Jdadll) dldSl dc. AdiaJI Ajliill ^jj 

dl^iAA jl ddj-a AiLjaj (J^l (j-° td.1^. d^j^A DNA SI ^3 ^^Jl 

AHiill A^qjULa JUIaS! (Jj u» ^^Ic. ^)^d d jI^iaSI tilL ^jaj tAlidll Ai^^a Sdla. 

t_d^A ^1 jl J^>J ^Idj jl 4L_flli^JI <d jULa jl A-j^)Tadl j Aj^jjiaJI (^pal^jA^U 
Ajlflj Jild (ja (^jSaj l-d .(1«1 (JjAaJI til lj ^Ic. aJjaVI ^)ldl) A_iaAI 

(J j^joiaSI <2jj^a 1I Ja.u n jl ^Ja3 l^_J t_J^C«^)A A^x-a Ail j)j ^jl^^ll (Jj«lxlill 

6^)aJ ) Utij iS^ (JJaxj tillj ^ic. JOa (jjjuij tA^j-iall tillj ^p 

-iLaiall ^Jj g jJVl'l (jsl JJ (^^211 ^jJll tilL (j) ij tUjl^A^.1 dc- ^aJal aJ^II 

AlUkJ A >. l>> 1 *>\1 ^Jal aTiII ^2jj jaII I4a Jadn dc. tA_ilc-j - ^ jj-21 

• ^IjLail O-lxJj OJ^U^AJ A_lL-a j filial 
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(Geneticaly modified) Uiljj 4IAx dilAlK diUUll oA J£ ^-xud 
jdc. £jjUxs J^»'lll Ajlaj jj .GM 1 Ajl >dl"\l jdlj 

CiLull (Jjj-al3j -Ujjj ajUc. (jc. UK i. dl-s'i JUlUj i^^Ajadl s.U^/1 

oiswl jll ajjUU' mA-ASI jA.^ J^»-i.,.j ^pll (Plant breeding) UiASAll 

l$A dilAAl dili <!Xui tUdl i_a^ (Selective interbreeding) 

t jn~\,all (Jdlj 4 nn a\) Aij-all dlj_j^ (Jli ^aJJ GM SI <llai ^ I <IJI . dll nil ^ 

dlLo_jlju<il . (Jjjl j (jAxdl 4_sdUi j dll ^all i" il U i jj~s g'lll jj^a ^ jjuil (JKdi j 

:^_SUSI diljliVI (jljjaJI LS lc. jj^)USI GM SI (jc. a iln.A'1 

<http://www.apec.umn.edu/faculty/frunge/globalbiotech04.pdf>. 

SI (jl ^jjlj^SI tJjWllI I g 'l a j tidlS jVhSI (_K (JUutLail (j« Ac.Gjll d V tljj 

UajliUI 4 _uKSI jjasUj t jljjiJIj jAH UidUll ^ jjjaidi < q j j AUj . GM 

^^dbljVI “Ua-UiiA 4_l3 (j^aSUjj dlSj jiAJJC dl^jUall ^JlaJI jlKuiS £ I dill (j a 
KjjA ^ <J_£ aid j t^pl J_jSI (JjddJI 4jldl Ixjjjui 14Ai jVI jJUll ~lg wij .4_icl jjll 

^9 C_fljL^all L<uaj . AjJa^la-a jj V cljjoilj 

i<alLk-a 4 _luj iljjljj ClAjjlS ^jpLLa] (jiajt J 

jjjfLj j dila^U jLL] ^ tillj j 

. a_ijjj J£LiuJ 

(DNA Probes) DNA _SI dilA*-# J U»d.,l ^UUI oA ^-Li AS 

^l.lVnul ^IU KSKj ta A» a A jl n ^S-i i ^^3 Ui ji -s .all cUA^I 4_i_jA (j^ij~s .'.ViS 

AdU dil jjk (GM microorganisms) Uiljj 41d<_all 4 jj^ASI diUllKSI 

dllcldVI ala* ^ ^aJ AS t(JS-ti.VS-l .dllK^aSI (j><»;i (.^AA dljlill dlUjiuia 

Vjl -(jSsSI JjA dill j V “U^U dlVl^-o jl V] t<lidJI UljJiJI <jlaill (j« <diUll 
USil jj SJdAI diUilKlS i jAI jAdall jl ( JdAAl ^ > Al j U ^ 11 AUa 
dil j yu Aisdall dil j jU'ill IdUj t<ilaill oA (ji jA (jc. 4_iiU j.Al ^1 jAl a ■sVuill 
JilKill j JuiUill UAau <al*dUI (j^dAUj (Molecular Genetics) “iAijAII 
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A >,*->' -s'l) A iij-s'l al>La_jl*-all (jlstLall i. jjLaJI ii3L i& t^^joiiil 

^ j 2.1 

Public awareness of genetic engineering 

44_ia&LH ^JL ><-i"l*vVI A Wl j <a£J5jj ^laJI jll "ijLaj /jl 

A^qjl 1 1 A 3j>^*^^-<q11 3aL^. 4j<dlxll dal jpjoill (J^ld3 . Mx a 4j! <aLjaj 

A-IC.I jju^lll j Ajx^^^'I dLaujj^oJl ^J 1 ks\a 3 ^ ^jJjS J JJ-£3^ii <jlajJI 

^3 cdljj 3 -0 ixll dllifrlt j 3^ AdxJJllSYIj 

Aj.nah'l 4jlili]l jjJa jx 3] 0 x 1 J dLj^l jY I L-J^l k ^\J 3^ jjll Ia 3 jjoij 

> > * * 

^jdj^Axll dl*J j^l j ^IVill JjLu 33^dn Ij^A^^- Yl ^ 4,43 03^2 

3* A-ilc^ 3^11 gV'x'lj jl fc^tijYI L-'flAfrJ Igjlij L_baijx]l DNA !l 

Ajlx* SI (JjUix gSlxll" (J dl^jjai 3ix 3JI3II JUuaJI AjI .Ajlill! dlL (JLfcjdail 

33^J lx ^A ^IdYl 4j\xC. j! grVlxll (jlS IjJ La <JjL-iiLa sljVli t " A-l^.lUj'V I 

J> J> 

dul£ lil lx 3- cj djj Lx3 - ^ H <jli3lj <il*iixll ^JVill j *1x1x11 dLuAj-u.il 1 

5>.« -* -* # 

tdl^ujj C ^ l^J ^1 C 3;).)^^^ J S-lxl*-!! (Jj3 3 -0 3 ^Jl 1 *Lj^.l2kll Ajlijll ^laJ 313 j d^l^ll 

Ajlsjll 3* AqVl^kx L_ljl 3I Llll^. 3x3 . 3I33II £Jx-a 4 j 1I ^3 ^Ixll 3I3II 

4xg x dLuAjjui ^1J cl^J .<1 jI 3 x]!j 3iliill 3 j 3 4^. wll 

(JjV-JI j dljlijjVl-jj cjLiujIj 3-0 3 j Y A-3iLk! j j 

^j^jLijoJ! 3] •S^-li^ll C)* aSjs^II JjII Vill j 3 ^.^>^j 

4_*jjIjj31 3 ^ dlli£ j c^aUI jll j 3i^bjJI ^aLdl^l 3 -° ajc. 1 ,x*WY 1 

3 jj 3 ^- ^CJxjuJI ^)xY 1-3 c ^Jal ^jkxJ^l! xWxll ^3 (JSYI ^_ 5 -l c ’ tAjxLtll 

. ^,. 1 ..) .j^aflall ^^xlxJl L_ijlaJI ^3J ^ "lx A-ilsI Clul£ 

dl^. j ^3 li^tlkl djljl 33 Ajlill! 3 ^ 0dal^3! 3 -0 4 j'- 

g-3 .Ii3alill 3l3jjj .^IjUxII (^^>^YI dLuSill 3-® iS^ 3^ J^j ^1 

3 x 3 j Y tA^Vi^xll A-jjqj'-i^jl dt jlnlt j 3^^V1 j tdlslSill o 33 jux dl» x*Wxll 
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Aa-oAIj Aj^jjII Ju V IaA j <Ub^)kj ^>ki]l CljLg_^.j (. ^jJJ JjjSjjII 

(jj Jjill VNJ tilli ^Jj .AjjJ^J! AjlajJI (jLij ^alxJl (_£ 1^)11 <- QjV^j AjC«jJ 6^)j^)jJaj 

Ajj> : )**dl <jla!l]l jjJa^a Cj^ (3^ J <*— (jki]l (3 -0 

6£.La 1*_1! dkj Aij ^-AxJ ^j^JLjolJ jll^VI j_)^ x ) 6 ^_j-o\_lil ftLl^. ^-Ic- ^»lc« 

. ^)^}A-a ^JC- ^JXjuuII I^A (jl£ (jlj 



-L-a^)j ^jjjLiSJ 6^12kVI ^ A-a^-a J dlVjk-a CIlqIS Jill 

JLajLLaAjj t dll ^)dj-d! j dll £ lliiLaiV I JjJ^k <^)C« ^»UI ^1^)11 ^C, A_iC«j!i]l (_£ jJjaLC 

(2.1) JjdJ o^j .(Eurobarometer) ^jjjVI jlojjlJI U 
Ajlidll dkukj ^alxJ! (_£l^)]l _^)kj Ag_^.j dl^^LkboaVI jj)^~ xx } 

A^^p £3^)1 (J-axJI AjAa^ J>J IaA . AqV^^ll dlA jJ^Llijaillj A-jj).i"ikSI 

La£ i Aj j).i^.]l 4jla!l3l ^)lkj C) Ak ^ AjjI^^II Ajliillj c 3l^ Laj ^IjcJI (_£l^)3l iS^ ^c- ^11 
^aUl 1^)11 l.g ijlc- (Jj^aA.j (jl 1 > 1*NJ ^lill A3^>*--dl (^ jIuia (JIjjjoJI ^^)kj 

ciLaj V t A jjA:v 11 AjULil! ^iljtj V (jlj £)Ai>h\ AjkVI lDU (3^ AiLjkllj 

(Food £puZA\ jl ^LdVh aj.ac.VI A^Jlx-a AjVq i djlc. La£ cIaajI^s ^j-a 
tdli ^ia .s^ldl aSLJI t^-dldl jjSlI dlm*_d ^Ik* irradiation) 

AjjIAxJI jl^kl ^kjWl ^ ^JXjulJI JLa*ILojI AjIIjlS j A-g^Luj dUjj ^C>^\jj ^ds^l 
Aj \q ill tilL ^aUdl tAjJa^A-dl Ij^jjjSJ! j Aj^_^a 1I cJ^J 

^ in mi ‘illij 6 (Chernobyl) ^ ^ilil ajjjaI! ajjISII c > iu>n 



JaLSaJI djli jaII j (Irradiation) ^*uall a^Lc. ^ kkJI 

^UJ! ^ jll ajc. jjj Jlii J^'jj c> di] .(Radioactivite) ^UaiV' 

^j-c Ju V 1 _a£ c^jjjLaII L-AjL^-a jfi ^j-a «1 j V cAjjIjjII A jujAi^.SI cJ^^ 

. A ; ).Ai 11 ^)kl A.a\1 AaHII 
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CuiUgJI ulilVtJaTi (jA (jijJI lJ&ja : 2.1 JjAaJt 





t-iSj- oJ J 






(%) 


(%) 


(%) 




3 


6 


91 


CjIAjI£ <laml Jj (_5 jia. dllluLiLl 

“SUS-?-* 


10 


10 


81 


(Jjj-aLa»-<i]! 4_iC.^j l_£)La. 0-°*^ 


9.5 


17 


71 




19 


11 


71 


Ax_l L. 4_iJa^)C. (Jfll ^xlal a}^\\ (Jx-^ 

i q1^>q\1 


13 


20 


65 


i—ljjjiaJI Jaiill ££J 1. 


13 


20 


65 


X-\\ C ll q\C. ^ AjlaxM 4 -n. \1 » ^ 


22 


14 


65 


^aII S^Lja-o dlLaJ^jl JLaxU 

^JC. Ig.TklAjj ^aJ 


15 


23 


59 


4_nla]| dl^aJ! 


13 


26 


57 


AjjCV! ^JuAi 


19 


25 


54 


^3 j)x> 1 il 

dJliil! ^1*1! 


31 


16 


52 


4_a jULg liljj 4_l.lx-a ^jUL! 


23 


29 


46 


^LojULg (Jj £&] 


27 


30 


43 


<■ (j 1 i Vi ^lijl 

4_i^ja-o Clilill^ 4 L t.)\ jj 


29 


31 


39 


4_1a£ (jjxtlVl 


49 


26 


23 


^Ic. ^.Ljakl] CjL^jjja JLa«lJ 
dila! ciii^jjaLa. 


47 


30 


22 


L n\-v\i ^ \jj| 4_1 a^ 


72 


18 


7.2 


fi^lliA-al! ^jliLV! c1jV^I-uj ^LuiiLai! 


84 


9.5 


4.5 




82 


12 


4.5 


4 n>>> Clili! ^lijl 


95 


2.7 


1.5 


4 -v 1 . nl ^Uj! 
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Cl liilkl £.1^)1 LxjujIj l ilia <^Sl 

jiLyi __}lajl) ‘Glqnli'lij £■ jjJa _ja]L 49^)*»a]l_j ^^ipll -Win ^11 j A lull's 

AjjjaJil 4jlili]l (j^ i isl ^all i aLti^l ^^3 A^a&l >,a.a]l (J<al_jxll ^&l jjl jjJJJ Lafi .(1.1 

j)Y till! j t (jLi i-a i_J_jluilj jl 9jxl^j>«nl 4jc jjc p.l_jjoi t^-_jILall ^jj9ll 9ai*-all 

^^Ic 4 » j.'3-ill j L ~ 1 '] Ja . l^J Lu9Llc j 9j«_nla3l [_yua j 4_ljj9]l_j 9_l9LL^Vl ^aJAlLall 

(JjLoij l^lj <La' < *\"l^ ^Lojjh \a (j&J tl^llljljJCaj l&jLLlj (jJ^Laaa-a ' g *1<a l-^l 

Lul ^1 ?"4 _i*_uL jjc" (JjLujjJ lgj9 jajIjJI (JjLaj V (jl t_ 1 -VJ 9_ilcj t^j»j.')-i ^Ijjj 

9j j/ ?(_£jjlull (jjii^JI 4jti9al sJ_j^._ja]I j»LiJI jl^all ~jAks- i.a - J ^ a 1 ^, A * nlill (_£_} j 

99a CjUljAaJlj CjIjLuII cljljj_^aj Jjc. (J£j9u t_lcLLjj (jLujj/l (jlj (J jail j^a 

t. aig-Vill jl i<ia-o <■ " i\ q ». ^-» f.lajjlj t . iWull ^jl j!ill J^Li. ^_y> till! j tdili. j)jj3 
^9 djljl jj-s \1 J elltjLull t"i*t n^il -lils ^JlilLj . (_£^kj/l dllq>«-i\l (_ja*j jj*9a jjas 
la3j ^sjj Cjljjjull tillj tlul£ 9al .Ax-pall l^ijLuil £x AjLIuII <129 ILa llajj 
99 4jl A t-nl -s ^lo j/jj 9 Cj3j/ 99 j t^a^jl jD-i'mj (Jj5\g'nM,all j (Jjalill t" ll -s' jl-sV 

(jlS A l->Wll (J jA-taSi-al £99 ^)*_ ui ^^icl (jj 9J9*sll ^3j .e 1-9*11 (_paaaj ^aLu: 

(jj-sg'ill 4j9jlaill (jjlall ( _ s 93 .2005 ale ^ jjl£ A kts jl j j2ic tUlill (jjall ^3 

t^^aJI (jjlflll bLli. (JS (_g jlu.ua ^jic. CjIjjjaSI ^ (Jj^aiJ JJJaJ tilliA t«.laijj/lj 

9_J£_U! Cjlaa^all ^_lc. pllj SjjiLtxil! j a 'nu^^ll Aq>^>ll dill SJjjJI ^±ij 

cjljjiiil Jij sUai^yi ^ tSlij ^Sj La 121c. j t (Phenotype) aj^jUJI 

<jjC.j-all A ] I1>\l CjIjj*j]I j^-a (J>.oVi LaJj 9) (_g j-Uti^ll ^lc- A ;ij%ll 

o9j9^JI JjLu jll (JLastluilj LaliJ .o9ia-a ^)JC. (^J^-l 



^Ic. ^JaLeill jSJJ 21 tA99ll <aSli 91 j1jjja 1I (_g jpui^i JJ*2I AjLaC- j) j)5’S * a 

o9A (J^ tU Una <*9j!Laj t(Jj*«a9l A -\ ;V2I (jj^J t"n-\ 1 i_J _jlaJI (_£ jIuiaII 

till9i9 ,<j9j 1£2I (jj>g'2l (JjLtu_jl (_yu Laij?l * S9^JI ^Ac. 4_la9l *v all £-a j)^)L (jajLa_all 

JjoiIj (Ja9a9l 0jllu a I lie j/ <luua 9 1 u ^i9 (_ 5 2e 99 1 JJ*'21 (j^s 99c- (Jl^9j (j^-aJ 

.‘Lj-'llVhll Ai^iall (j x jjISL 
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flxll Jj* (1997) j»l*l jlwjjU): 1.1 jUaVl 

.AjjjsJ 4JI&13 

j c£-<u^-a 1] ad La 4_jl£ill dllniaj <jl (jx 4 jjj£^ 1 ^>dtJ 

(JaVlj 4 _l<i&I 4_iiLall j| ^xll ^Id] c*\13^j dll 



dljl jj*\ll (jldVl CjIjjj-q (Jld.}] ^3 £j 4a.ld.II ^Id] C5^ 4ddJl 4jldll ^Idduil 
^JOC-J AaLq ^)JC. j l^)lad iilS3 AxJ t^jLdVl dc. £- C-ldaC-l 

.(JjjLo 

4x-L^-a 1I 4 K/d 4^J1 jlx (J £^J-^1 ^iC- 4jld]l ad (j! (jj4Jj^)jVl 

.4_i*ldl (jl M\ ^ 

^gic. ^ j'Wj (_£.3]l ^cIUaII d^lc. ^gic. ^dal ^11 ejjjx/ai aULxaII 4j^)j£V1 .^“ijm 

. idl^j 4Jd-Q .il^o 

t^yA V d 4-jdl'qMl j! ^>diuil 4_iLja3l (JJ4J jV 1 (j-Q 4j_j!i£V 1 (Jxgj 

4jldll JvL^ (j-Q (j! j4^Jl jl dldll 4 jSI tj]l dUw*i\l ^}dj 

■* ^ c 

^j-o <jJi]| AjLa^J 4dl£ 4_2L^JI cIjIaj^jooI! j ^JVill ^jU o -0 

.4-jj) )*^11 4_jldll ^ic. Sd^idl ^)Li^ll 

* f 

^rJd £-d J AjiL&C- ^jdoJ 4_j\j (jJ4Jj^)jVI (j-Q 4 aa11j JailS 

. 4 f~- l_Lk_^ll C^ l 1 ">q\ 4 ^ j) <*v \ 1 4 4 q'^ 1 1 dlflU^jdj 
a, W'ldl ^a-aV l£ 4_idlx_il dLJdxll ^Jjd <jl ^)d.VI ^ya 4_jl ^jdixJ (jjJJj^jjVl dlL 

yy y 

4jldll jpu/il dljLJ^)jall]l J ^aJa_l]l ^Jxjj £jC- ^JjVI 4d^j^jaldl 4_ldL*JI 4 x«-lll 4 a]\ ^ j 

,4_ia 1*J1 dl ng 11 4_il jjjoix 



^jj ij 4^* JjJa^ill aL^jl ^LxJl L-Jjl^ll ^iLjJ ^JjjIjLo d V 4I4A 

^j-c J j 4 1^.1 j IjLii Vj 4-l^lj 13 Vj Ldl y \Xi (JJjJ ^aLxll (_^l_)il 

dLcli 2003 ^1-C- ^i3 .^3ld]l j1loia]I j ^aaillj 4L_aalj-ollj 4gJl X^xill J 4dLoL«a4AVl 

j^joi 4_k]l 4-uud J-<d <^1^)11 p ^Uajjoalj adadxll 4 ^ Lax II ^^3 4-xj>,^^kll 
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IgSsj (jc. dj^c-l j tljjljj Jjj^aU^ll IglLdjU-a ^linllc. ddl 

Agri-biotech ) ajjjj^I ^LajJI dUUI ^li^all - jjl! ^ILSIL 
^Jajj j J-au>a j dU y^ll SjjiL l^iS ^ ajjIUII dd US .(industry 

(J_^. A-uUj <UU S^JaUa ^jUaj ^yuJa ^^LUiujVI <^113 ^aJ .Sil . d\ y'W* I^Sa 
wu fj (GM-National Public Debate) Uljj dUlSl! 

(Jjj-aUUIj s-ldll (JLi^. ^aUll (_£l^JI <d3^-c (JV duiU <LaUu <UjI^)^S 

(J^^. jjdj-d ^ioll J (_£ jjluu* <3^)*Uj 6 LjjI^)j 4-l.AxUI 

4^Uja!>u djiu ^^^UaiujVi <^113 -^1 <jiij]i j <c.i j^iij 

^3 J . AjIjJq^Uj j jjJa^dl 13a (J JiSI dVjUu ^3 (JUUI ^joiS US 

(jdl ^3 AbC-ldall J 4_iC.lj^]l 4jjjd! SiUill 6^Jj-o!! <ligJ! djAxd ^13 4 (JjIU1I 

4^aUll (_£l^jl (JUj V UjUjjal! ^aJ (jLl Aj ^\ J 4 ^JJ^)Sj]l IU ^3 l \x Ja 

AjUij] 4-d^U-a dUiA (Jj 3 (j-o 6^)Jjabcj S^)jUq dulS dljUVl a ^ <jlj 
AjUill ^aUll (_£l^)]l ^3 (jVUll L-ljUJI jl (ilij d^}JJC.I .33 j .^1 jjll 

A-m^JI Ajj! Jj]l *UU]I (^A dl ^jUx-c aUUiJj 4_^.I«1 uj ^A 

* f # 

jAj ^3 d jSJI J 6 jIjU d-al§ <alid dUlala <jl Ldj! d^)iic.l J 4&Udl 

^cd A j*qU dU^Uo AjI ^j.Saj (jj*^ (U 0 J <1.3xdl dljjlSl! ^Uld! 

(Friends of earth) o^j^' ^ jjUiU ^13 jil .^UUi 

<UiU (jUaJ <■** 4 jx>U Aj^dS A aaks-xa djis (Jjx-aU-o ^j-o d^ljlj 

o^Ljubdl 4_i3U-xd! dVUdl US 4 ^j^iajujLilt s-V ^A ^dt_i3 .UIjj dljldll 

Ajlij ^j-«a jit* (3^^ ^jA j^jolo 4 ^jjjx>lc- (j J>J3^. x^a l^.,nS.j 

Jjaj ^jj jj 4, .di^k^ j^-3 a.hull AjSj^xVI dljV ^11 ^3 Ul (Jj.^»**i\1 

^ tilliA ^JUlLj 4^)Sjj uU- JjJ ^3 6 ^J ^jjjUII 

(Jjijj ^jl ^-«a 4(JU^»Vd .Lfiljj dljldllj A£* 4_^.Uo-c 

.^aJUll ^.Ujl <slS ^3 Uj^Jjoi UUj Aq /tij ^1 jjll (Jjjbt.-l.il <j15j 4_iaA1 ^-9Jj 
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JjWual-VAl' ik jLu&VI (jjau ±kjj Allwit :3-l JjJlaJl 

4h'jJ 

? 4_1a (jH\ ^3 A q ^A La • 

^jJaLkJl djLxiil ^k CJjjaII (JLkjj .J^Lj La • 

?A-jjujUj,i^k" AjjIjI jl ^ ^ cr^" liSljA (Ja • 

?<lnll ^k djLul£ ^ tiJllA ^jjSua Ja • 

^jl£ t^lnll A Lij^. a ^k ^LaII ^j-lc. (J.1 xa]I dilk]l 4_iLl3 j 4_x_i±L ^ ^iiu ^LaA (Ja • 

? J^xxi^li ^TWj _jLja <■ . \ xxi c. ^Jj (Jj)Vn 

^Hall (J^J^la ^jc. ^Lia 4<_£^}kl CllLjLk (Jiiijj (jl (JjAIa]! (jj^wh (j£aj (Ja * 

?<illi CjUii ^ l^j njjJ\ CjUj 1£ j (Pollination) 

P. J. Dale, ‘The GM Debates: Science or Scaremongering,” Biologist , : jA^aII 
vol. 47 (2000), pp. 7-10. 



Regulatory requirements 



Ajjtfiati ljUjj^I j 3.1 



Lj) jj JjulaJI ftiill 4j£j Ljj 1.3.1 

Safety of genetically engineered foods 

*uj l ^3 <xjoi!j djLkiiij ljia. ^)Lij 

^aAl (j- 0 c^yL^IiuiU &4x-all cilL Aj-aLk i \ £ *1 a <92jola]I jI^aJIj LjjI^jj 4_1.1xa]! 

•(3.1) ^3i Ajjjjj La (Jl.?k^ll 1,1 a a^j^I^aII aAujjVI 

i^j cJki (OECD) 4 jx>vAi j jl x^v ^Vl 4 -aJVia ^j) 

^a-lC* ^)A (J^Sa (jSx\‘n ^0 Aj V" I 4-Ia^JI AjjI^aII Aa^^LoJ! ^a ^.4 a 1 Lg_9J^xj 

lilLA g'ht'Vl LS^J 4Jjj-^a]I (. ^tVm\I ^l-lkliujl £.1^}^. (3^ L_Ujau]l 

1 ^'’i /*i <o <jlj jfLa .1^.1 ji pljlx]l (jjSLi Lo-lic- 4 4 a)Vm\\ A-aAoIa]! A n/ALj . LlluiA oAKxill 

^tV^aII £ I Axil ^)A ^LjjI jl cl Ajlxt) ^ilxj ^jl C ^ 1*sj (J^XA (J J)x^^k A ^JA 
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(Substantial equivalence) , ' Li Jm^ll lsjLuuII" ta* jj AiLjlalL 

4_j^)LLa LjI^jj 4_I-lx-a]l CjLuI£U AjjI^xII <La^LaJI 4 -uiI^jJ (JvIai \ J<alc. ^ j^La 

t. Ogll ^Ual (j-^-^ (jia^jxill j gUlall (JLaxLuJ 1 >>ijl cilli Aj^C-VL 

^jjjoiI ^^Ic. ^al5 J-axl ‘La.lLaj !)Lk-La "^jLiLaJI ^jLou]l" l-lxa _jn»j .^m i<all <j-a i j^ll 

•Codex Alimentarius Commission —11 

> > 

Jajl jjJaj ^laj ^Jc. ^ 4 ^^JIj]| £3 ja1\ ^)Iaj! -la^-oll 

Cjl^ixalL (jWlj La (Jj^ CjLiiDLkl j jjjlx-a j 



<http://www.codexalimentarius.net/web/index-en.jsp> 

<http ://www. who.int/entity/foodsafety/codex/an>. : J 

gfiVu^ll (Jj3 qa ^-ujLujI -IaIxj £3j-all 13 a Jill 

4jjI«1x 1I 4jl3^)]l dilliA (Jj3 qa tiL13£j iwxall j (jdLalxlIj j 

^aJJ (^jLauJI 11 ^nlajj Aj^jLLall AX&xjuball djLa^lx-all (jj SjUUIj 

c- 1 tdlj ^ J t4_ujjj^)Jj 4_lis^a. »‘>Vl JjLoi j ^ya 1 g jlc. (J j..n*dl 

ll^la tCliL^a jsA 



.(Gene expression patterns) <^5^1 Ja^j • 

.(Protein profiling) 4jl=dt ^ cAjjjjjJI jc. Sjj^=J1 • 

.(Changes in protein expression) cjlig jjdl CjI jiuull • 

. (Difference in metabolite capabilities) V-Afd ( — >' j-^' • 

(jliL&J Ajj» . Al ^ya (J» •% I ■CilS.llIj a j jALall (Jjllsjll i^Ulu aljjill 4_Lol J)l| (jl 

£-a .4_LaLl3l jl^UI ^ja ^ £.1.1x11 <La^LJ 4_LalLtll ^JjLt-allj ^JVllI 1 

AjjlJa^a.11 j 4_JC.^ill (j-a ^j-a ^jAx-a 33'i ^ -AJC. ^ 4 till j 

£.!«1x3!j ^j^a-uJl ^alc. (JL^-a ^3 CjI jLoi^jj j djl^.A^kjJ ^j-a -Id V tillLl .<LaiLaill ^ jpjuutl 

La (j£ ^^ic- * plSlj ^aJJ tillj_j t AjLyW^aj I -Ixll ^)j)laAj <L^^)-a ^9 
^ Ijj t p jjJa j-all I iA Aj^jlLa ^-a -1 j V j • ^^)lall t-JjauL All^Jlx-a j I (JSLujJ 



35 



AHAj 0jll3 dilj <LciLJI q\ Vj t l g jlc. ClAjJ-aa a\\ 

(jl (Jjfl Vi\ 1 4-x-a^LiJ 2u Vj c 4j*s. x**i\I CjUaLoill JjS (j-<a 5J^Laj S^jSlLoj 

.di^ii 4jtiLa 

La t (J^al ^‘l a j (^^qLuj (J-oC- ^jUa! (jdjl J ^Jaill ^ *. ^~ij Lj^jl ^aJ 

CjLdI£]| ^)Loajl ^j-o 4^jLil! A_njl_^JI ^Jal ^11 (j-a AjjJIj (jLuijVI 4-^j-a AjLo^. (^gjj 

: j (^^li) jj ^ V Ua .(GMOs) LjjIjj 

6 J.W<q CLA^Lula ^jxnJ^ LjI^)j 4J.1xa]! ClAjjl£Jl JIaxLJ j pi jll^.1 . 1 

.4_llc. ^JaJjai-aj ^c-a^)Xaj p^JaJ (JS^juaJ IjjI^jj 4J«1xa 1I dlljjl£]l ^Jju13 .2 

i? .» 

Aigll 4_l^.SC<a s" Wl jjjVI AldVl i ^~A ilin AW -nil (JL&adaiVlj flji=».Vl 

^Health and Safety at Work Act) Ja*J! CALJI j a^^IIj j-aUJI 
Health ) e.W“u\l S^C-all CALdl J 4 — ». i. ^-»\\ AjAoalill 4 ng II 4_ilc. djd ^jaII 
“An Will j SjjAdl SjjiVl j t(HSE - and Safety Executive 

j> 

ojjoiCo (jlixl JajljdJl t>A& . ^^jljjll (JjAaJill (Jja. Aj jldLuV 1 A Will 

dll nAll ?.!jdVlj Ai^aLkll (J_n A gill ^gJaij j 90/219/EEC ^JJjVl ^jjojjaII 

(Food AlilAxll dlaldJI ^tjjV ^Viun ^^ill lg-i3 LaJ tlliiljj AlA*-all 
V l$i cs>) (Processing aids) ^jwWil l sac-LoAI aI jA! j tadditives) 

j> 

dljlaaJI jiLlillj j^jljj (JjA*j ^-jjda ijj I ^j]j La£ . (jjaiCa 2^ “ii (_)£jj 

aJja J&. jAd j£j> £* t(Risk assessments) jAdll AC Will 

.Ajlc. ^gjljjll JjA*j]1 A jUk d-aJ (_g ill diij (jjl£ll ^ jiidl 



a.W'i<iH A£LLoa 3I Lul JJ AlAa-dt dljjlSJI Jjd j ^tli) ^2i 

AdJI CiUa. Jj3 yd (Deliberate release regulations) dll dl^il 
(EC ^jjjjVl (JjjLjj Environmental Protection Act) 

(jj! jj aIjwJI dlillSll filial aAac. jdkill oaa Jduj .Directive 90/220/EC 
(_ya .(jjjdll dAgj lilliSj (Field trials) ^ jVw tjjlad ^Lall l_ sa^j Alnll ^ 
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4 jjojdSI j ^jujLiaSI L}dl_jj A_S.Ax-dl Ac. 1^} d]j Jc. aiLaVI 

. ^dl«l*JI \J1\jj A],Axa 1I Ljjj^l A^-l^)^ 

^Ac« (Jj)A^a,"!kll Iddl^j ^l^S J ^jJvUfll A_!jS-^-a (_J^S V 

^jc« Jjj^alijJI (_)£ ^jjiSj i t \\hW a^.v^SI A,g •vll ^1c>j (Jj 3 (j-a a1s\ ^aJI 

A^Q^LiUlSl jldikl dlLlSax-o ^dJ ^aJ .Adddll jl A^j-all ^Jc- ^)jal A.^.ll A_uil^p 

Advisory Committee on ) ^jLiiJ A-bJ ^ Ai JL aS^ A^ftu j 
j^ojL AijUl (Releases into the Environment 

,6^yl\-±A Adix-dl 6^)1 ^jjiS JJjSill ^J^3dJ 



1997 jdLa/jldl ^ cilS jj -\-)Ajj]l ^d^. Jaj! j-Jaj ^jdjl jS dli^J 

u'4? l£ ^ <-Oi* g^SI (EC Novel Food Regulations 258/97) 

(_^l Ai^^)-c Jj 3 Aafil ^-gj ^d^)x^i*i ^ jJVWi J t^J^jjVI -il-adVI 

^-ujIj ^ jlx.ti.rQ ^ic. lajLoj Ai£l$U ^jj 131 I yv'w $.1.1x11 ^pjxjj 13 a . JuJidk $. I 3c. 

^90/220/EEC ai 2! ^ tJajljjjaSI cdij (J-ojJijj .^jjjjVI ^ 

c“i^Vil ^^dll jl cLpl^j aJ.1x-g jl^a (_£jd^d C5^ jl Iddl^j AJ.lx-dl Ad.l^dx^^Il Ad3c«VI 

CdldjliSI (_^jd^d ^lill Adic-VI (J-^jaid V l g *&\ j clddl^jj aS.1x-q »ll ^<a aJ^jojI^j 

^Igdll ^r’n.all ^ Ig x^') Idd! JJ 4Jnx-dl 

M : vw; Mi^ll Adjl«AxSI 3 j-<J! A-q^Luj ^addjj ^adJ O.K'ull ASIaaSI ^_a3 

^ajujd A U*Ud*a AddA jl A WS (Jj 3 tlddl^jj a].1xaSI Ad3c-VI lg \axs^ (3^J 



(Advisory Committee on Novel Foods and Processes) ACNFP 
(Food Standard aj3&Vi ^ j J! Sj^Ldl ^ Ia jj^ ^1 

^sll www.foodstandards.gov.uk dij jSjVi Ad^i jJijl Agency) 

OECD SI j WHO Ad-dlxSI A^k-aSI Ax>hi^x> Ajaj^jJa ^^Jc- i t.** iW'iC.I 

^IdijVI ACNFP SI ciu-a^)^. ^1S . aj.wl^SI aAc-V! a-c^Ijoi ^LjS 

Aj4^a^i\I j Aj^IuiSI lA^)d^)lSd J 1 ^ ^^Id^pj l^jli^ad ^ AdilxSI j AdSlLaJI j 



dl ^ ^joj J lJjjL^-aSI JpJijj c, fl.^..,i cillj J tAdjj^jd^SVI ^1 jaSI j Ad^)ld^.VI j 
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AjI A y.fu j 6-1 A-abt]! A-G^^LaJI jd -1 ^jj C5^ 6^alxJI 

.^li-all ^-UakSI ^9 j3 Ja j)» 

IjjI^jj A_ldL-<JI CM£ll (j-c Aa^jUt ^Jal “\a\\ ^jjVi ^j-o a^)£3 C5^ J 

<Lg^Loj ^ic. ^jl^SlI 3ldjl ^aJ j 6£.l^}±a. ^J. 3 ill A_a^_aj ^ali dia tlA^JC-j 

t (JJ x >> £jUa 13 ^jAi-ada-^l (J^3 (j-G ill ^3 jj 13& (JS (j* ^t> J^AJ .i-*llg*nu<all 

^4_i3l^ll CllLa ^lx-oll .vi34j La LJlc- <_£ All) i^llg’n^ll j ^alxJI S^laj Cj\ L)-^ C5^ 

^aJic* j AjI^*JI£ A^lld-a ^o&li-a ^ic> du *j j £-uj jl j Idixj Ji£l U-J^ ^<q11 

^Jl AiLjal ,^Mm11 ^Ac. fi^jJaJjaill ^lc> 6^)dll ^a-ic. J Cll^)l j£ll Jjo-a^. (JLda.1 j c_klli!l 

A **i,Vig ll£ A^n.wll dal jVq ill ^]aLd<o (jLAu S^lx-oll ^\\ Jj-oj ^ala-11 ^IJI ^jli cJjjjoi 
c_j^)jujj SjUuilt <-_jj£^£ Axa^^ill SLiaAl Ja-oj ^jJaLda ^joiLila jl 6 fldllujjj AjjI^j^I 

cill^pl ^2 (JljuC-VI <^3 (Jj-ajjllj .£cJj . . . A-ojjj.}]I Aj3c-V1 J£l jl (jjWlll j (J^ajU! 

l,A\\\ Squill dl^^All ^ij AJ 3 I U -0 ^ V 6 AjjI A m.Vig 1L AllxJ-a]l ^)Jal a\\ 
. <3£LoLa (j-® l^.'iC- ^jJaddj 3)1 3 ^ xn Laj 6 Aj\nll j A-ia-A-all c^lL L 



_jLgJaj C. V^ J ^atxJI (_£l^)]l £-a (Jj-alj!i3l Ajqj£ (j^“*^ (JjLujjll (jC* Lai 
<_$! jll dc- ^JJ ClaLo^l*- 0 ^)d-a-c 3 -dc- 1 »1 j ^La 6 AjjI^)^]I A.ajj.Vi^. 11 ^)JaLd-cj 

aJL^. \ kl \ "n j .A^aUI A ^-a^aJI j A^^llj A-ilj^^u^^ A_ujLu^.\j 3 ^°^ 6 ^aL*JI 



til^£joui djLc^Lt-a JLaxHujV A^.n.'i ^alxll dc. a£ 1I ^aldu! 

.I^JLaxIIxJ jl aSjsj ^ jc > j! 



6 LpajuaJ 



?uj jA La : L-iilc- CjLajIxaI) j-Jaj 2 . 3.1 

Labelling: how far should it go? 

jda^G A_LuiLud^j A5J AjjI jjl! A Ad.^ig, SL Aqla’dll U -0 

(JdA^aiill L_l^J ^1 ^jj 6^5 j‘W.^11 (Jjj^lij ^^ic. SjLiV] 

Ajalj a ^£3 ^-adjoJI g.llac.j (labeling) 6 -j» 3 L*JI djLo^Lt-a c.. a^..aj .tilli 

jl g'idll cil 3 L^Jjajl 6A_^.lj^J ^-^11 glvdll ^JC- AIa^Loj 

A>i3Luj (jl^ajJ*>l ^)JjJa^lJlj ^jjpoi! Ai^)la 3)^ fl^-*-!l ClaLo^l*- 0 La£ c^LiLqVI 
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Cll3l£ 111 SdLo jjj^J Lj£k&- ^^Ic. dl* jlauall (jl Jj£la3l (j-a liA Aj V . (Jjdsl 

• ^ ^ Q ^ AAX _X^3 A ^ \f^- l * ^1 -V \ A A\9 \ Vj t ^n„AI JjS £y& Usj^jLs 



(US Food and Drug <3 jail j Jiiil USjjxVl aIj^SI jl 

i_s!ic (jJb CiLo jl*-dl 1> ji£j V FDA _ j Ai jj*-d! Administration) 

»» > 

(jlj (jd_jjij AjV til31j tgrVuall ^ 5 -lc« AjIajJI Aijjjia3l (jd (jl ^rVwall 

^Ic. (Jj^aau j tAjjLuJI ^aiajJI ^3] AjtijJI A_iC-l j^3I A_iLo*JI jl Alj^lall 

^ A\\ac- A_jIj£ A_^.LaJI ^qVu cil313 t A A,n,g SI ^ja AlsI^JI 

(j-o (j£3j Adl.A*JI dUdi*]! 4-iJlc. £\\* Iddl 11 a ^jIj La1c« 4L_flilx3! 

lg x^') j’tijVI A_da*J (j^Lall ) (jds^) ^)Ijj (jl (^^>^.1 a^_^. 

AjVqi'l Al^)*-<i «kg (j-a (jli A_ilc. j c^AjjI^^JI A xjjYvg, 3l£>^ aAh.a AJliij (JLaxdiAj 
. dLyLiJI Z. dl* jk-*3l (J^ld (j-o (jA*-a LS^ Ajuaa3I 



^^31 ^Jc. JjV ^ 3 Lia l ddVI (jl.iL j-a^ (JSVI i^ c “ 

ciI31 ^3 .Adljjll 4 AaVig \b A 9 u^Aa'I AjIc.^/ 1 c_fl^Lc. ^Ic- Aj^dal j dLa^3j«-<a A_jIj£ 

i^33g“nn,all JlC-Lujj glla31 ^ic- Ad-ddl dLo^xdl (jli (jdxJI ^31 A_id3lj II cjl.1^. 
j)3 u"i.hj (j! c^Lo^LaJI 4 K nu (j! u* n^k .^^LuJIj a_^_»-a31j aJl^Ic. Vj jbaaiU 

t \\c\ u 1 Ja^yLiS 6 (JI£_ujVI I1a (Ja^J U-fl^x3J ^ic- Ajjp^dl dl* j1*_a3I aALujJ 

V (_^Ia 3I (jli tilll ^j-o ^j3Lj ^y-^A 0llLa]| ^jl -^jj 6^)Lujj (J<aVi ^y\ yiuW 

I -iL^j^l 4 : 'hW "tj Jajl^k-ia (JLihjj ^aJ ^3 .l^j^LoiJ 1^31^) 

t<jjl jj3I a »n,Vig 3U AVVtlll a_j ic-VI s_fl!^_c. ^ic. CjLo j3jj-«JI a_jU£ <-j j\ 3-1^31 ^jUjj 
-O.J \-aa j . ^c> (J£jau ajIc-VI (^1-^3 A-jj)33^x>3l djLo^x^l ^Jj AiLjaV3j 

^3 ^tVmII (j C- A_xa^3jt-<i A_jI (jAAi (jl ^ i*nj C_fl^L*JI L_J jj£-a3l (jl ^hill ti!3j 

j)l jl cAj^jjoij jl A-ijIja^. dal n^s (j-o ^c_d ^Sc- l^ll Ic-^jJaj-G 

jSI ^jjjjS/ 1 ^"'Vl (jSlj .UjIjj aJ^*»o <iik l1iUjI£ l _ s ^ c - iSj'' ■' kA^Axil ^iidl 

(jjlatsdl (jj . A1 j j aJ^og gjiall e-lji^.1 Aic- t_sA*JI ^-Ic. o j A)/ 1 4 _iaI^]I 

UiAlgJI JLutlujI ^1 (j_yj ^1 j ^jluJI ^IjjVI U.'T’g" 1 " JU-o 
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e-Lk. La^i . Jl La IL&j t 4 aK‘. JaL JiljliJI ^LiiVI i ° Y .' Llljj 

LjIjj ^iLLa e-ljjj (jLuoJ jLliJt lilLLlal Jc. JJ-aaJ Jtg'n.'JI J£ ILI" * ~Li'll ^3 






J^- 



(j a ■LiSlS 4_La£ jjSjj Cy* ^j Lis 4^-LlLaYI jl 

.LliJjJj jj^oSllli 



AjLc-LM dll ^ijoi <ja j!i£l j j jV I I ^-Ia dii! 

^1 ^IaII l.g jlc. (JAjujVI (jl IaIc. t A x.^l'1 ^Jc. O^Aak lAjllic.1 ^ic. IjjIjj 

L_fivliJI ^ic. (* dijj (jl 4_IaJ^)jai ^LajuaIIj (jdljii]l odA (Jjdsu .AdiS^ j)£j 

vJVv) didaJI ^alJvAl IdAj .IjjIjj (JdscAll ^IHaII A.ia£j ^ jj (jc. 4_^_dalj djlAjl*_A 
<iJVI djbl jj^JI j ^ jl ja^ £Ajt jjaJI L_alc. I^jS Lqj Ajdc-VI ^1 jll <J£ ^^Ic. 

. Id^. aIiIs Uiljj A_ld*A]l S^LaII a_ia£ ddl£ (jjj tAJjiAl! 



(jc- (JSj VIa ^Ic. (jjpVi 4 y u^a\ 1 Ajic-VI j)A AAaIIj ^istJ-uj (jl Laj 

(jj Vua jj£I LJL^. (jlj,n*M (jdil]|j Ujj^all j ojdll j)A 4 >^n\VunA AJ jl o jIa (jjJvlj 
dill C_flvlc. ^gic. dlli Ajll£ jpi dj vis O.WiaII CjIjV jll ^ LjIjj (j2dx_A 

(jC- 4 .>iU"u i j/ I A_llc- C < I'N jJJS dildj (j jjoia]! jl ^.lx^aA.11 LoiJ ^ai lil j . dj 1 VViaII 

AjjjjaII aJaALJ! djlfliill j dJjjXA^all JS (JaVi £_a tAJdstA jjC. (_£^klj jIjaI! dllj 

djlxJdll (jl ij t (_3.uIadSI Ale. A-iIaC. JJC. Igil VI "HjixA djlxjjjaoll fidA jdJJ . dl3 i L5 ic> 



^gJc. Jllllj Vi J 0 a1a 1I ^Ic. Id^. od& ^3-)jJaJ ^Ic. <JJj!1a]I AjjIaII 

jladVI (j] .%5~3 AjjaUJ 4 9 U^1a\1 ^LoJI jlx_ujl ^-lijjl jJJ tlua. ^\\^**UtlA\l 



^)Jjldl]l c-Ljajij 4 _a^ djljj)* > si (jj?$ 6 'jjiJVl a \ 1 (J jdll ^aJiiXAj ^ ~U^)S 

5JdsLA]l djlljl£il 4 .a>iAL1a 31 ^JaC-Ldall djUU^J! I^j C_i]l Wn ^ 5 -^^ AjjIS^I 

(Jjdsu (j! 2002 ^aU! ldl£ Aj^IaI! A_ixa^JI c** ^Vnxtil dij IdA .IjjIjj 



(jl J! .Vvunj V ^j| jjll Jjdjdll (j-° 2^1 aa]I L_flvlc. ^Ac. cIiIa j1*_a1I 

(JA Udld LojjaIa LijIAc. 1 Jjjy’l j! 1 jiaik 4 _ia1*JI L_3jL^1i]I djj^Jal lil Vj ^ a\c. 

Ia IdA .JUJI d-is jll I^Sa d ^. jj Vj tl^Aoaj IjjI jj ^JdxAll SjIaII 

(J£jdj V IjjIjj AJdstAll AjAc-VI (jl (j?\ to. W*1 a\I A<s\aa\\ AjSIaII A j* A^fcll Ldajl 
jjA jA^I todjdC. (j-aj^-Sj JJUdl IjjIjj (Jdx_A]| pldiJI ^.da.^ cs^C. I j)*vs 
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oL^aVI loj ds cA xnU ^jjc. Igala jjja Ia 0^. jj Vj cAjOc-VI (j-o Iajjc- 

A_1oxa 1I AaOc-VI (jj ?dlxll £ I Oxll ^)J3 jl (Jlxill Aatajll aOA ^)j0 (JJaxO Jj 

c t * 

Cal£ Jjjj (JjS j)A l^ij jjojJ J 03 j AoIIajaII 1£j jaI J jjid (JSjuaJ Ca j J a 03 Lai j j 
Aalioll &0A ^)jjaj ( Jc- £ (jjAXJ (j^oj^JM 1 a \) ) d-Cajl aJj^aI - (JIajoi 

(jLuij <LoJj-dl CalxJ^jaLllI &0A (jlj (J Jll (jjJ.Vl^ll J (_£ Ol IaA tAoC- JJI 

03 j . j ^3l jjJ 5_jLa^J aoIIj (jja o^j^a tgVidl c_fljLc. Jc. ciiLo J xaII 

(World a-iaIIx!! s J,v*ill aaIxia ^IaI jji plc«olj (jjjoi^ll j J^j^aVI (jA <J£ JS 
I ooc. j! J i^Uolc. 5 _*jL^]I caLu Jail 6 1 a J (j^o* Trade Organization) 

(jjolj Aa^a AojI Wil ^jial dlg**UnAll Aa^La aJLaa ^ Jaj ‘CajJjVI CaLa J^ll j)A 
t Jjjj -lajJaiCi j)A ^Cia ^1 UaJj-sall CalxJ^Jall oOA Jj L_fl^)3U (JSlli .AjaIc. LjljjaiV 
Jxuil Solaj Jj A_^oLall ( J £_£Ojj I OSxa lojloj jLaC. i—iUa* *n Axlla jjaj Jjxx^a £a 

. dl JwaII j JuaII Jc- ^)^)jJa3lj JJI 

j-kJa ja (J x\'ij LaJj A_1 oxa1I AjOc-VI 3^£» ^Jc> CjLq JxaII £jJaj J 
Ji JsJaII (j-o .A_^j0al j CjLc Jxa Jj Oiuaia J j ^)J^)aj J^.Luj (Jo^. 
(jc. tCaljliill A_x-aLk j cAjjIoxII CjUjIjSJI J?*a ^ i^raj J ljjJII (Jj31uia]I 

OjI JaII dlxll JSLujI £ I Oxll jjjLalj ^5Lr\..i dlo j cAjjJJI A.jqj^JI (jjja 

(jjcJ j-dl ^LaOjai Jill A-jji-j.^H AaUlill j)j-i J<^ j A-^.1 c_fljxj la^C-j" .^aAJ^C> 
."Ao^Lill (Jj-lll ^3i A_x-al_^j l^xll ^3 jL^. (j^i^ \ cilloA jjLija) i J^l ^^j 

Aa ^}-q ^ill JlJJI (Jj-lxllla AilxLall Cal Ja^Jlj Ji^ol fill (J£ £jJaj ^aJ J 

^n^ii (J (jj .(JJlg (i S^lxll (J^ Aa jAaII CaU J xaII <■** v^ar^l ^ "\\ a 11 

dli x^iVqjj ^(^JjjVI cl^aVI ^-UCaC-l (J jdl (JS (Jj 3 j)A Aa l_aJxa _jLna»Vla 
^x-iCaj j)A Cj V dial .^jic-V^a ^ u^iaII L-I^Ijj 6Aa JxaII ^J^ (J^j-^dla dl^lx^All 

. .nWi jjjjaj L-OjojIoa (J^Lluj i *1*1 a 11 ^Jc- A_^jCal J! CjIa JxaII 

c. I Oxll Cala^Jj£j x a! ^.l^adl A_uA ^3 (jjx^i^ aII j)A AojO^. A i J CoaIo 

^lojlala (US Institute of Food Technologists Expert Panel) gAo-^' 
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(AJiljjll 11 ^l) DNA SI <■ . u wAj (Jajoij ^jJI AilSjll jjjlajj A jam ^jL 

1^* a*vn a H Jul (j-ojjj tajj^jda l ^& el .1*31 ^Ijjj 

. (Ja! 4iiSj ^31*31 ^ 4 j ic.1 S jSj — 
dlLld _gga jj Jl 3ildal tdjLLliil Alil.l*3l ^ja3l (jjjoi^J jl jdjjoil — 

.La v. _ 1» i a ^3 (jgxxi jjjljfr J . .n ' T- (_)^aaj (_paJ_j*ll3 ajjljj A .llj^s 
(J_g3al ol-al i.")' )l.aC. eLlil l^JjLdaj t _ 5 ic. )A1 Vl jl .>>-s j <£ljij — 

.(Improved shelf-life) 

QnnVn ^aLujJ i. _ nil > nl (jjgjla (jc. AlC-ljjll Jg».ol all Aldiij (jiutaj — 

.(Increased yield) a^I^VI 



4_iAi3l (Jj.l3l Aj_jLallj Addall jjc. Aljall AlC-jj (jgmVl — 

.A n^rs Aic-ljj Ujj 

dll.ll .>>.all el.ll jjjm-dn lilljj Alulli lijj j!i£l Aic-ljj c_ nil »nl _gj_j3aj — 
Aijl jg*dl dlUlaill AaJla-aj tLgJLudU ^3 A a ilolt (jjjjsJI .lid y. j Aj j > : »i-vll 

^Lii^l (j-o (Jjl?lll JdaSl JfLuU ^^jdaljL/l (JLa*!luilj . _j^da jjll 
.(Rain forest) Ujladl dAjl*31£ Aajlil! AmJI aia&L/I da! j 



JJC- 4 -sVull Aiic-SU (_g.ll i^ilaVI j (_ s Jgdl __>ia2>. L>“ (jjlsJla (j3*aj Lags Lai 

.Ig a .all el^>a^. Au& ^3 (j_jaaL-ei^.V 1 .133 DNA 11 t— ndlaj Aljg*\ll Ajliiill 

US Institute of Food Technologists Expert) e'Li3l U?. j3 ja£i3 ^£j^VI 

:U1L1! djUl^Vl J\ (Panel 



l$3 e'uaglj tArnll ^^ic- IjJai. (JSLua V Ulaall e-l^a Aa.Wlm.all AiicNI yj — 

. Ai.lilqll! (ji-sg'lll Aadxall AllC-LM (j-a _ga£l Ajaui 



A_jl_3 )31 adLuA j t (jj)» ’ . .n -allj ^jjVVt^SI j iCjLiiSlSI ^q!1ujj ^jl i*nj — 

Laj Aj.l^k!L^'l AjjI« 1 *JI jI^aII A-a^Luj JjIIaIJIj ^J^-ulJlj 

.DNA SI l_lluiIj Ailaj tdli ^ 
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ajlijjaiVI ^ 5 ^ JjAJI 4_i3 Laj a*nI -ic-Lujj 0 a!^)J 

.DNA SI c > n > m\j 3j13j jjc. a ViiaSI aavL^S' 4_jac.XI aj jIa^taV 1 ajI jill 



Policy making 



A-ujLu-u kjhVi 4.1 



6^)ajjIaa 4j£.I U«oll (JaIaSI A kkl.Vig II (JaxJI 4_ujl_ljall 3*ij3^Vill jjIjj 

S^j-^Lia]! Clilc.j)A^ a\\ 4_ia jaLSVI dllli^Jlj t^C-1 n^nll ^UakSlj (AjLa j^^SI ^JL-aaj 

^_ujL*jjI j<; ku \ ^ j-^-aj-aSi jjV (^LiLiSi j <Ja^]i ajI^ -ixj jj" .ajaiH 

4-Sa-ujl^J (JAslaSI ^.TvaS! djlaj-saJ ^LtJJ 4 _ja j^^SI CALxj^JjoiaII j ^JaaSI Clljl^ IaI La 

* 

CliLiiSill £x (JLaJI jjb lx£ "?Clil<utlujl jill Ig.jmVi ^\ tDNA II LjJJjjjIj 4jlsj 

4>- SjAall jliii.Y 4.;.J-ajl ,_K i 4_jj'j_jll 4 i,i.k'g\l ojjjj j3]i juliil' (jli 4;_j^>ikVI 



ja! q : < — Aac« LaI^I jjjUx j (Socio-economic) VAl^aji'-Vcloij ^xVix JUd 
31 .^jI jll jUxJIj ^^xdi lx j j£iJI cjLoUJI jjjhll (Socio-cultural) 

4_jC-^il|j 4xjLx]lj oA_jdl jjjlaxj (jli ( £j' j]l jlixdl) o^)£ail oA& (_JA. ajx 4xxiillj 

S 1 ' V'-aj 4 Q ’"' 4 Al 4 ; 1i wll CliLiiaiil jx jxlSJI ^)'-4. II ^ ;■ W'\ l&A^j 4_}Sl£ jjc. A*j 

.4_iid_jkV'j 4xc-lx'WVl ^11 alc-ljx jx Aj Vj 



jx AaJi 'j4 J^ IjjA 4 _ 'a V' jjAajxl 4jjlsxllj Sj^ail «A& j) 

4'‘ilqnhn j£Sj 4 ( _ s lm]lj J' •> xlt ^gi 4jjIj_j] 1 4 m.Vig II (jji Ai 4x.jxu 



jjAlxll" . l*Jjxu IxAij CllA^-xj jjIjj d ^ V" - j J4^JI (J1 -s xll ^ 4-jjl jjll A >>i,Vig II 
oAA l^J j3 j AjjS)!\j (j^ij-t Sinll (JjLuij jx Aj1_jsJI 1 j(iVi jx 

SaIx lillxA AajIjj]! 4. >»i.V'g 11 4xil3 4~* 4 I -sVix ^glc- 4llxV' j-o ."4jjAaJI 4 jjj^J 1 4jlioJI 

jjxjij jjill ^^jxll Jj 4xxi]lj Ao^xJl (Erythropoietin) ujjjjjJujVi 

jA, xll 4^ uAxll jl IxS 4 jj£xu]l ^^xxj^jx! jjJ oALoj 4 ( _ s JSL 11 tj.4naj 

J (HIV) 4, uWl ^gi-Uxll (j-akill 4 <ig x (jxal^xl (j^>_ 1-4 >’»"' (j jia 



Jaj jx gjUJl 4j jhJl 4 ^Lxj lx 4 (Hepatitis viruses) jAAll 4 _jl^iiyi 
Bovine S' ^.xuixli jxill j _jxja ^lij] Aaa 44 x 4 ' jjll JU-a Ixl .^aJI 
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iAjuljjil JJ qa ^L-bjU-a (BST) somatotropin 

(Chymosin) j^^^ ^jaJI ^jjjVI aLjUI jl j^ ^ 

4( - 1a1^1I CAaa-aSI jl£ Jj tAjJaJjiA AjI jjAj cillAj t j.ii.V.1.11 Aic. l_liL^JI jlkj (_£a3I 

CAIaLu^I jA 40-45% ^ J*a» J AjjIjjII A^Aig 11 Aia-ujI^J ^r ViaII jdjaj^Ajill jl IaIc- 

£jJa^ll ^ULVI (Jj»C» jA jjJ^ylA jC. ^LiilluiVI ^aJ cillAjj 4 ^£j^)aVI j^juJI 

. ^ajjjVI IujV JajcLoA CAjl£ 

^)Vlll J AjoiLijoJI AjAd ^3 l^)jA £jl^)Jl (JjAjSaII C > \* Ijul (_£Aa ^1 tl^I^.1 

jjiilA ^^ic. ^jaAajAll jl V ?Ajjl^)^ll A AAl.V ig llj AII^Aa]! A 1 Lull j A_iC«l^)j]l 

JL^aII ^ AaI*JI l Viqm A^.La»j Ujji tA-Jc. j .A_iaAVI ^JIj Jj^ia 
jjjuVi^A ^^.lc ^-*^1-^1 AajjUj jjj jl jA ^LxJI gjl jli Aj V Ajoiij CAS^ll 

• SA&xajI dll jY^MI ^ £.l^)A^j 

Areas of significant public concern JjJS jjjj 5.1 

AjJ^aJI JLuAA A-A jIIa] A-4ajj| jil Ljlii^Jl 1.5.1 
Antibiotic-resistance marker gene 

aJUa caIa AjjUiSI L^Ldll ^J aja^JI cAj^aII <JldAV aJL^JI AjVqlll jj 

V Aj cAA^aII AjlaJI <^3 AjA^JI c ^ 1 A'ijaII CAj^aII jl j<£Lul J J^^.A A g ^1 oAj.Wa 
£. l£ijl j jjJAJ ^^3 Ajj>* (A11a (jSdjj iLl^Laj! jjA Aj.Wa A Ac. ^3 V] <A11a ^aJJ 
^J| A, KAiaII aAA ^ 3-iVil .^)3 Jjoia JlAu AjAsJI CAjjaII Ja^A ^lill L£AdJI (Jjc.j 

"^jajlj" CA^ja (JLaxJjoiI jC. ^✓ai^kxjAi AjL^la ^aJ tAjifl ill eAA Ig g >' 

CAjjaII j-^al ^aJJj fc (^ dc Ajja jl A-jj)j.^].l aLa^a <ajL4a£^ A n» a A ^Ja.~^j 
L^ ldU Ja^3 ^AjoLj Ia lAA .A-jjLiill A-jljJI (JIaaVI Aj3 AjA^JI CAjjaII £A ^ajail jJI 
jaIj jl jq’iuA J£AA ^ujI^II CA^jjaII ^a AjA^JI c ^ \ Aj J^aSI CA^j^aII j^.A ^^^11 

JJC. Liildll V l a All ALiJaA ^^Jc. ^ ■^ ajuJ J L5^ 

(_^l l ^ \* \) V aI a^a! ^jIaaII ^jujI ^11 CAj^aII jj .^aa]I jA I-^aS L-J^C^aII 

<a,ujI jll CAIj^j^a]I ^>^1 Cy*J .Lpl^jj ^AxaII Alnill Ax^l^jj 
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A-ajULa ntpll 5! djLjll J^L^. VL^xilu.)! 

jliilL .(Neomycin) (kanamycin) <j^LaL£ ajjj^JI 

AjL^)ia5l 6^A JLa*Ilxu! ^a^C« C1 iLg^1*_a]I ^Ic- S-Lj ^jJaLLI 

.^jLL ^LjV ^OA'd' 

^j-c JSjjj ^jl ^jail^ll Ja ^La <joiij ^ ^)Jr3,.),xjj JlyjaJI 

aj^_^-LI ^.L^M aj^-^-LI CjUjIHI ^j-a jl IjjI^j JjjcaII ciAjjJI 

(AntlblOtlC Ajj-^.51 CIjI jLk-ia-a A^ajliLa ^3 a jL J n^n Lua c^LaiiV! ^L-al 
Ij^)jj£JI a-gjILo jI ?LjjI^)j LLj ^1 i_ij«Jill ^ resistance) 

i_JJjaill (jl L-llcVlj ^ oj^)£!La o^)Ali=i ^gJk AjjdaJI d-ll jl >^-i.al 

vil] j ^_ill t Ijj n**! ill (jjj A_1 j)J 11 jlda-al ^jlLall Cj jyJl Jlilijl _jA dlljll (jjLuiVl 

.djjaJl i_d=u> JU*iJ (_> ^jUI! (Selective pressure) «.laiiVl laid uLc. 

^2 J_j^_ja 11 t(_g jj^»ll jLdua] ^jlLall ^juiI_j]I Uj_^»ll (jl (jVI 4-ilxJ d 1 l"l1 jsJ' 
jl (jldVI ^gi J-“ 4_p. Clllijl^ ^gJ] Jilil 33 tljjl JJ ^d-all dtjUill 

^gi f -.hlll dJ-la. 3al .AlAldlj V (jl i_l=>_i j ‘Jj^ x^a^Jl cilL (j£Jj 

a_axjj!j]I CjLj^LI (JLajcLoi! qc- l *q5?A1 ^cj^)L£ 2006 ^L*J! 

aJ! jj (jVI Ja*.!! Lo£ . \ a1a*iLouJI Ajjj^J! djLLia-a] Aa jILLI 

^a j . Lj!^)j aJ^JI Jd^-aL^-LI £ja Aj^i^JI jl xsia\ Aa jILLI <LoxJ ^51 C^Lj^LI 
A-iaS j dAj^j^LI cilL aJIj) ^Ic- .ic^Lajj (jL 

.Aiiiil! ^Jj c_al c-j-uay-oll DNA 51 

Transfer of allergens cj! jAa JU13I 2.5.1 

(Food allergies) a 1 (j >» » \\ A-LaiLutaJI jl ^,^>.^151 

a ^3 (3-^ A ija ^ 6 ^Lq AjJa ^£.L1 a5! ^L^J! c^5^)^jj Leslie- 

^jjj jjJt ^-<a .1^...^ Mxa CjI ^jjjj^)jj£jil£ jl ljjjj^)j 

0 -^.V I? JL Ji-Lj IjL^ Ajjliiil a^Lo^J! JILj .(Glycoproteins 

Cy* j5-^j l 3 -^G (Peanut) ^LjjoiII (jLoial! ^ 
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taU. \ niurtVi lac-lio CjVU. l-uuG ^Jlll (Tree nuts) aJjUII 

U3h jjji ^ILd! lSIc* ^ CjUjkJ! jli A_ik j .(Anaphylactic shock) 

A»g_^. (j-a • ^jl^jjjall A_t*aL^.j c CjIj til L J 

^Jaaj ^nilil! ^ic. a_iSIc. Lijl^jj CjIjIuII (jla 

i utij ^5 La-a t Ajjlf II c_fll lx^aVl ^j-G cilljj (Species) ^l^jVI 

iNj's tip! JJ aJ*1x-<jAI Ajic-^U A_iaLjal Lujj SjLc (JLkil 

4_1-1*-a1I CAjLuII (jLudJ ^£^)jjjJn]l ^ is! . L^Wy'u^^U A_njjLuj^5lj i ^ lunMl 

.(jlla ^)^.lj L»,a ^jljj (J^^^SS 6 ^)Jd-o jl (JlSljl .l£l!i3l LjjI^jj 

IjjIjj ^.Aa-dl CiljUiU (jj^iloll JS A-ml ^aJ jS j tS.Vtex> A_iLgC. £>1a <jl tiluj ih 
(jVI (J^-jojj ^al AjIj (Jjii]l c> ^ V l^l^l . ^ j> x.r^ A_loAI ^^jJa^dl g.lJaC»V 

• DNA SI CJJjoiIj Ajlaj (j -0 A_^lllj ^JjJjglAJ.U jl^a dlVt^ 

6jj1a1I c ** )\ \j\ j^)JIj ^aj£j A_ij jjj£]j CjULij .Ac. I jS LJt^. jjj 

^uaja. jjAI -lil .LijIAxSI j| ^aII ^Ac. l^JLk-A .lie. ^J^Laua t < )U>i' A3 ^liSI jl A-jjail wi^kll 

daljl j)j*sll aj-ixj] StarLink™ ajuAj AijjjL-dl IjjI aJa*-a 1 I SjaII (JLoxjjjoV 
(dal j /^11 (JjIj ^jaui (jjj j^>j) Cry9c (Jjj j^>JI >a _^S tilli j 4 ^ jjouSI cilil^luiVl 



^.Ijjl ajjSLxAI j)x^n^fcx>\l I a& a_ia£ 



& 






(j^ j;'^ ^lc._)jlj (Jja. jjjI Jlil .(_g^)i.VI *■"'' 4jlili.Vl 



j£till l ^s StarLink™ i J- (j-a aLIs CjLiaS -~~ > . .■' Lo^jc. Ltiljj AJ^oall 
^ (Aventis) c^Ai\ a£jA j j^Vl jlS Jl jLjlljj -Taco shells 

-^11 (j-a ^L-Li^al jl i^ jLlll L-aiik^JI a j j]l (jx ellL^lia 

<llkj Cxali lillj _jjj ^lc' . (J^ /tij x>ll (Jfc^iqll j (J jjtll j t\VAl 

^Lat^VI (JLoxILujI ^Ic. ±a!ju tWi jjjiaj-i US FDA Aj£j^oVI ^l^ill 
<jjtLo Cry9c —SI jjj &UjI a^Iu^JI (Antibody assay) SjU^II 

. l jjj J^ll I^J Jaijj-G ^■ujjoiafcJ (Jc-lij dsj^a. ^a^c. A iSI clljl£j cA_iajLja c” A nar \ 

Aic. IjjIjj a_Sax-<JI cijljLijSI Sjjj-a 6 jjoi StarLink™ SI Lo ^j^l j 

ll^_Lc 4 A_a^-c ^-LkJal J-O O^c- ^£-Sc. P J)).^SI ^^g^SI CllS ^11 4^al_xll C^l^l 
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Aj jLdl J aI*1xa1I jI^aII ^Jj),x^.vl A-IajljJal! CljLsu^)jili]| j ^JVill (jj — 

.Aial j Vj a^Ua S.w"u\ 1 diLV jll 

JjS L£!jj aJ^aII CjIjLu]! (Jjjjjaa JaLu cilLiA — 

• jl dll£^)jjd]l /j^ajt j 

^jjc, LjjI^j aJ^xaI! CiA VVia' 1 c . llW*n aKjuia c^ILiA — 

.Aj£j^)aV1 S. WiaII CjLjV^I s-l-lxl! aLoiLuj (JLaxILoj^U A x^i^^aII 

. t_J J jl -1 a| Aa^Luj ^ja jStill Aa — 

^C»l u«oll ^Uakl! (jJaIxJI ^ja ^jj>ojj1i11j djl^)l^ll CJ^LujI — 

.Ajjj^JI AilStf! ^)£jja3I 

.^Ijjll (Jj-lxlil! Ajlij ^ ^-lLui.11 ^Jjtil! — 

Ia^jjJj t ^jujj LjjI^^ aS^xaII CjUjI£1I ^Laj 6^jI*J1 AjjUJI g^A (jlj (JaIj 
^ tij! CjISjj^ ^Ajja^JI ajISjII dil£jjai ^1 c JUaII I-i^j aIaIxJI CjIS^jaII Ijlijj (J£juj 
(JLaxIaI ^jAjJaJ .\)k'\)j A^I^)a]I ^Ac- ^JJC-^I^aII ‘ JJ^' 

tS-LixkVI c*l]j jjljfil (JL^. J . ^jIAxSI ^lUjVl Cill jAiA (JS ^9 A AlUl 

.L^ijjjjjjj UjI^jj aSaxaII CjUaidl (Jy^UtiA ^Ac- 1 l^)laA. cillA (J£jo>Jja9 

LjIjj aJjixaJi ljIjUiii qa jAWi juiji j jLuluI 3 . 5.1 

Pollen transfer from GM plants 

Jjia IjJajl cALiAj iLjjl^jj aJ^xaII AjAc«^U A i^kj^all Aa^LoJI (jLij (Jjls 
AjIa* II AjujI^)^ 1I diAJ jS]" .IjjIjj aI^xaII CjUjISII A^jjj A_mj L_iJjajj]! <ja 

J^xaI! diljjll ^Al L-fll a^aII w Cjj^aI! JUiijl (Jl aA^J cJ_^ 4-^' vAIj 
ILLuj A Vi ia\ 1 (Jjj^al^kA.11 JS jljJC-VI 03*-} Ij^I lij .A^-UjaS! A^jJI L_flllx-aVI 
3j_^)Ja ^jc. CjIjjja JlSiijl Jj aLJ ciJljA (jli AJ^.1,11 

A^J Aj^aL^. CjI^IjI^I j AxJfL ji cilli ^ja ^Ull CllUjll <jV <^11^ j t^U*>ll L_l 

•"(Wild plant) t-jLic-VI 5-^13° ^ 5 -^ j-^ j 
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(jA*Lil AALllSI (ja AAlJfJI jl AjLoiC.L/ 1 AAlAjAa AajlLa AAj y, Jiliii (jl (jSiaJ (J& 
jLiliL/l j JlLLI Jc. AjjaSs J SAbj I nn< JjLiAa aIu^os jl AAbj Jl LLIjj 
jjjja j)C. <.")' n Jl JLjj La IjAb Ajb (JjiJI jja Aj V S*^jLj“i\l (jc. ^jLi. JlAA 

£_jJa Jl jAUallj t A j a! j'icvL I i ij Jail ^3 aJ.L'iLI AALIJI jjjj JL.II i_j 

( Jag. LL . (JlaliV I jjc. aaa1& JjL/ a L/ aI t Lul j j a3 a^LI AAbbbl ^-a a . .L 
AjLaLI Al^.b]l jja jj j ( b Jaj JL.II c_j_j±Sw jjc. AAbj ^bi Jlbjl AijlSLal ibbft 
.4 ag a AAlxJJ jl Ja J AjIc. L-UJJJ V Jl£jj tlAa. Lbii-ia iAUa JLibJ j) jJ 1 a 
AjjjJI J l&jAiij J Jill bjljj a1a*-LI AAbbLI JS, (jli ibb (j-a J. Jbj 

.iABa Aj£1a1 (JjSA JSLaj Ajaljb 

Pharming 4o?tf.Uuall 4cl jJI 4.5.1 



(jc. a] jjaaa JjAiA AALujjjj £rbjl Jc JaxB AjI jla A^a. Lb* 



A la unit j>a Jx^_) La JJ jjjj SaIc. Jl J aJjjj Jill t a bl h Jl 
jAj^abl jjl£ tjLLI J . jJjaaj'JI (JILLS I Jjjjoi Jc. tAjlj A'lbaJ I g >.-iH Vn>il 
A m.V'g II A-a tbJU. . Jl A J jA-i jl AAl^aJI cljJaC.1 jA AAbjjj^JI iA\A ^.uibaVI 
AAllijj^JI lillil Jgaa ^bjl U^-°V^ g. u -L AajAall (Jjall Ja-a AAk Jill AiijljJI 



(jLajJ Alb. jj-a J j Joiall AAj jbi JL JblA. Ja aUa Jjj .cAjA*. -a ^JJC. AAbaJj 
I jAli (_g jg -s-all j)jlLI h^ii 3 tJailuiLI aJ Jg >LI jjjlLI Ajli. Jl ^ALjK Axj) 

(JLi. tLaLL JlLI Iaa jjl - aaI -^1 I aamULSI aaLiaLL (jijjjJI ^LijJ Jc. 

a.LjaC.1 jpa aJ^aLLiLxuV I “ULa. ^3 (Ja^aaA AAjlL Jjil JLI a Jaiall Alkali j>° 

• AAl jaVI 



j)C. Ajj^/ .\u^» aIja ^Ljj _^Asja a Ja*. II AjAsjC. j “jLij ^uAal jLI JLI JaJ 



AAVAa-LI Ac-ljjll ^LUaa^al AjIc- Jllaj c^aII iA^ljjll AjjjLSI Ajliill Jjja 

J J jiLI J 1 . a Aoi-a aaL A x^a aI ^ a Jrn ILIjj Ja*LI aaLHA .(Pharming) 

Ja"' jli Allc-j 4 AjAi1L1I l" il ;Va'ill jjjja jjfc AjilaJI Ajliij^JI Al jLI ^Ljl J ^>aasj 
AAl ^ajlLil Aiaa.lj]l jja ^jL] j . ''^_*al j (jLlaj ^ lt~- j Jg - a I j^fLua 'lLI j j AJAjtLl AALLlL 
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.** iIa^umI I jl dlljj cAajI Jxll Aa3LuJIj A Q lx a a j c_ij jL^aj 3^ 3LlA 

. AijV Jjj-all AC-l^j^ (, Og ) ^jl^_jJI (J-jJ*MI ^9 e-l-lxM JxaII CllLlill C_flLix-al 



^k u>^n ^LuaVI (jSS j caIjIa ajjV.^u^II <c.ljjll CjIjjS j (jlai (j] 

AjjUiaII SjIaII 0JJJ (jl (^i. 11 L_Lu:LL<J! dlUilt jLii^.1 ^^Jc- jjJaL^JI Clsa^ll 

. Aj Jxlll ^Uai ^ (J^.Jj (_£ jS dAjilS dj ^1 (jjJ (jA 

LjI jj AJjUudl lj! uKfl £ jdaj-a AdfcL^I j A^IaaaI JjLuua 5.5.1 

(u'j^'j 

Social, moral and ethical issues with plant and animal GMOs 

<Lg^LjJI cJ_^ IjjI^jj aS-ixa!! dAjjl£]l (jldu 3^1 (jl£ AjIjJ! 

^jl^Lkl (_£ jOula ^Ic. ^kl 3!^ dltlA ^daL^JI djj jB (j£]j cAlnll J (jLui£}U 4 )~\ *^n\l 

3^1 djl jwi wli a jjaSaII (jl . J^Sll jL^jl 4 j\ac. ^9 c b ^c-l AW I j 

CjIjIu]| 3^ ^ jkid; (Agrochemicals) Ac. I jjfl *La£ gi lWu 

jLgjjjujVI <il£ A-ilaxi] AiJlc. ^LjjI 33^ 3) clAjjij ^Idjjj LjjIjj aI-IxaII 

(jjjll (jjjc.j3^^ j^-^4 L^ljj a!jxa]| ciiljl^ll ji>^vsj Laa tAiaAlJI 

4 Ajqc IjjI^jj aS-IxaII CjIjLu]I jjjj (jl" ^UjVI (jAjj Ajc.I^j3 (3-ujj 

^jjJI ^y±i\ dAS^i 39 (j-o ajjIjjc .1 Ajoi^jIaaII ajA j£]j . IaJ^j (jl ^*3 3 -dl V 

V (_£^]l (FI hybrid) JjV I (J^aJI (j* aIi^a ajladll a vv^a'I jjjJI (jli cAaIc. 

(JS ^9 d_ll£^)jaJl (jA ^)jjJI pl^)d) ^Jl A^.L^»J ^'^jljAll (Jx^J La (J£jAJ ^)jl£jj 

V _J.19a lj Aa I J J J^)A (jAjJaj A_Aa*JI 6 JA (jl . L-JJ)U->a\I (Jj)i.^TS a'I luj ^_UJ^A 

Ipljj 5 JAxa]I djljLAill (jl^ C(_£^)^.l A^^. (jA .^)jjj]l aJA 6 ^)aTujJa'I djl£^)jali] 

(_^^JO^Jl jLjaA a-l^jd Lll£ IjAJXA ^33^1 3* ~>^ U^* -0 (^5 'J d ^ Jj mI ^LojliA]! 

tA^li]! Jj3l ^ ^ jl^-dl Jj9n>n (jl ‘A^iL 3^ djli^iill (jA Lj^j^a^k 

. djt ^ jWi\l diL (jA t 33 " u * i<c> ^ j 

^a c ^c.Ia1^.I jjjIj jj (Sustainability) ^1^33 ajjI^IaVI uj 



cjjjjj .(Sucrose) JjjU! ^ 4 JU 3 dJi (^11^1 

^Ai-adll jl nil j L.l<uta§ ^j-c g it*all jUI ^^joJ tillj ^Ic. 

yikjj j ajjL^aSI c-jjjujjj jS U-o c (Sugar beet) 

t_liiaJI SiLj jA JllLa J JjIaJI jl^j] ^gi dAjjxj^aj 

a >.k\X\£ \L (BST) ^-dll dAj^-a^j ^l^dLoAj ^)12LV1 Cfl^ cTAd. 



^jj .^joiSti-all ^Ic- ^^xl j\x *.s-x\ ClA-i jx ks~x ^ Ik L<a I^Aj t4jjl^)^ll 

ilidVl O^J tLill-^ S.VvLall dlLaV^l! <^3 4_ix_i±la 4 -uj^)L<ia]I a^A 



. Lg_llllaj £_Lo J Ajuj^LoaII L_a3j ^gJ] Lill^ ^gJuaLj 



*l.i*JI ^tlj] ^ Ajlajl! jLiajl J £3j2ll Cy* ^ V 

liAj .4_LaLi]l ^^3 4-x-aL^. ^all iLpJ tAJUaj 5_l£juLaJ ih>ma' 

Ijx . j ^^lll dAiuiaJI j dl jill JjjSjjll J J^VI ^.tlul <ailk-Q ^j 3 j ^jaILc Jdldj 

(JaxJI A-addA! (Jjd! <■ , ^ A_ilc* .^jLuiaII Aj^jlLa JSS AWdl ^ic. 

l^J ^g-Luili tillij tA-ilLAI j AjYiMl A_i^La1I A_iaLa 1I (Jjdl a JIC-Louj ^Ic. 

1 3,1**^ a 1^)a1 I.AA LiajJ C5^ ^1*^1 -liilill ^kjJj . "A_iC.|^^ll S^jjll fi-^A ^JJ ^al ajJViVI 

V j t JJ3 ^ jjJo^aII I (JjoLaII til! ^pj (jlj ^j_^^a 1I (j-Q J * (J jbd ^ jda ja j 

.AjjI jjl! a^%11 (JJx>ia11a 11 (jjjj^)i-l! (jjJ^uujUll Jd <ja La!Ac.] AjjIj] ^22 



dAjl jj^-1! cJ jja/ij ^IstJ! c^!^>J! (3^ u' jjJal^J! dis jl! 

djj^c JU.^1 ^2 ^1 cAi! jj^I! ^ j (Transgenic animal) t£l jj <1^11 

^3 .^Ijjl! 4 ajjA 1^ 11 CjLuSj JA£~ tilli j jIaLivIa. ^>^.1 L Vu^l (j-Q *^P^ 

CIj^^q (J^2j ^^jl^j^ll (Jj^jtlill ^^jll I^A tAjjjJ A (j-QJ t i^y^x ill ^jq*j 

jl ^I^jVI (j^ 4_L^alill Ajt.,.nJrall ^jdl^ll ^)joi£ AjliLoJ ^A ^)^-l ^-1] 

^jLojJal AjujI^ 3 djlij 4 >a^q tillj ^jl jlik-l ^_g-lc« t A^jLitilxtll qA^)1\ 

^jjLalaJI ^pa*J dc- Aj^) U j^i.lll <9juil3l! ^>1^ LdiJ .^1 ^jVl 

SjUc. V! jA Lcj tolj^kW AjjaaJI j\\ jls 

^lj-^11 fijlA (jjj t (Aj^kll Ij^LiJ! ^3 A^ljjj 1 g x.^') ^^Aj) AjjjJaC« jl ^-o ^jc. 
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4-^.1^. (jjJJ V oJl^l jli cillj ^^ic. c-tij . j..ux ill j AJjIS 

(jjj CljliiaJ! j (JSjj ^aJ^J C5 ^ (JjLulaII 

Jj^illj j)\ ^yilu)^\ (jA JjI j&\\ qc, (j*VI (J^Luini . <ail^-All 

lAJi. LcVI J ^^Jauu j ClAjl j>.)*^ \\ 



^ ijKII c. j ClAjljJ^J! ^jc« AjJaJflJjai-a ClAjoalj-i cilliA — 1 

^AJObo] I jlsll jj J aj jjj . jUaL/ I I La ^3 A q L~s .all dtjj^-all jjJ ^3 j 

0 jJi£ du3 jj (jHa^joill [ _yajM duljj d 9j£J (OnCOlHOUSC) (JaijLajSLI 
jlill (j! ApSjaaJI .(jLou'yi jjc. (jUajxull ^LLt! f.lj.21 jjJaj ^^3 

(JSjolj La t dLJ jjll ojgJ A -s.i"n all ja) jj^jdill JLLi. (jLLajjoJlj i . \\ ><-i.all 

.(Jjliill d3 4-lsLLii LlL_o-a 

^ya JJC. (Jaj 4 _Lu4_jJ dLaaoiLH J dljljj-sll j ; aj 4£.jxa ^aJ _L — 2 

ollA (Jjij (_£.la liA JIjjJI JLuj H. Vjl IjgJ d-aldll dl n-sll 

. f. 1 .3x11 aImiImi ^3 Lul JJ jjj*-a]l (■ Ll2tV 1 

Lactating ) <jLC 2I dljl jjaJI J djdi a~~ i\ n-v JLd) a iCc. di^oij —3 
lilli jl j! .t_jUx.L/' dlli Sda. £jlii (iiij JL/j ( anim als 

<aj3 dl j “Ljjjau i." il \n j^>j ^LijL diJic-Laij ciiLljj^Jl J jjjj j2 ^.iLaxll 
^y> 1 g > ,-iH Vi 1 J Jl 4jjjoli 11 dliiij^)i]l a.3^3 tjjLuiiLn “Laj-al ojjjS, ojjli j 

(J_J1I Jill dll Vi 1 .a II sLa (j! ^Jl 4jLdl iljjljj Jd-all jjl j)j*a 11 i . lil^ 

i^ll j j ^alxll ^l^ll dc. ij.wll ^J^La jjd_jxill ILa j j" 1 a 1 Vj .^a_j-axll dc. 
.a^yAjM ^jjaull e.l-3xll 4 .L.»i.L.»i ^2 >.^l\g"u»i'i V LLI j j LIjlxaII dljl 11 (jV 

jaljddl i— S3^J t i _yaA $ L “-"'1 'lj;*^ll -Ll^jdll dllliJI jld^l — 4 



lillj ^^j-aaaiJj ijjldVl .'lie- lAUUd jl Igj^ ‘"'1 jl l^jLdc-1 

^dljjLLdl jj j jl . a id^a 'd d* a 1 d 1 j j 4 4axJ 

^jdll d jjJl JdL ^ ds 4 Jliall Jjia. ^ (Xenotransplantation) 
Jl Complement inactivation factors j4 jj 4I jc. J j >-_dl 
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e-LjaC-VI AEI ^c-IIaII (Jc-liill £Aa] jj^iEI 

11 a (jla tiLi iE? .(Acute hyper-immune-rejection) E. jjjEl 



4 ( j j j - Ell Ej^jEuil g-h-^-aC-VI ^3 1 ^ r -i£.A j 









(jLuiiVI CjLoi j__jj 3 (Jlfllil <JLalE jA (_ 3 IflA.il . _ '-,U11 (j£ij j jU 

EliA .BSE (j_jA^)A ^llij dn^.L-a ^ill <LaaJI £a _1. --i-v La£ c^- jjJI .a*j 

<- fl.’ig.i jjjliaJI Ed jj jA j VI cUaiEkl Vja jiis (jl jE L . ' '' > t.jw-a ;l 






.^jlnll djjliil (j^.j% Ail JaxIaj (Biomarkers) Ejj^ cjljji>, ^liil -5 
ES jl^-o ^ j (_>bjiJI (Nematode) Eul-EI j'-ijl aL» n.il :& 

..USaVI i 



AjLi-Q (Model) ^o^ajI^ l^ljj 4_1 ,axa]I dAjl j^^dl (JLa*iLai! — 6 

jjSlLd! <2j j^JI J 4-3 JJI £ I 4_iiu <illi J 6 J-ujjV I Aic. AjjI j j 

. jjl c iUll Jj lU J l jl 



4_ia]*JI a^A J ^jLill j)A ^.n531 J (j^ ^3 

JjaJ Juk^. qj^)J*j 4^JLiA 4 Aj^.xai,i11 4-a^ Cljlk^ 

^jc. CLAjj^aII ^Uxdlj jj^JI 1^1 (J j ^CjUI jd^JI lg-J (JaIxj jll AijJnll 

(_£j]| ^j^xjoi]! ^A JxJI JJ] (Jkll (jj .(jljaijjU 4**k]waA j)l_£l^ 

* 

J jLauj cjj^c Uiic. (Unanturalness) l^nk A^4=d\ :ikAj laL 

L_i*j^a]l i^ja ! jjLojjV I dj_j jLcl^. jLj*j j ^ajj j JjI Jl <j J ^j^. 

^A Cj^j^a]I lg, 1*4 n Jill ^-9j-sa]l (jlj 4 1 j j)l (J^v^aII JaJjai-i]l JjuajVI ^Jc- 

Aj^^aII CjI Ja^JI ^.Ijjli ." J (Jj jjLaijVI (jj ^J-dl (j^J 4 5 _j^)jaj 

Jj EjjjaII JoEail ^Pa^IaII j)A 6 ^juoLia l1j^)^a]I (JSj ^J V 4 JjJJI (Jj.-latliU 

DNA 1] J xtiVil j)A aJa^JI ^jj LajI 4^joiLia (JSjaj 33*u^a]I Jl£]| 

J 

^cjodll JiSj jl Aic.L>iA ^jj <L Jail 6 1a Ja 4 (In-vitro cloning) 4-1 jV I 
djjJI JU.^j elA ^jj SjIc. — Jill jjS cjj^aII (Amplification) 
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(Dilution) t- \k^h LjjSJ! jjISj j CjI jlxkll <>aa — ^a 

DNA 51 (jJ-3 aJc. j . l \x ^ 10 55 Jaj V ajjouj ^jLoijVI (_j-a ^ ^ 1 

(J^jl J ^ia DNA (J-a*lLoiJ Lojjj (J^Aj.5 S^jjoiLia (JajcLjjJ V ^lx-aVI 

.l^_l5j jLlal! ^LuijjVI A j\aC Ajt_iix-aJ ^aJ <5 



Ik^, ^jl jj.^.51 c^55^j Ja Jl^Jli ; (Jjiakl.5 ^j2a CjU j)j^ 51 J^jk^ ^ ^jJa ^a ^jj 

A^^jA <-115 .aj t Ajail.xjj.2k.51 J Ajc.1^51 CjIjI <jlj a4jjlj ^ y*ix ill ?V ^ LdA 

AaJI £jJaj A-LujI 51 j ^ jll ^J)$ 3 a AA^j i-kj£ J-alauIl 

CjLLuJI J Aj,W4,.iaa5I Aj Ac. Aj^LuiLAM A Will Cj^Aa^I 6 Ac. Ala ?(Jj-alk5! 

(ACNEP, Advisory Committee on Novel Foods And saja^JI 
aJa*_a5I CjUI ji*A\ ^Ljac^V JIa* udVl jLiu AiCLkl jjaU^a Processes) 

jjaU.^51 j tljjljj 

^Ija) C 5 ^j U^l Ly* x ) ^- 5 SI <ja Cj^)ja Jkj — 1 

. ^jAaIjuiaII j A J$A\ A-nllc. ^)C.LaLA (a ) ^Jj ^)J^i^. 

Jij < 5 U. ^a Ia£ t(J£^U (JjIS Aa ^.5 (jl ^a-i^k ^jl lJJjZu JL^jl Lode- 2 

(Factor IX) ^21 jiVil £jji 12I (Jxlxll (jjjj^>l (jc- Jjjjoi 2I dlj_^all 

(jl JL^J J_j ^-1 Vj ‘ -CliY-li^a 4 ;_'ti J^iia ^rV' 2 l i 4 \. ’ill 

.f.l^ill aIuiLj 4j_^1.2 Lplsj i J£^U ^_jj-lall (jl J^ulluil 

^llij 4JL*. ^ LaSi) (JOU Jjla CiLu ^1 dij_j-a (Jili Lcolc. - 3 

'Jj cJaia A iilij 4-1 iV , 1 j i ^-i ^,,'|-s"u>ij (jli t^dlL^lilll 

^3 (_£llil] ^j\ jl (_5jlaJ Ajlajjio Vj Cl 4 nil lil& (J-a»l'lui.j 

^ J^ISI (J£l d (_Jr-T*>^/ljj tjjjUll] <A-aLi. t f. IdtJI 4 .L.l|L.D 

.(Vegans) Vil jj^Jt ditaddJI j 



^ AjjjoiI Clliij^o ^Ac. (_gjldi 4-ii, dlUjl£ JLa*Jjoil ^ V — 4 

djJ_^-Q LS lc- VjUJI 4-ljg -s n\l f.Lia.^/1 JliLall (J^f^ cs^ 4 ") t — ^ 
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iA ql"i-s a Cjljiojua JiaJ AjjjJ CjldA £-a 4_J jij jC. CjIjLml1i.uI f.lj^.1 J*J 

Jill AjjIdJI Cll Vi'ldl UaJjdj j LjLj £da ^^dsukj jjd jdl JJE.I dljA jju] Ajl jjjjj 

^J jl J*J (juj-aLa J**! » 'in dlj li\j] dj) . (jjdj Cjjja O' 0 ^ 5 “4 (J& (-5 S' 1 '*'' 1 

.dl CjI jImlImiVI jjjSj jdl j .(Gene copy) A^Ludl j! CjjjaII jja Id* 

Add CjjSjj I jl 4 ..j Jy j 4Aji£4iJ AjjoiLmi^. CjI j CjIjjjaII (jCuu Jd ^ i-s rin ^Jc. 
Cjjja jpa A A mi'i ^Jc. (jj jjl-j IjjIjj <Jjjua]l jjldll jld (JLi. . ((jjdl aAjCj 
La juc. d !)li 4?.l.}iJI J AiL=».cJ JCj Add i_jLimjV i_j j*cAI jd*j dc. (JjALa jjc. 



.^Cllall 1 aLld ^Jc. CjLa ji*-all (j/iCa ^jdlj jddj d] j ^JJ 0 jLCL/ 1 j-o 



Genethics 



4 jjI jJI AaaidJI CjldLldl 6 . 5.1 



Human jLd)/l CjI n-s ^aa ^-jjaidi JjL/I Jjdjdll ?.d da 
cIUa (cjUxamoII JSA dL I jail JjoiLd d-idi ^^daiL ^All) Genome Project 
Jjjldl j ^ c.\ Ci>yi j JiLLd-L/l d» i^> II Jc. (Jcdl j a jidAI jLb jd 
(Genetic CjI n-sll Aladja CjLuIjj ja jd jl jdaj <jjHd »>dll j 

Jyjl ^mwAI j t(Genetic databases) Adi jjll CaLa jkall j&I J j testing) 
JjJjaj 4jJil£j]l L£>UJI J& ^ddl ;r!l*ll j i(Genetic screening) JaLdll 
5 .Ld&Vl Jaj j 4 (Cloning) Ai jldll j 4 (Germ-line gene therapy) jj jaj 
AddaJI 4-jcddl LdUJi Jiij (Xenotransplantation) Uild^yi jjj 
JjdL. jJdl 4(_>A*1I J jdJI Jl jljjdl ja (Embryonic stem cells) 

A mdfl II CjLliDLdl (Jd-a J ^jdj CjLu)ljj]l d OJJJJ La (J£ ^Ic. JdCiJ .( 4 . 1 ) 

Jud ^jjCdl f jdJI AjJ jj J jl jCioiL/l jl jj^. J .(Genethics) Adi jjll 



ja jjjdl ^jid A ag a JtS CjI Jjj <l I . C «nl jldjl JLali .1 jli 4 CjLl jj jCjlSI jpa 
4 j^>A .'i CjIjjjjj jC- CjU jLtdl A n^<j>^)A j Aj jjuj Jd jC- ojjdlall Cj"V jLd]l 
l^jldi jpi AjjI jj CjI jl mfrlml j Cjjs. jmulj Ad Idol ^Jc. j ^11 Ajjal ya ^jdoj 

j-ajJxall jl CjUjJ]I sJA (_]£ (J 4 - baj 4 JjIjjja . ^ IU»I ^al A .'.‘V I . .o c 

. j_ALa Cjliil jja 
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al JfrU A \xi\ < \x> A_ul j t— 14 j^' J* 

jSa* u ^-ij-v »» n j jj ^>0 (jl^ ciu^ (Individual genetic portfolio) 

AjIc-j t (jUa^ai!! jl L_ilall tLa AjC- AjliflUj^St 

jl ^JJ (jlj «^Sj AjI^j JjS ^)5u-<i gjl g 1 Ja,C> j (j-Q 

j ^aJ ^lill AjjJa^all aJI^JJ ^^Ic. jJJ LoAic. Ja^S ^jl^^JI ^jouJI 

C!jVL^ ^3 j (j-oS aIjIc. ULLuj fi-i 4J,\jj\\ (_ya\ 

ijf \yW jlS lij U Aij*-al (Per-natal) jll J^S <j-aai *ljaJ JaSa sj j.w* 

A jl^aC- g.lg_jj l-a] AA.mll g. jjJa ^^ic. «V ^ ^LgIa 

. AjjJa^al! A-SUJ1 ClA lUaVkal j^lgllll j AjuIUaII Lojj 

CjLa^lxAll (Jillujj ^jl I^LuiSj Ig-^joa ^Ijjll L-u!^^ ^jj£I C-W 

i^ja Aj| 3! . ^jA y\\ j (jyk£\ cijl£^)jai j l_jLj^)I ci— ^ £y* ^ (j-aAoJ AjjI 

*Uu^V 1 g.U£ijl ^ ^c-Lujj (^jc« ajLIjj]! diLa^lx-all <jl 

d^A ^j£J J t 1 J J-axll A»gA (_j-a L-JjUa^ll ^A J t^lUl iSj^ 

* Z * 

(jl Aj^aL^. tig )*\L^a A ^^Ic- ^.J^J ‘■“iWlm l g x^') AjjI^j^II C^La^lx-gll 
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(jj . Jiqu.iJL LaJ 4_ial djla_yixai! ( _ 5 -lc- £ lij Aji3 j!La]l jaV ^ 

(jjalj]l CjI^jjoi] ^ la, mil ^JJS J 4-ljljjil A m.V'g 11 Olli£/li.lj A a'lg all (jlaJtll 

la jc. ajjI^jII l!jLg^Li_a]I ^ a^jLolaII aiIIaII lIjLoujj^a]! j jA^lIj 

lilli jj^Ua IaJ^) jfUj .at J^ll ^^-Ic. jAAlill jl (^jia j^)£ll j ^jS*JI ^»l^)jV Ja^jjaiS 
. 4 aJ j L_i3l ^Jtll u£ll^J ^’LojuJ! ^aJ lijj tASiLxll C-J^lx-a a^jJaJjoi jC- l^.^)l^. 

^ \)>" ^^la-ll tjp\ ^^ic. AaIxj (_£^ll ^ distil jl j-a 

CjV jU^q c*JUa .ajjIjjII o^j^\ ^ W> 'jj^ (Gene therapy) 

(Somatic, non- Ai^d^ aj^^ l£UJI ^Ic- £^*11 $j j.i^a 
jtml auLIaII j aJI jaII ciia^ dill j V j tb j.w* U.Uj djSV jS j < sexual cell) 

L£UJ! JUxlail IaI .1^1 ^»Ltll (_£l^)ll (Jjia (_£.1 aj Lii _^ jIS j t j*s IgloXui (_£Aa 

^jjc- aV Id^jU ^Iaa *. a jl ^^IaII jj^^JlS (Germ- line) ajjaWII 

^-^illj J-uiill jAui^lll Ja^iuJa J Ac. jj j- 0 A Ujaj IaI IjS^L^I Vj Ijc.LaI^. 1 J^iLo 

.(Eugenics) 



<^a ^jill (Stem cells) AjjiaJI jl A^i^ll l£UJI J.ikU JLd^l jl 

A^JiIa AJaJ^i jA Lille. A^^Vijaa j 66 j-iAJA Vj A-au-a^liA ^)JC. Ailjl t-J^l^. 

*li£l JaVI (Regenerative medicine) ^.isdll c-Jall 6a^j 
^iij jSj I^a .LaAjj^j (Alzheimer’s) jajU jlVI j 6<_£j^aK <j^Ija! 
Therapeutic ) aJSII j l_i 1S11£ sAdaeVI ^LdLaL ^iUIl jjjiall aj^^II Lj^UJI 
HAa*. s jSill a*J jj Ua j .(Transplantation) £ j jll 1$1U*U j (cloning 

Jc, jj^)^.l ^jia^)l*J lA.V.).j 6^LjaC«VI jA jj^ialoLAll (_Ji3 jA LiLui^Jjallj 

jA Aillxll A Ajqll ^ jjJ3^a1I I^A ^^Jaxlixjj 6 <j\ >m jj^ jA j^lj .AiS^l^l Aiil^. 

.^jJa^jAll ^ile. ^Jj Ajjaiillj Axllill AIiaAI ^11 l^)iij 

dAgJ (^y*x ill AiC. Ja^All ^jjjLa^JI jl ^^lj Aniillj (Jj^l j-° V ^l^f^lj 
aj*SI j cj! jU^j (Biomedicine) ^ jjaJI t_iLll jA jjji^ ^U>j ajUjII 

^jjjLill ^aA jj Ail jJI Aii^»a-all jjjli*JI jj .A^. j.Ajja!I j ^jial^)AVI ^^Lc. ^9 IjIij 
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j <c. Ajlfljll Ajj.^. CjL^^Lc. L-fll ajaVSI L_J^)kj 

__ > 

AjUjll (jlj ^i\» \ jpaj . 4.1*31 j JJC. Jlal j)C. j\ ^3 (jl'nii-all j ^^j-sa^all 

^jLojJ ^ j^jLo J) “LjjjiaJI kiliill q\ <_±aj S (j^J a j2i5Lil j->V'n>i AjjjaJI 

Conclusions CjI^IIILujI 6.1 

Lollop Lliljj “Ujia-all djljjl^I] jl jj^aVl j 4 )I_jSl 1I Pill j S 

4» ni-ii (jiatiall (Basic research) ( ^LH\ ^^-akll diaJI ^Lu jal .PaUJ j 

<jlSjj 4_lil jjll A m.Vig II PjLjI£JI (jjl 1 g IVl A 4jSj 1 g Lc. j dlljjj^ll 

i a J . ,n ' “CluiLoiV I CjLa_jLtAil .jLpjl (jlj i (J1 _jPall (joiSJ ^Ic- . Clllj Jj^*j 

(jLaU i a jl ~s ^\1 aSsc- (_Ja. (^S jsALuliui UjI jj Clllajl^Jl i a j . .-!' J i— 

.AjjJI Ia^jjIjj LjjI jj kl-ia-all dlLijl^lU -ciaijjkil 4 i-s i^ill Ca^Luill 
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<>ajVl CiLiaCj 

Biochemistry and Physiology of Growth 
and Metabolism 



Colin Ratledge <£^'j 0^9* 

University of Hull, UK 4 £Ua]| cJa 

Introduction 1.2 

i (jl ^ic- (_>cajj “Gli tfLiaVI ^Ic- ^3 ^uiLjjI (j-a diLift ^jL£ Ijl 

l$' ‘ LS iy^ ^Lij) J* l5 J3-?^ l)^ “S^l (JjIujVI 

oLa L-1C. jj w ua*J ^3 . jjLLi]l 

iil]j j t(j£-aJ La ^ JjoiL lilli jjl£ill 4_iLaC. ^JJ jjL t^s^jjlaj ^3 4jjg >-all CjLulSJI 
Lai .4j^>aj]l Ajlgj ^ CjLulSLil (j-a (jSl^a 33C- ^)j£il L ^lc. J jk->^> 1I 1 Og .1 
dlm-jl J tf.Lja.VI lilli ' g ViTi o-iLa _jA ^.uLmiVI i_s3gjl (jjSL i"n^> (_£ja.l tllVLa. 
ojLaJI CiLulill (J*aJ o^j (j_jLaL«JI -sjni 3j3i& i4jlj 3aj ,^5-aJI (jjl^ll 

. mViL/l j jjlSoll _jAj VI t^^gjuuLjVI I g 3 ^A (jc. djlLl£]l lilL Jj_jajj 4j_jlLuall 
^y aj t^al mVlVI ^Ac. l^jj. 13 ^lC- <^3j^)iall Cill 13» II “LajlLa CliLulSJI (JjlalLu) lA-lic. 

^Liil AjLaC-j dlljjlSlI o3A j-aj 4 jl-ac. (jj .<JjlLiall s^Lall ^Lijb IjUj tillj JLLa. 
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' aa ■ ,n * u (jljJaj! jpua j ^LiSLLLLa (jlliiLaC. LaA Ac. j V' 1 a j 4 q L A a il^a 

.(Metabolism) JLU, 

CiLul<Ll Aa^liJI Aab]! ^jjiu ls^ J^ 1 ^' !La ^ JjLaj ^1 

c_iA\ ~n L>\1 j (Fungi) jbqi ' j (Yeast) .a a 11 j Ljj"Yll£ a^L-LL 1 ajj^ .Ll 
<=ic. ^ jijjj CjLojl*-a !L£a jj LI c (Microalgae) Ajj$as~a]! 

.Aj_jliJI AaiJI (j^iM i/iS ^LaiajJ 4-y'^.ll -lie- VfcJJ oi)_j*JI (j-a iU L/j 4f.Lii.VI 

> 5= 

Ajjjill f LcaiSJ! CliLlaC. Jj.^ilij ^jJa jJ La l^pli .*_aJ jLL j£jj 

<aLa*J HjLoiI JILL j tilL Jib (Biochemistry) 

La !Lj Ajjg i-all ClLuliil AjjaiJ! fLfaJ^i! dll lb*! ^Ij ^3 (ja V ^ jblb . jjl£a]l 

. AaiLiiLM j AjjjI£L]I I^jj. 13 JVlilui! (jjuia. li-lj! 



jj, ,.<M\ ljLaLaC, I 1 .2 
t_uSjjII j (Catabolism) ^ 
l^Laj (Anabolism) fULi j 
AStla jjSjjj Lilia]) ^UiLi 

o^\ (!) .jijavi 
phosphorylation) 
(S jiyiii j SauiSVi Oxidative 
o*ji\ - (*) • (5.2 S jiall j&jI) 




ailla 



<v) 



OjA>S 



S-laia. L£Li. 




£_ijaii! I La IjjJajC. iia] 

(jLiii jLLI LjjaiJI ^LixuHI 
JLli AL-oLaJI L_uliaj^lt dljaiiiil 

La! . J mVlVI J (_£jiiJ! _jaj]! AaLaC. 

(Physiology) AaLac. 

AaLac. i—L-aj -laS3 jj-aaJa ^^all AajaaJI fl jan^ll (ja il*al i_iaLj ^^^^3 iAalaJ! 
(jl 4(_£jiVI A 1 . ^llajl dljaiallj (j_jjj£l! j . .n ' C- ^ i j . .n) j! Jilaa 



Aali 
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. Ig'ijK.i jdll <2 Lu«j dNelilllj c" i\ j\x\» tilii lajjj dlailsdl (jjjj <ALaill 
^Uaj (j-4j-b CjjAI Aju\ dljj*2l ja^Sj jliic.1 (_ia.ji) 4jli <2c.j 

. d3_j]l j j j-a (J-al& _jA £j! jll ~l» }\\ l$2J I aLdj j (1 g mVl A jAll (JLaJ -Sbul/1 

d!>lc.lil]! iilii (_pM_ia (da_jll o^u a 'i < C,all dLlc-liL»]l J£j IjAll ^ jil V II 
jl f.^ All _jdll ?.ljjl I (£Jjj 2I _^al!l f.ljjl 

dll jjitMl J2212I a^ill “dldll (jli 4-llc. j . dliaij JjSij 'ijl3 A ;|-sll 
.Cl^jjlSull IgjLia. ojjJj U ^ajj A iNH ^)J^Ll) Ia^jJ j 4 jl-sll t_]Aj 

Metabolism <jA&' dLLac 2.2 



Some defintions dlaikuodl i_Ljxj 1.2.2 

S5 5= % 

(jjil-st da (jjllLaC- (j^ O' 0 ^li) LLalSiila 1215 (jdlVI 4jl.aC. 

dLilaC. JjVI ^-_j2l La! .(1.2 Jiill __>lajl) ^tjdsbda 1 -ag 'A c (jlilajl jllaj 
dodjll ALAI dl£^a J jij t(Anabolic processes) s-u£jj j *Lu 

dl ((Nucleic acids) yjjjj <_>blxL*.!j ((Jjjjjj 2>° 
lilLdl dll) jAI j 4lii»i jil i j2l Ldjl ^ jij La£ ((Carbohydrates) 
(Purines) ujjjAI (<dAil -dLaA/A (Intermediate precursors) 
dLjdJ j ((Fatty acids) yd 21 ^dUAll j ((Pyrimidines) j 

Aa (dj2l dLLo j .(Sugar phosphate) jlAI dld^a j <& jji2l 

1 * i« 

.ojl <Lai2a ^1 ((Endothermic) vjr <dj j 3iUall <£i$d2a dULac. JL&A1L 

* = f 

AjLqC. u' ^ iAJj!i^Q AiilJa \ t^ijl ^Ijaj 

.(Feedstock) jjjp-dl J >dl j^£jj 

6^)1 A C^liLudl AjjU^.q'I A^Uall (jd-clj 

(j* ciUi j 6 (Energy yielding) aSILU j a <yL ajJ! j* 'kz. 
ciiUS^ Aj\^»°i t (Catabolic) 

j > f- 

j JA\\a.a 1 (Reducing power) AjidJi <51121 t>j£j L5U2I jjdj 



61 



L 5^ (J&liiiJI lift . l_u£jj]! J $.U21 c" l\ j\xiC^ 

l^oll !i& -(ji^ ^ J&Ui]l (_> Ui^Jt jjIj Ajl^lij t(Exothermic) 



j 4 joi£j]I j ^.igj! 4_lLaC- jj . l^lLaJuluilj -N all Cllljjl£JI ^_jSJ jl_j-all (_)£i ^^Ic. 

< f % 

4jjj^j-sall <aLia]l \ » >>jl ^Cilj Laj] 4a.jJ.laJI LH^J] j^jJjSi ^tjjL ^j3J ^ oL& 



(Macromolecules) s jjj£ CiUjj*. J] L y*&\ J ^ Jj ^ ci! <] jikUl 4 iU=JI j 

> 

jj^ajS/1 CllLiLaC. jjLallj jj! jlLal! e-Lbllj ^.l^J! j-a (jljjLaaJI jljlft >Vi~l .4 lAl! 

.(Metabolism) 4 j 1^1 




AjiiJI (thermodynamic) AiliJI iSja. ^ jjljjJI :2.2 JUJI 

. (j^aj'il ujLlafr fUi 

(Aerobic) 4-ijl j& 0^=4! c~t ilx>» j ^ jij cjLul£]l (Jjj jjj<nll j^-aj 

4 .1 n ~n (_jaj! Cl ll_lLa*J dAjjl^ll j ^_ya O') j.'f ‘ ' 4,\.aiC‘h>i.a 

j j-a (jjj jc-liliii •LJLa^.'j/l 4 lu j . jj 3 (ja t (Anoxic) 

(_g j) j,».»<a ^11 4iL-bl j;» A! c-La > AVI £-a j jA oil (j_jjjSJI 

.(Exothermic) ^Jj^JI ^LlVI i> 

4 ljn. 1 i (Jal 4 _ia£ a-lajiauJ j] 4 ( _p=L)V! 4jjl_jAJ ^ j2j 4jj!j^JSI CllLulSJli 4jic. j 
jjj^alj (ja.1 (j^a j»^J! 4 Ac ^2 4.2 jV I j!_^a]l (jxs 4 4_2 !_j&LUI CllLuAlb 4ijlLa 
/j i~s > Al (jj.jj j ;,AiII (jl Laj .(19*2 jSjoil! jiajl) 4 ja2I_j sliJI 4_iLaC. CjEILlui 
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Alijl _^o AijI 4^jUjI£ 3I (jli 4AsUa3l ^liil -si Aka Aliki ji 

> 

Allis Aislia ^Ciii 4 i_u£j!a 3I j e.l_u3l Aik £»a A uu \ Ha ji t- Aiki (Substrate) 

^Ic. .lalkjl ^ya (jSLallj ^ jktl ^^3 Alij'iH jI_ja 1I Alilc. '-1 >.ni lill^iiuilj 

.( 16.2 JLill (_£ ylkSLA 



i^±*L lg_loj t Ajl*. CjUjIS ^al^Jjoilj ^Ljajj 



CiUill j (Saccaromyces Cerevisae) 4 -i.u.uL ji~> ^wi^iLa jjlkdl 

olja .1 ^uil l$kaj Ail ^1 i (Facultative anaerobe) Cjlnk ajjI j>aV 

A ikil a 1 a CVn.i'i . _a. ^ic. Aiil_jAV e -\ _jiJ ^^3 tdik _j tAiil_jA 

tAsUail Alilc A. i.ui'lj f.Lallj (j_jjj£Lll .IjmAI _jlfr AkLia Aij!_jA Aaj^jkj 

jjSjKil kkJ! i"n% lAiiljAiiUI <3 jk^ll kjlila Alilc. A.u.iiii jjI^jjj 

lAkll ^tiijj jklil (jjSLl Ailc . j 4(Js] ^jia^a Aslia j Jsl Aijlja. Aslia Ask" 0 
Aill 4 (j]> n6VI L>°_5 4 4^111 ^jj Askia! . _j£ll jaA\ aSUj Ai^jlLa (Jli 0-ll.laJI 

Aijlii-ai! Asliali ALak o.Im£l AaLaxj jjl Aajl^jAiiUI A iklj jjA.a.ail ^ya (_jjiil 

AajjJ jSiil jl juil (ju (jiaili tdi j t-JajJJ .^^-a-i^il (j^aiVI CllllLaC- a-liil Aaalill 



(Pyruvic acid) ka* jj^- 2 ' (Carbon intermediates) Akuujll 



dlllljaJ (JLaatluil ojlc-jj £-kjl (j-a (j£kal3 Ailjk! (jas Ai V ^Hl 4 8 jj-a-sH Aik. 

jA oIa jjLaaJI Aik ^ ^r'Vmil (jjSLij 4(2.2 JSkil) Ai jiA a \\ 

.(Ethanol) 



lAiiliil A^kalla AiatiaJa JjSkail Jc-lilili Aaic. j 

X + NADH -> XH 2 + NAD + 

Aij'Anil ojLall ^^A NADH il j \ g hi A s! ^>a 11 All jVi j-ail X iJl^A eluaw 

NAD .("u'j " 1 " 3.2 Jlill) yjkli! asLall io£>ail Jklil ^A NAD + _Slj 
(Nicotinamide adenine jjEjikjjiil ^lii ju^lkjlii j.AAa ja 
kajl J'ja .NADH ja NAD ;> J'jklall Jkiil 4 111 .dinucleotide) 
(j£iaj ^lil j NADP + ja j NAD + _ 31 ;> (Phosphorylated) jLkai! J£kii 
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^3 i4llj 4 <1 j"' < a ojLa£ ajj.li ^_jSJ jl j£-aj jillj 4 NADPH ^^11 <11 ji^.1 

J NADH— 11 > .<>1 Jib >UJI ^1 j£ti\ JcUill »\&\ >VI 

tNADP tNAD SjjSLiall ^jjVI j! j-all bia ja jiii . ^.i^ll j jj > A' ill diAc-lij 
^ ja^UIj ^ >1 Jtlisll dljj IAUJ J£ ^a NAPPHj cNADH 
NADPH— 11 j NADH—11 i±A i«5 ^l> J^UUl db 1AUJI > **> 



4 ( _ 5 jIjA!)UI Jc-liill dl jj lAlill lillj jdliij tjjj-s m£VLl l^JLaliijI Jili j* 




IjA jjil 4j-nj'iI jluil 4 _ iU-i~n lil 
jlajl) jIjaII ailA a -lad I B-llcA 

.(6.2 s >11 



NADP + j NAD + (1) : 3 .2 Jidl 

NAPPH j NADH ( v ) (d>) 
NADH j NAD+ J ,(J» 
NADP+ -R = H -Jl 
R = P0 3 2 _J! NADPH j 



I j <jjjil 4 j\< II Jaxid 

Ldjl Jaiid 4 j jjj£il 

^-3 Jid jil <_ll j! ll ja j j^aaLd 
>. j£ii .lAjajj <iliJI <ii£jg 
U)T* “'^1 j U^JJ<pll JLlall Jjaui 



<jjl j^li <jl^ll 1 jj.4111 

<_sj=AI ^11^11 ^ Lai) frlj^ll ja 

ja (jjjkxa^V I (JjA^aiJI ja -la 



e-Lall ja jj£Ll 13 jl 4 jaj]l <iajtddl dllii_> i—djAlIj 4 Kjg \l Salfcl 4_iiaC. 
4 j; j lix a\i J 4 K ^ jldai jail Ldll j£ij (JjiVI <4 JJ j.dl jaaaldll ja j 4 (<*bi 



PO 4 dldjA JfLd) P jjdjillj 4(S0 4 - + LiA J£d) S djjAil j iMg” 



64 




iZn^ j cFc^ j j)\ jjoJ! (j-G 4-S V J! <aLjaj cillij 

• 2.2 JLS1I dj^yLc-lilSI -o ^ h ill li& <i£u>aLip ^Jai .^cJ] . ..MilT* ^ni-Lallj 



: 4.2 (JLJJ! 
<>u .(ATP) OLmjUS 

LjLLujjill 

Aiajl jII j^£ lie- Ailkil (ATP) 

Ailkil ^l^luu j i (y ) Laic- 

S j*al ?IL ^ S jjVUty 
(j-alL .jUiJI IjS ^ 

LjlLuJjill ^Uj (j^» 

j & jo^Vl Ljliujjiil ^L$y^ 

(jA (j-alL 

/*Aj i 'A SM ,*■ ! *<c. a a-v a \ \ i ** <t a , ,. a a \ \ 



Catabolism and energy siUallj 4aL»c. 2.2.2 

alUl ciiULao j (Catabolism) ^$JI Cj UL c. jjj UU_An kLUl j) 

<> £- 1 J ^tjj] J jjj iiiULc. jjS aaj*j (Anabolism) 

aj*. jj Ja*!Us U jj^j (jjll (Reactive reagents) SiUiull cUSjAil j 4 jaII 

# ^ 

jSii idAlc-lijll ja jjiiSl ' U'ia.a jjaTi ^^lllj ^ jaII UJj ja j . alUl <i,\aC. aAij 

(ATP) ajUUU j (Adenosine Triphosphate) ejlUjill j^AjiuVl 
pIaIc. jjixi (High-energy bonds) SilLil UiU JU jj ^ ^ ^ill 
ATP— II ^ UlUil SiUUI jj AjI J ^Lj .(4.2) JSU! ^ US ^UAH 
AjIj jc. s jCc. jAj tdilLuj jill cix. ja>a jjj 4 (Pyrophosphate) ejlUji jjjIUI 
Si A jjasi (^ill t«.Ull jji. j Uc. USUI ^jUI (Anhydride linkage) ^ y 

An 

jaijVI CjUIaC- aAjAa. AjIjj eL&l ^.3 ^)-kiiliA ^)jc. jl ^jjoiLio (J£jou (2-^jtiLajj Aillx. 

<LutJr ^!>Uaj^alj jl cAiUall ^ ATP !l _j nat j 
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s.Il ^Aac. ATP II ost J La.Hc. j .(Energy currency) ajAiII 

(Hydrolysis) JAdlL j~A ((Biosynthetic reaction) 

Jt LIA j t (Adenosine diphosphate) diA jilt ^Li j^jiii (ADP— It 
u^yj ‘(Adenosine monophosphate) dilA jilt a- A-' ‘AMP 

LaJ Jc-lillt 

A + B + ATP -> AB -f ADP + Pi or A + B + ATP -» AB + AMP + PPi 

diliujjj jA Pi j 4 Alt “LujjjS (_>aI CjIAj-q ^a Bj A (j» Ll£ (jj ‘A* 1 , 
jjt dAA ji jjjE ja PPi _ll j (Inorganic phosphate) i$ a^c. yt 
tdHaj Jljj V ADP— It t-isjy j) .(Inorganic pyrophosphate) 

0 jLaiall ^ajjil “dsuailjj ATP It ^liiL/ 1 . >>jt (jl (jtAj AslAsult 4jllc. 4iajl J 

La (jjxa J&tiL tdljj Adenylate kinase 

ADP + ADP -► ATP + AMP 

Ajlklt Jib Sjjac. dil (Phosphorylation) 'ijiAll ^ 

ejlc.l.nui .1 La l_ i£ja! djliul jilt Ac. j.a'S <a Lildal (Jc-lillt t A - Wrt ; J ( dlj (JSaaUj 

I^lill (Jc-liilt Aiuj LaSi ATP St 

o 

I I II 

- C - OH + ATP -»— C — O-P - OH + ADP 
I I I 

OH 

Ajjlia AljiuiS .ixj a,_gjilll Alic-lilll Oj^all jljJll (jliaAt (j^ jJAlt 

Catabolic pathways oAjVt CjIjIum 3.2 

j»JAj j.UdfL Jji. 4_alfr dUlut-a 1.3.2 

General considerations of glucose degradation 

A i"\ It djlill^lt jlXat ^Jil ^juiluil J^ .‘ill Ail jVI -t jxilt j j . ,y~i A Ac. i i^j 

.SddJt AilLlt aLul a*\"^ At dilli j^lt j (Monomers) CjI ji jJI • 
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A AjjLu£ -LljIjj i__g^P Aliajai! Jj ATP 51 (J£jolj ojlfr lAiiUall • 



.oAiAa. CjLA^o 

jijj ^_ill NADP j NAD II cIj'lij ^uiLoil iA i C A a a AiiLla • 

.NADPH—ll j NADH—31 J\ l^ljiil 



j NADPH— II J\ > J) NAD(P)H_5lj ATP-ll A lWj 



^_5| I g - ,n * i ^ya AX- j; V'l .a (Jjj Vl\ A q Vi a dlLaJ^jl e-lC-Laaa ^_ic- (NADH 



• A 3 *-^ 



(j!5 j tCJA^all (jxs A aA Ajtaalj A i 4 _gic- A_ia ClCulSil jA'i 

• cA 1$-^ J jail tl)^y 5-ij..i 7 II i a^j 

A^A a-lij dll-la. j jl (diLajA^^) Jj-lJ jSj CjUjjj^j • 

(_}i.lj (J£Li& jl CjIj>^iC. ^a jl jlA 51 ( sNill £_a aA Viall tliliij 

.AjlaJI 

•RNA— 51 j DNA— 5A ^Nucleic acids) A 3 ^^ 1 • 



A 0 !»_JliJI A Sjiu i " l l i^ ^a (j C- a jlac. jgAj (Lipids) ^jjA Jl5l • 

Ailiak-a cLjac.) (,\ii A ^_a j t (Fatty acids) a^-^' A a '-<^V' 
.(Micro organ) ajA-nll l$j' >>ir.l J l^jlj.Ar- j ajIaII aA;^! j 
J a=JI A Aii. t (Polysaccharides) s.^ cAjj^ • 

.(Cell-capsule) A 3 ^' a-Sj-“^j (Cell wall) tjj ladl 
La£ aj (Precursor) UIui a*j a A. hi jA ya U jUj yL jl A' aA J£ 



.(Amino acids) Cm- 0 ^' <jA-aAil a A jjjII 



ces A <*-*) Nucleotide bases Cyu a jA jS (> ^ jjjll A 3 - 43 -!' 

.(cjlijuijall j "Ribose" AjjjII 
A Ajj^j cjjj£i All i(Fatty acids) AaAill j^L^Vl a jjAAll 
.(C 2 ) (jjjj£ll a A 3 A ls^ - lsA 3 ^ l5^1I j (Acetate) AiiAM acsA- 

. Ill mill jC.ill y-a aA*-a5l . “ '' ' jS. . ,.\l 
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Ajjuluul llj-a £uuJ AjI jij jurS, sa s jl «^'h~n,.s Ujli Ls ^glc. f-A 

JjlSill 4 .Sat! <Jjjjju=JI CllljJjAl ju AjSI ^tklj La J£ f.Uj ^ 4 All 1 g ^,~|-s'n>r' 

<iu.Lu.Vl el >21 eiA c LijJ 6 ) ku ,n aAJ J UlL i( JUl) .(5.2 Jlilt jAI) 
ju*j jl l^jlLoLia 4<Jjl el ju. a jl t (Substrate) a2jI el jus AjI jus ^....ull 

^Al £-a j«l jilL NAD(P)H II j ATP — SI ^A (A jl Akjjuu) l^maj ( *_iiuaj 

.(<JjVl elj-ll Ai 

AjuI jJ (jus j jjj - (j jg ~y -"S' ^Al jil£ll Aik juu] Ailji alius jj£ _jl£ll j 

(5.2 (JSuulSI a uuLu. 2 I £uoull jl jusll ^71 (J \ AjI j A _skil j ^ eiiLilusc. 

‘(Glycolysis) jujjljfAk jill jjSjkll Jjkii JA j-° ^ aJA jl« Ahjki 
eaj 4 (Embden-Meyerhof-Pamas) — S I jAikl (EMP) LeA jill j 
(jus (jlulajYI Jus£lA ‘(6.2) Jkull jS AiLsA al^J (Jju-alijJI j JA jusll j ; - jj ^aj 
^eiiall j* ^21 - (Pyruvate) eiulajjiA a-iAl eisA-lii J5A 

(^j51jSI A;l: ' _^a j£ll jauiAl ei.5tc.lij 4,tk (J5k. (jus — jAdl 2 A'. AikA 

.(9.2 JSuiSI jJA) ‘Tricarboxylic acid cycle 

‘ULjSSi jA\ AsSUldl (Glycolysis) jkdl Juki JAjus AiAaYL. 
jjjja jl ^ ..'I uA'I jkssSI Cllliua j3 ^Ah jajii J AjusA5?Ij IgJ A. jljj* Ci5lc.A silliA 
(^uuususll c 4 jll jSuslI ei.Au a j ‘(Pentose (C 5 ) Phosphates) ei.Au J, 
sAi jjijjSI « jiui JA jus ^jusuui .(Tetrose (C 4 ) Phosphate) ei.Au ja jjjjjj 
jJA) ‘"(Pentose phosphate “shunt”)" " jAAdl jjAl aLjA" aA LLA 
ajcLj eiiAju ^Al 5/jl ak (Jclijll JAjus (jus ‘ '°yll jl .(7.2 J1AI 

Biosynthesis ^jjAI «.A11 aA-J ah Aia.j£ (C 5 j C 4 ) jjjjAl j 
.( jua^dl (jAil luuajl NADPH Aljikus AaUa ^Al ‘Llillij ‘(5.2 J1AI ^)kjl) 

(Pentose jiAll ejAujiSI JcAj EMP Jc-A jl jus (Ajll. 
‘(Glucose 6-phosphaste) cAiuja-6 jj5 AJI jAiAhuj Phosphate - PP) 

^_ic IslS Aushtl jjjLuuslI 5A1 aUaausSI Asllxill j Asus&Vl ^uus _y y S 1 ■, Ajkll jl ji jli 
AjLsJ ^eiluul ^jjuull JlaiJI jusiSI J^.1 jus .AjJj Jjuua _jll Alkll uj jj j2l ‘ Ogll 
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(JjL .PP I 1 (JjIjLq EMP I 2 4-iIlxS 4. u^'i j j \jua 

tglilil Cjl-li.j ( _ 5 -lc. i—ll]all ^ItiJljj tLjajI (Jaj (_£ jjaJI glial] A-llkll ^Liii.1 (jji 

10 A^jiaj 4-JlxiII 4 tt -v \l ajiA ^ .C 4 II j 4 C<; II J NADPH II {_$\ 

. 1 JJI* 20 Jl PP_U 1 J*li. EMP— II 



DNAl 

RNAj" 

ATP j, 

ADPJ 



Nucleotides. 

deoxynudeotides, 

histidine 



Pentose-P 



NAD* etc, - 
Folic acid -< 

Respiratory 

quinones 



Purines. 

pyrimidines 

Threonine. 

isoleudne, 

methionine. 

lysine 



Phenylalanine. 

tyrosine, 

- tryptophan, 

- p-aminobenzoate, 
p-hydroxybenzoate 



Aspartate 




Sugar _ 
nucleotides 



- Polysaccharides ' 



Cell walls 
r etc. 

■“Storage 



S' 



Storage lipids 






Glycerol — ► Membrane lipids 



Serine - 



Purines, 

pyrimidines 



Glydne — 

I N 

Cysteine, methionine ^ Porphyrins 
etc. 

Alanine 

"*• Valine, leucine 

Fatty acids, lipids, PHB, polyketides 

" *■ Mevalonate, steroids, carotenoids 



Cytochromes 



Porphyrins 



Chlorophyll Vitamin B , 2 



• Glutamate, glutamine 

1 

Folic acid 



Arginine, 

proline 



CjljLueall oj I *jj j»j (jgj'it (jgj'il diljluw jjwSa jj : 5.2 

j£ tntnA a'I ,-McJ jU . CjIjLuu l^jUabjjl jiAlj Jaii fjjjpA] gUali -U-.lijjjI 

Olifri J iNADP+ rNAD+ JljlWI j "ATP" AiUal] AJjUJ CjUujaJI QH ^UaUjVI 

Lf ja&jj±& jL-alkl jA ^iSI PHB II Lai .jcJI..j^jj^I o^j! Ai^ll 

jlj^il .cAi^jAll As-j^a Jlaj ^iSI P_llj cPoly-p-hydroxy butyrate cjjjjjoj 

.A Ufoal! Cjbuj-ail j^Jaj j-uull 4 ja*m \jl\ AJjVI 
(jl_j Lolc. 6 AjJ))\y )yi AiHLs diLjojlHaii Ajulilo uni 4 Ji~\yLa 



L-AjSSI ILa (jLo ^3 jl ^-oll cAA al 4 _iJ^)*Jl Axojaull 

1.1a. AjLa 3.1 AiL^laJ AJaJjJai-cj A-alai-a ^paJ^l dlLiLaC. (jl La-a k\ 

.( 8.2 o^aill ^ jlll ^^ill CjI A- ilaJ! diLalaJ Ixjj 



CjLulill x> ^9 PP SI j cEMP (Jc-lijSI (_£^)Loba ^a. j (j-a 

^^-ajuaJj ^EMP 51 (j-a ^jLa ba a* 5 5*^*1 Lj^)JjfuSl J Vj cA-l^JI 
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ajIc. luj*: (^ill t(8.2 JSuill jJijl) (Entner-Doudoroff Pathway) 
Vila PP—31 jluwi jS3j (Pseudomonads) 

ajcIjj CjILj ji gu±> V Entner-Doudoroff jluu> jV o^a 

.(C5JC4) (jjJjSJl A a uiI^-v j 




— 1! (Jjjla jt jj£ ji&ll Jlau CjI jLwm (jla jC : 6.2 JS-ill 

:JU±)t\ JcLsUI .(Embden-Meyerhol-Parnas, EMP) 
jjS^lS2l+2NAD + + 2ADP+ 2Pi — > 2 Pyrovate + 
2NADH + 2ATP 

■dU. „\j, V_ y~- 

■ Hexokinase jallL j -a l-j , (1 

(Glucose-6- Ljliuija-6 J^£yl£ll jl jxajjJ >j>' (2 

.phsphate isomerase) 
.(Phosphofructokinase) fjjii (3 

■Aldolase Jijd >j>i (4 

Triose phosphate jjjljlll aj>i (5 

■isomerase 

Jjl$j.ill j‘ y e ' jc Jjj-a >_ jli (6 

Glyceraldehyde 3-phosphate dehydrogenase. 

3- -all— ^ 3 ‘"‘j'jj. lulSJI OjJLmS j~; jll (7 

■ Phosphoglycerate kinase 

■ Phosphoglycero mutase jjlijjfjjiuuls >j>1 (8 

Phosphoenol cjjtjjjL J^jLI Lh» flail Jjja» ^jjli (9 

■pyruvate dehydratase 
■ Pyruvate kinase LjjlijjjLlI S jiui pjjii (10 
<jjUlll ^JJiuiVI UjliwjS DHA-P — 11 JJ 

Jl G3-P — II j (Dihydroxyacetone phosphate) 
Glyceraldehayde 3-) iliuija-3 JjLjj.111 j—j1s 
jjc ijlia«ja (jji Pi —11 Ui .(phosphate 

jjijim 

lAliuji - 6 - JjSjls Glucose 6-phosphate 
ajliuja -6 - jjlSja Fructose 6-phophate 
(jllu-6‘1 jjlSja 6 biphosphate<Fructose 1 

. Llli^jill 

yjj! Ljjjiuuls 3-1 G3-diphpospho-glycerate - 

LLlkuijUl 

Ljjjja«jlS jMji- 3 3-Phosphoglycerate 
Ljjjauuls jiu >2 2 2-phosphoglycerate 
tLjajj jIj JjLI jiu,ja Phosphoenol pyruvate 
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J^Lill JujS JJ Jl (j&a il&tC'lij AjlLv 2.3.2 



Tricarboxylic Acid Cycle 



( JjoiaII jl <Sj Jail j c. j tVl' (j> i» i ; j j£ ^jlflll ^Jjoi jj * .i*v ja < ajJI jl 

j tCuSjjjlj jl (Pyruvic acid) JsjjjIjII j«^ 4J >a J& <_J jA 

.COOH-CO-CH3 > Jl 

CJjjjUI JMJ 4 Jl Jl jUuJI Ja . JIjA JJC- jlj JIjA Jl£ ju 
A ^Jjl — J Jilaal JJ •djj^j JLli. ja LuJJ A 1-inaYi Jj jjJ Jll iiu&l 

4 (Acetyl - CoA) A J JjJ k _ s -^ J^nLj (Acetyl Coenzyme A) 
; Jlill all (J&laill juj La£ NAD II a. j ja. Jc’LLlI ILa tJ^-y La£ 



+ NADH + A J JjJ < — NAD + + A ^jji J + Cu9jjjIj 

jjj Jll .n.H^I jIj 

jl^j jilljl Jjjall CIuSjjjLJI aJ jjl A In > »il jj JaaJ Jc-lilill liA 
Jl jA^UI jLaJLi J jjjJI si-a j^=ua Lai) 4Pyrovate dehaydrogenase 

. (lLa.V a Jxu3 



JtilLj (Thioester) jjji ja s J& ja A J JjVl Jja J 

A bn,, J J J ja JiSill uAleu Ljia ( J&liill Jft i-ille ojAj jliaJ <jli 

^AL JLac ja t^pjl Jj jd yl j jj/l j^uall Jlj 4 (Intermediate) 

.n AN CAIcUliII A LA jlLa A LA <!LuiLjo (JLi. ja 

JLLill JJ jj Jl j=ua^ ^ik J (Citric acid cycle) J JJI 
J Krebs cycle "u^J" 5ik LJ J (Tricarboxylic Acid Cycle) 

. I £ a LA a V 
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uUjj&l t(Hexose monophosphate shunt) uliuujill j>n%!l 42jja2 

JelSjlL 4 SjLuU!) 

Glucose -6- phosphate ) uilimjifl-6 jA?ls <y> (1) 

Phosphogluconate ) luljSjlSjiu-ja <> <Jj> (2 .(dehydrogenase 

.(dehydrogenase 

~6 JUxlujI jlxj . 4_La AajUIIj Jeliill ^ 421l.l!) jIja!) (jjj 4AU1! jLUilli alt ,jjjj 
Glucose jjSjls cjLL*ja -6 JL\ 42jja2j Fructose 6 -phosphate jj 2 Sjill uLLuji 
-3 JU*iuilj jjjjj o jIc- 1 Luajj (jLu .Isomerase Jj>a>uuSfl pjiL 6 -phosphate 
us ^(Reverse glycolysis) 5 UU 1 jiu 2 l <uUju uliu ji 

U!c ( NAD PI I 1) jJj^S J^ju jLulaII (jli 42«l2 jjjj2!I SjIc.1 Uj . 6-2 J122I 

^-*ui Transketolase jljUS qA J ij Transaldolase jjlfjjll o"' uilelii 
jjki LfaljiiuiV (interconversion Jj5U ^312!! <^3151 Jji £y ^>) 

i^^ls Jfrli2ll 4 Ul .^jll 

glucose + ATP + 6NADP + — *■ 3 phosphate glyceraldehyde +ADP + 6NADPH + 3C02 

Sjlfrl Ail «& AjjIjaUi) i_ i&y lJ^ui flit!) Obi ax ! C5 !) J\ C4 jluil! 431 jl 4 j) ,jl) 

• (Js) ijSj l2 ju NADPH !l o - 4 Vtu)l 4 4 jifr j ‘Recycling jjjjIS) 
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Giu-zcse 






— ATP 

— i- ADR 

Glucose 6-qhoE|3ha1e 

— NADP 



— NADPH 
6- p h osph d g I neon a te 









H:G 



2-keto-3- dec* $-&■ p heap hog I u oo na te 

© 



G3P 



— ■#- Pyruvate 



<1 jJlj (Entner-Doudoroff Pathway) EDP jU*» Jcliill djka. : 8.2 JSUUI 
ijk (Embden-Meyerhof-Parnas Pathway) EMP Jm Jjj ULJ 
. (6.2 JiUUl jlaii) j ( Pseudomonads ) LjjjSj £l 

‘"ijXjKjS, „ ji Jwa pLoJl (1 :4 j]U]| UjLajjjSfl Jlaj 

■A specific aldolase JjIjjII fjjji (2 .(Phosphogluconate dehydaratase) 

(j!j (G3P) jl (Glyceraldehyde 3-phosphate) -3 Jjai 

.6.2 JlUUI Ci j£j CiLuj&\ jj (Pyruvate) ujjajjjL 
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.(Tricarboxylic acid cycle) Jau<SjjjS 11 UiUlil Alia. :9.2 JS44I 

J, Jclja j**La .ATP/ADP ->1 JellSfl J GTP/GDP JUjU ^ 

US AiiaJl JS 

Acetyl coA + 3NAD + + FAD + GDP(ADP) ->■ acetyl Co - A + 2C0 2 + 3NADH 
+FADH + + GTP(ATP) 



clSjjauJI C-iUnj >j jji (1) :Jal j-aJI ‘ -u aaj A j 11 Ml dUjjjVI Lilli jjja^lj ^j£l 

<> a^jjAjA Jj> (4) .(Aconitase) ijjlljSi (3)j (2) .(Citrate Synthase) 
-2 c> <Jj> (5) .(Isocitrate dehydrogenase) < iiujiuJl AjjU 

AjjjjjS— e jiuia ^jll (6) .(2-Oxogluconate dehydrogenase) < CujjS^^Sjl 
i rnn.A..i1l <> Jjja ^jll (7) .(Succinate thiokinase) tcjaUAuiil 

Jj> (9) .(Fumarase) tjjjUjja (8) .(Succinate dehydrogenase) 

.(Malate dehydrogenase) tiiulUll yja.jjjj* 



gi CaUa jJl (Citric acid cycle) oUuaa. Alla Cj^Uj y) 

jjjillaj jLal] J jJJ i(9.2) JSuill 
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2 SI Ig-A&l (j-aj ^( 5.2 J^S' ^>^ 1 ) ^Li 21 a lijm j a 2 jl j JA Jj 

CyUijlSlt ^Cu\ 3 JdLdl ( 2 -Oxoglutrate) dsjj jK J 
3A=>-jV1 j (Glutamine) jl£U UL. Jld ^111 (Glutamate) 
j£lj LdJ Aks^ jJl cl£jA j-j t (Pro line) jJ jjJI j < (Arginine) 
c(Porphyrins) 33a Acli^l JdLk j^i (Succinate) c:.u:n. 33 J 
ejjjjLuiVl £-ndj 3 3-vuA'l (Oxaloacetate) c±nJ jll j£jVl LiJ j 
.(_jAc. ^ijli jlajl) AjijxSli (j^aLoi.'il (j-« <2 jIc-j (Aspartate) 
' n Al 3® ij^ (jlj A j£ aLsISJI a . . .'.£V 1 3® ^yA 323 



.(5.2) ajaall 3^1 .a-Laj 33.3^1 



3-ia.lj ^LiSIIj \ g lii >Vi j^ai 3 ti“< ■ .r< *y (Ajjluill tiLiclij aII^. jj 

^ a. 131 aIii. u^ll 4_JjVI 3 _ja!I dLj! Ills . 3 3A I 3 jA 3.7 i-b 3 ^ 

eluu 11) ((JjlLall ^gk .HUall ^llj] ^gk (J^aaj dill ^glc- l-ij j"n . 43 3ill C.UJI 
4 _iljl 3 j-o 33 3I ' j \l*v ialaj 33^)^ . \n »SI ^^1) A J.)" 1 * A I (J£ a ,l»,.i£l 



1 g i.ni 33I3 dilute. Hill 3^ Aalill alA 3)^ dll 31 .^jjill «.li±il 4 _iL&*J 4 _s 3 l£ A k i > .1 j 
AlliJ i 3 ^p^all i_(iJLall J 5 >Vij Jj (JlLij 3^ ^jtill *■" \nj3ljl' 3) • 3 AA"^ 3 A 

t * 

AJaJjuj^SI Lo£ tASlia]l ^a^Sll CLljlc<lij 

^»l jilll 1 g ^a fijiA ^ La^ic-j .( 10.2 (JSjuJI ^ jj. 2 k]l ^.Li 21 aAj^\ 

^jjjjjal! (Oxaloacetate) ciu-^l jll j£jl ^tij] i>Ac~\ ^^Ic. 15 jjc. 

Aiajjoi^]! aJ jVI j t (Citrate) 4 jLq* \ 

jrl^j ^j!^)aLu)I i^ja ^-b^a..j Aj 1 c« j .(_£ ^.LlJI AjIaju IajLiiLojI 

^)a ^.,,VA^al LiA J .CJ j\ UJ^ ^ jSaC. V AjV tASUaSI 

•-J^J U-^-^ (j -0 <■“ n‘unl^]l^£ j\ (jl JJJ^'I 

pyruvate + CoA + NAD + — acetyl-CoA + C 0 2 + NADH 
(Pyruvate jM->..^ jjjSJ I ^31 Aaldl 12 =luiI jj Jc.liiil 11 a 

IjUc 3I3 aIUI a 1 a 3xs 3 Cijn.il 31 j 5 jVl 3I Ua 4 3S1 j .carboxylase) 

3 ^ 3 ^A 4 l Idiil ' g <ijbVi 3^ A^ J-Q'N ^ (_Jld.es) 
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<iLa*_il ol}& fini* 1 Jjj .4ijLolLo ClsllaSj CiiLil jlj AJi (Jj!ijaiVI (j^Lj 

A J J J£-VI Jc- -lai*-l (_g ill j ClliajjjUll (Jjjoi£ jj J AjUial jajjjl (JlCi. 
(jl .(8.2 s Jail jAjl) ijjj (Positive effector) jasd2 

A _A Jj"i . LiV 1 (jl£, LalSij . (Jc.li!i]lj cjl (jjJu _jj AMLj A J Jj"i . LiV 1 

(j-a (JS iiSv\ g“nnl J .£- JjoiI ClliLil jll Jjl ^tijj <lLaC- dljl£ 1^)3 j!La 

Cllljinll lillj J tAjjLaiLa 1. n.llj A ^aJ Jj£i JiulVIj CliiLal jll jfi jV I 

(j-aaj Jl ^cyj La^ A J JiLaVI jAj-* u ^ ' "u i — .(Citrate) 

O' 0 Ott* 1 3J--1& <11 jj aJ^jl cl) Aj cj^J t d n'q jjjUl] JlLiuSi JJI al^jl JaLoij ^3 



Jjj V (Pyruvate dehydrogenase) cjj jjU cJjjjIJI 

4 A 11 (j-ajJaj AjIaxJ! 6 « 1 ^j . '\)*J La (Jja k J ^cVn-x,^ Uajujlj 

E lal (jc. (jjl j j...a2l (jjleUull (jjj (jjljill f» A 1 Lafi tCilj Jjjaill ^lliil j' jalml 
cJclijll (j-o £-_jjll Ii& .(11.2 (JSuiull Jail) Clujjjaill ^inAll ClljV! jl j-all 

^^-aiijill (Jc-laillj Cilia jjjUII < 3 UCalj J*-! c_ 5 ^ 

.(Replenishing) yijjj J\ a J* scl&i j*j ^21 (Anaplerotic reaction) 




Jilj (j liaa Cj^Ic-Uj AilaJ Jliill jj 2I j^Jaj ^uj : 1 0.2 JSdJI 

Oxphos .ATP cJ^Ai ^stlaj 5iaiij kAj\ j| >a jAs^ (Tricarboxylic acid cycle) 

.S j4^*i41) j dAui&V! AolaaJ j-4jj 
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A fjjji J/iji J (OAA) jSj^U (j j\ i in a (JJjIj AjjjS j$2aj : 1 1 .2 JSdJI 

laLij Jjiaj .(Tricarboxylic acid) j (AcCoA) 

A Jjiuil aJxjIjj Pyruvate carboxylase (2) CiAjjjUU JsLuiSjjjS 

.(Pyruvate dehydrogenase) (1) ,y> Jj> ^jj\ jLiidl 




.(Glyoxylate bypass) JjJdl CuL>&j£l£ jIuiaII JcUj j$iaj <j-Lu :12.2 JSA1I 
4-mdl (Tricarboxylic acid cycle) o^ 3 - 4 * 4ila. d&elij 4ildal 

<.(Isocitrate lyase) cjjjiuJl Jla-a fjji (1) <> ditelij dU* d0.2 JSA1I ^3 
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Ci* A*HI AaiH Lai ^u< jll L«s . (Malate Synthase) nJla ^Haa ^ jj| (2) 

3 sjiujS ^jjl Aj ^ ill w at y " Jjjjil jLuloII JLmlLuiL A ^jjil j& <>jLa 

411 j A“J ‘(carboxykinase phosphoenolpyruvate) J^uiSjjjS (najjjb JjLIjiuijfl 
.(14.2) jnill tjk US Reverse glycolysis A^^HtHI jjijls JjI^ Ailae 
JjI^jJL) CjljLill L£Aij Ajj^a alt fU&VI (j& laSa JjAjII jLuaall lit Jelij CA Ui-vM a 
jA^taS (Triacylglycerol) JjjaHS JjH ^hVu4 He. Lae jjlall jjial! 

.AHIjaaJI L5laJ) (ji J^aaj V Aj£lj .jjjjH] 



^tjHuiL jaIU (glyoxylate bypass) JjhJI CnLSj^S Jjma 3.3.2 

(C 2 ) UJiJ^ AbEu CjLS ja 

The glyoxylate by-pass for growth on C 2 compounds 

He. c-AI h > uLj (jl (Jj,i ^AL jHco. *A ql~s 1 j^Aij V 

(JLa*Hailj jl (C 2 ) (j_JJJ^il AjjIjj Clsb£jx (JLaaJUab jHj ^all A_j % all s-LlA^/l 

l$j ± 1 ajLa aj! J ((Hydrocarbons) ujaj^' J <jnUsAI 

A _jS> (J j"i > lit (jl .(4.3.2 ojiAll ^>Iajl) C 2 (j_$JjSJI Ajljj Cllllj^ya. ^ bit’ll j * .L']' 1 

(ja a11a£ J jH-aaSI AlLaaJjojI He. CllLUauVI (ja ejaulaa jjaCu j)l (jSLaJ 

^ (JLaJI j& LaL n.“n‘ij>>iVI (ja VljH.1 JJ^I (jj£L J3 C? (_l£^>a ^ 

^3 jyAa yt LA 4 Ethanol) JjjUbVI J (Acetaldehyde) hI^Ah^V' 

:aj11j 1I cAlc-laill aLAui 

NAD+ NADH NAD+ NADH ATP ADP+P, 

■ acetyl-CoA 



C 2 H 5 OH 

ethanol 



CH3CHO 
acetaldehyde 
(ethanal) 



. CHjCOOH 
acetic 
acid CoA 




C4 j£ uSja ^1 C'lnn A I a.la.j 1 $j 3 J jHlj ^^l Aij jlalli 

(12.2 JiLJI jhcl) ((Glyoxylate bypass) JjhII CuLAjjLA jLaaj 

p & 

^_Ab jHu. dj jA ^_9 A.la»Amall iilL ^Jl (jjjsLjal j)jaj jjl (JHAj ^ . A'lL (_£A]Ij 

j ((Isocitrate lyase) cnl jiAl aaaL Jl^a Laj jjl U& j jjj^II 

(Isocitrate) chIjUI a^A J /il .(Maltase synthase) chL2I 
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fjjiVt j .(Glyoxylate) Cnk.5 j (Succinate) c~ij\n <> JS <J) 
^ejuj V .(Malate) c~\2' xll diiLx5jAl£ll Aj5 J fn > J <aldalj ^ jL ^221 

^^2^ ‘(4.8.2 s^aill jlajl) lilllj ^1221 "ijLdl ^^lli JUC- VJ (jlxjjNI (jl A 



<2l*i i_ic.Ljajj cluak C2 JjjjSII <222 diL»5^>x ^ic. ^jj^ll jjjlSJI Sic. 
(Ja-o (JavJ V ‘"n\u*i5jJ^)lS jLuixll jj .a^ya 50 20 (jx (jJxjjjVI (jjl& 

du Jj jK j uS jl — 2 II All ^—Ic. (JUla I (JluiS yl j2]l (j22j (J^ix* 1 . Cjvlftliij <ila. 

jj jx (Isocitrate) dujiAl cd jx <^Ail jdii ^21 (2-oxoglutarate) 

^jjl AL 2 j Jx ^Ciixll Ciijj>.i 5 > 2 l J ,£tJj . . . Jjj j j 2 l A ilxatl dul xi J[£ jJSji 

^2iN jl2xxll£ (Jay'll Cll llxC. ^3 <llx*2ixlj <Ajjj ^jj tdlljuxll <lld (Jla-a 
^jj duLA jAl£ll dAltH: <sla. J 5 ld Jxj jAy nillj .Ci nml j]Lx£jl dnllx 

^3 ^sLSSi <^21 4 C 2 dlAjx jx C 4 jjjjill <ic.Ijj CI 1 I 1 5jx ^^ic. J j.<n-\ll 

j^jdl (Jd^)x ^Idajl f Cn . 11 j .(5-2 J 5 .'Ml ^jjajl) C_^x2lj JjAll (_pa jVI dllllaft 
4 jlxc. ^aul dAa. _J^aui «■ jdi 4 jlx» 1 ^gJI C4 J_jJj£ll <JE-Ijj dLA^x 

.4.2 Sjaall ^ Sjj^iall j i(Gluconeogenesis) ^Jd*. jdj5j!5 



Carbon sources other than glucose JjSjlSH jjc jjjj£ jJ^uax 4.3.2 

A A 1 .1 jll dlA^jxll Jx jl LJ lc. (_jdu]l <iaJI dl 2 l£ll «^Wi..n 

- -J> 

^dil jl ‘(Glycolysis) jj5^Kll JAd JMd gSii jA\ (Intermediates) 
(Citric acid Ajjjx2l (j3->x% a aN ^3 duljxll dlxjjjyi JaLdj J5Li. j_j5jj 

j.dax5 odJc. J^jll 42 jl jl jx ^Adid (jl <iaJI dljjlSH jlxJ lx£ .Cycle) 

jx jd5j tJldiU <Lla (Natural compounds) d*jikll jl jJI Jia . jjijSll 

> 

i'll i‘KH dll dl . Ajjg -s <i\l <iall dAijl£JI *Laj)-id (Jdlj A^ljJJ Jjl^'ill A <ihil 

djllj (Waste disposal units) diLliill <11 jV <Jdl ^ <ij^-4l <?aJI 
^Ldl (Jj^aall Igln^ia'i f Vn > >1 j t<iiul! <ijiaJI <31121 Jla-a 'idJlc. CiUi^Al 



. ^jalC- 



(Jj 3 j » A J^i-v dill (^jdLaa-VI ^ jl^iC. (Jl"l<i 5 Jldlluo ^•_ji 2 i IjiA . Cl j| 2 j 

_jdi (jl <jjg>-all dlljjlSJI (jx j2i5JI (jl il ‘<ljg -Nxll <iadl dlljjlSlI 
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CH 2 OH 

I 

CHOH 

I 

ch 2 oh 

glycerol 



^ ^Lll j JjL« JAM (jl .«\l j ciu^ll (jjj >dl j eh ijjJjII 

(_ 3 jyls t^AuSLlI i_u£jj]I AjAj £ya Lai .(AjjLa A^_y3 20) kahili ojl^a. “La.jJ 
Fatty acyl ) jjIjsjVI ^ (j& s jL c. l$jl jj l^iu jjjs All* 

JAill jjjj La£ (triester glycerol 
CH 2 O.OC-(CH 2 ) n -CH 3 
CHO.OC-(CH 2 ) m -CH 3 
CH 2 O.OC-(CH 2 ) p CH 3 
triacylglycerol 

(jj£j J .16 J 14 j-AI <JI cJLLI p _JI j m _ II j n _JI j*J> 

AiAa jj ft J (Saturated fatty acyl) AiAa (Alkyl chain) JjJ LL-A 
• Jafyl (jic. sja.1 j A. aAIj CiLaiLI lj) (Unsaturated fatty acyl) 
•Polyunsaturated l$ii s.n*A A. jjj* -As' jj CiLiLI I j] Lai 



(R.CHjCHj.COOH) 
laity add 

ATP — H-S-CoA 

ZT® 

ADP - HaPO. - 

► RCK.CH3CO-S.C0A 

FAD (or flavin) 






vfL v 



• PADH- (Of flavin-Hj) 
R.CH:CHCO-S-CoA 
HjO 

A 



aCHOH.CHj.CaS-CoA 



, — NAD- 

©c 

r'-— NADF 



NADH 

V 

R.CQCHj-CO-S-CoA 
H-SCoA — ^ 



CHaCO-S-CoA 



R.CO-S-CoA 



new fatty acyl-CoA 



A JjA jluul <_£ (p-oxidation) "tlu" SiuSSfl dCtfrlli Alia. : 13.2 jLujl 

AjS Jj*J fjjil (1) cjLuyWI .(Fatty acyl-CoA esters) ^-aaJJI 
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(Fatty acyl-CoA ) A ^jj\ (2) (Fatty acyl-CoA Synthase) 

Jjjj jjjjj! ji i (Flavin) Jfotillj Usjjjj <y$%j CiUjlaill j yLiiJI J Oxidase 
LjjSjII J (Fattyacyl-CoA dehydrogenase) Aj£ Jj o^jjj jA 

2,3-enoyl-Co A ) Ajl — JjjjI 3.2 Jfr t La 4iUal (3) .FAD — j laii jj 
jjJj* Jj> 1I fjjjt (4) .(Crotonase) jjjjjjjS Uui (hydratase 

jsjjji (5) .(3-hydroxyacyl-Co A dehydrogenase) Aj£ JjJ J^jjjjU-3 o- 9 
t> JjJaJt u! -(3-Oxoacyl-CoA Thiolase) Aj£ Jj jjSji "Jjjj" JjJ 

.(2) JfrliiSI jjluLa Jc. <_sjii s jj» Jc.lal!) All& Ijjj u A ^jjjijS Jj 



Ajjg •n <31 f.Lr^^/1 4&\ jj ALuCiuuJI dl jjJI JjIV'j Jj 

ajL^Vi <L Jj (Lipase) jj jjV ^ J 3-kJ jj (Microbial cultures) 

dliLui 3 (Jj I li& (J jVn J t J jj.jjK j 4 >a (jjaLa^.1 j 

LI .(6.2 J12JI Jdl) (Glyceraldehyde 3 phosphate) 

Aj>J J J jluil Jjlj Jj (J jdil i" n-s ojjuiLlo 4)1-21 ^^-a^joill (Jrn<i~\ll 

(Fatty acyl- A jS JjJ jloLij JLll .(Coenzyme A thioesters) 

(JjjaiVI AiaiLai <(13 .2 3^31 ^lajl) Cllilc-lidJ Co A) 

.A 3^ (JJJ-lJaal C 2 ^ (jljjiAj <31^3 

(JlaaSl ajLc. jV <3Ji j .((3-oxidation) "liu" SAu^fyl Cl^oUj ViUi jLai3! Ija 

6 (P) "^W cs - ^ £^3-dlj A-IaJj 

(j-o A 3^*d Jc-lioll (j-a 

(JaujI L_iS^JG ^Ic- L ]x^l'\ ') (j| ^Jj 3^ ^JUjVI Cl3lc«lij]l 

I^a j ^(Butyryl-CoA) A ^ 3 ^' <-^3^ 

•A_^ 3^^ 3^ uAi3^ C5^j "^W 3 -0 S j j3! 3^U. 

Aj 3^^ii L-JjoaljjJ ^ 3-d 3 j^U £yu Jj V 

^ j <(13.2 3^dJ' j^') (3) f£ j csl <(Hydratase) AilaJt ^ ^lill ^3^1 

.^.La A^Ljal ^jC- 
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AiiLia A J.n^> tail JJ > a£j j (Jji a) A_lLaC- jjl 

e.llc.1 (Jbll ^y> <ll]j ^jjj . (_gajL/l CliLiLaC. ^^3 ^J^y.'.i mij ATP (J^t'ii i 

a+aIj (13.2 J^2J' ^') (Reoxidation) FADH 2 —5' 



j2ljl£ .H 7 O 2 l ~^' 1 ‘^2 

1 q\3-»^ 1/2 0 2 (j j?* >‘ i^ e-iSj^ *• j H 2 0 c-La Jl H 2 O 2 Catalase 



<Jjg -s <31 A_iaJI ll)tul£31 (jli l3^Jj .Ajjl^iJI 43LUI jya a^uS lllj (JLLl. j)<a 
Ajj_jja aIuiLuj dllj (jjlSLl! JlLa A^jHall A )a^> 111 (_paLa^.Vl ic. (_pj*j ^lil 

^jiu La^j .CijIjaJI AsUalt (> aJjU C-aS giz (Long chain alkanes) 
A \ )A. c I^jUIj A_ia^joi1 I (jiUatfl* CnA^ll jljJI oj ‘djJiai Ja-ill 



<Lla AiUa dlli 4j^)£jaill jlj-al! (j\k ^^ic. ^3 £-a aSLUL 

^j-a ^al^lll] 4 jLaC» (Jjli-ujJ ^aJJ JjVI 4_ilc « j . 1 J Um 1 (Jlc- 



(JjJaflJ Lanj .Jjjjil! ^j-c 4 6^)1 urN JbIj cilljj 66^)1^)^ ^SUalt 

(j^J^)Sl! j AiiLUlj ^Jj 4-^.L^JI ^ic- CIAj^jSjoJI 



•CO 2 > M^l ^g-llj (JfjLuij 



Gluconeogenesis *>uu 4 u1a£ 4.2 

(c 3 ji c 2 ) a*ja J ^ A_l^JI alil±iH]l j^jj La. Vic- 

(^jaji a\ ja ^Jaxj jl tClAA^J-dl a- lh l^AUllujl 3xJ ^-Lutj (_£^ai A_a ]^1 aJ La (_^l jl 

n'\jnJ Lila) ciu 3 jjjUI jr'ljl a jJai. jjfui (Metabolic intermediates) LA ^. 3 

(jl ejHHll a 3^1 ^ j j jjJaLl (j-a3 . (4 /M' ^jiaLaSa'/! ji Lactate alliilL cJ^LLl 

A a A ^-axuJ j CiULaC. djCllrLJ-a ^aLajV ■ - i' 44 4 qLA ^ tc .1 ^j| ^la-aj 

<> jac-jlL .(14.2 JllLI jkul) (Gluconeogenesis) -i^ jlaa cjIa^I j 
( 6.2 j 5.2 JS4JI jliil) (Glycolysis) CjLjUI Jkj jLaa ejLL&lij < 2 i*-a Jt 
Cjj 3 j jjUII ejiuj ^jpl ji V) i (Reversible) (_>oll»jLU kLli eiiLL&li3 ^ 
‘(Phospho fructokinase) j ll_A' ejliaaa ajiaai j (Pyruvate kinase) 

.(Jj3j]I 3 I 4 - 1 ) (ja a U Lla -Vile, j t(jji£jtia (Jc-lilj jaLjall jl » < L"' . .»j y 
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Cliia jjjLII (ju lallUaij CluajjjU Jjil jin jail i_£jo ^tij jSuu V <jl Laj 

s > 

^9 La£ i^ajLuj 4-Jjl SjLo£ (J^mLLujj c ** n*i > mI I jli t (ALla clAU J Vj) 

: JL1I Jclaill 

Oxaloacetate + ATP — > Phosphoenolpyravate + ADP + C0 2 

Jjil jiui jilt J.uaS jlj£ a J ui9 jA Jclaill IJ Cc-l.m-all jNI jl 

4 jLac ja -jell j (Phosphoenolpyravate carboxykinase) ciia jjjL 

JiLaj jAiCa ' anno C n"n ul jll jl jjjSL A iLr. ^jCl Jin . CjuJI jSuoill a-jCH 
Jllll jCiA^ll Pc. jaiII cLaicL 3 ly .11 LaJ Lai t(3.3.2 ajaall J i-'/'.iiVI 
■“uLucj cilia jjjL Jl JlVn j21I (jiwaJI jli ciiiajjjlill jl (Lactate) 

Jj La£, aCm£l 

CH 3 CH(OH).COOH + NAD + CH3.CO.COOH + NADH 

Jj jLL ...£ jj jlS jil aCcL-.-xu Cliiiiil jll j£jl Jl Cilia Jjiill (J jail aJ 

: Jllill Jcliiill jjjjj La£ t ciila jjiill 



CH3.CO.COOH + C0 2 + ATP -> COOH.CH 2 .CO.COOH + ADP + P ; 

.eLlcI jilajA La£ CliajjjL Jjil jLi j3 Jj Cllllil jll jl Jjjaii J 

I^Jl LaS. jllll (jiuaia ^Jc jaiII <lla. ^3 Jclaill J.a’S a jjSLaj 

Lactic acid + NAD + + 2ATP— > Phosphoenol pyravate + NADH 
+2Pi + 2 ATP + 



j£mll JjlV' jLna J jllill aljNI ejCa ^Cc Jl <iuii3L Lai 
jjli£jall dilLuo ja ajLia ^ jil J t^JLiall Jclaill Jc (Glycolysis) 
6j 1 J jaIL CjILo, jail Jllill j jiSJ ji gjl (Phospho fractokinase) 
-LlLi JLU. j* <l£Aall Ja. jl£aL J la ^Fructose 1 .6-bisphosphate) 
Fractose 1.6-) Ciliijall JLi jjiSjall j* Cilaijall <11 jl ^jil 

: Jclaill J IS (bisphosphate 

Fractose 1.6 diphosphate + H 2 0 — >Fractose 6- monophosphate + 
inorganic phosphate 
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jj^i & ^uLi 4 j \ a& : 1 4.2 

a* l&Uaj) . (Gluconeogenesis sequence) 

4jauiljj (1) ^jj JjIuiVIS ajLa 

Glyoxylate ” Jjj 4I cjoLmS jL*« 

rnn.Ml^IjSjj (12.2 JiAlt jlaj)) “bypass 

^jjik JiyljMja Jb £ (Oxaloacetate) 
jjjjjS (2) AkJjj t (Phosphoenol pyruvate) 

Cu£jjjL JjjjI l _ r Lu£^jj£ a 



.(Phosphoenol pyruvate carboxykinase) 

djLL-,_jiJI ^jJUj 1 ‘6 jjjS ji JjaJL pj 

jLiil jlaj)) i(6-biphosphate«Fructose 1) 
Jlaj fji 4juIj 1» CiLajjji (3) <j}Jjla £p (6.2 
JetfjJI a jjlill (glycolysis) jUt 

Reversed glycolytic sequence ) 
fL»fl Ija JlaLuj t(of enzymes 

(jySaz ja lilimjS gSLl (Hydrolysed) 
aJcluwj lilljj (Inorganic phosphate = Pi) 
^Lu jjjS jill Sja CjILlu <U| Jl (4) 
.(6-biphosphatase«Fructose 1) cjliuijill 
J (5) j»J 

tiliutjS— 6 JjaJul cjlLoj^iil jj jLa.i 

-6 fjL .(Glucose 6-phosphate) 

.j 1 ul A ^ II jS ■ .ill 4 ** it ft ■« jlu n Aj JiLL Cjl Q. 

Pentose phosphate ) (7.2) JlAJI 

,_y£ <UL>3 lLuiI <ulall (jLaj U£ ( (pathway 



0 Ji*-ba 



jLjLui ,j-a 4J^LaJi L^jJj^u£ 



■ (Polysaccharides) 
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SI ^ ^ (JAIIJ AkVill 6.AA ^j-C J 

l^iij t (Reverse glycolysis) jiuJI Jjkj] aj .^*11 A-k*]l aIl J jj (Hexose) 
CIjILoj ^ 3 ^)LuiAi (C5 J C4 ) AjjoiLa^JI j A_ic«Ij^)1I CjL/.J ^aJJ 

^lil! Ajuiij jj£ jl^ll V .(7.2) cJS-Coli L*£ 4 ^ 1 ill A W 

t (Glucose -6-phosphate) Jj£ jlSlI cALu> ja 4-iu^J jixJI * ajUsJ 

t'Ac- j)‘n^ll diljS^a £-iL-aj ^3 

CjLijSLujIIS 4? jl 4 jl~sll ^jla. jjA 4 -jjjjAa 

. (jjiic- (_ijjjLuJ! J>.->dl) iAa*»all 

4 jj 1 3^J1 4 jj^-y.all CjliHAll AjsUall Ail jli 5.2 
Energy production in aerobic microorganisms 

4 qW j t(7 .2 j 6.2 S ^^4^A1I l . 51 < 1 . nl LLLaa 1 . >ijj' Al 

i (9.2 JAill) (Tricarboxylic acid cycle) Ja^A jjjSLII ClIc-IA 

(J-qI _j*JI J j.W <a (Jl J 4 ^l £-0 J-cljjj ^j]l A_iljl Ak±*jj J (__pajl ^ 

JH 2 )Vl ^LiiY FAD— II j <NADP + <NAD + 711 a (Co-factors) s^LaAl 
4 j <2 -FADH 2 j NADPH ‘NADI 1 ^-Jlillj l*$Aa a! j'i-s A 

SA*»a ClUc-lli a y^z. iCljl ^oAl ClAAll ^gi i C-llAjAl o^J (JljliAVI AsUa 

aA .e-La ^Ja^aj t" ';•>■ ' ^ jA' Q)T~ ‘ASH (Jljii.1 lS^I “M-gjllj 

Jal jdl Lai (Oxidative phosphorylation) SiuAyAI s jLAll cllr-lill 
LfrjU (Electron transport chain) "(jjjAWI ^lAl' ^All (Carriers) 
(jjjjjdl (_^l (jja. jjAa^ II Jjl jjj j ililijjAlYI <JIil -CajLilall CliTLc-lialli ^ jij 
.*121 Jill 0 2 o^AL/l ^-a LajUI 42 (Hydrogen ions - proton) 
(Electron transport- J\ ETP I jUaa .1 SjiuilL jjjiiiyi JA AA j 
^ CLaaJI Alii (jAuAI Ai^ll (jjlij coupled phosphorylation) 

(Jftj AjjiLai" iJAaoi ,f_g _jlA U- a 2j AjLaC- (j C. SjLjC. ^gj!i ' g “ClLajdlj 4 ATP II 

jAaiaj ICalSia LalJij (ATP synthase) ATP — 11 "ujj^VI 
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^3 Al 4 jjjAjSl 3jc- j JAI ^ i Si l A\ c-lAiJI ^S AjuSiya j Jj tdjlj JLxSl 

jl '.,.' 1 lSAc. J ajuS, yi jli (Eukaryotes) ALAJI si Jl 3J3 JAJI 

.(Mitochondrial membrane) Uj J Jail 
£. u^i J jjjiSSJ Jj AxA ^gi jjJWI iJhl AjAjjxII i."'I jU-sll (JjA. 

jx jjia3j ^3 (Pj) j ^axaAl ylC AjAxJSIj ADP ASJ/I 'S3ASI jx ATP II 

(jl .15.2 JSjAI jjjj AS kljllAxSI S-iLall A.x . ; A <■ _ Sjjlj i . ilr.\H ^Jj ikLxlAI 

( _j3a*^ jx J. Jj tdjlijlSSI i al'-S ^ J <jxij jjt> ATP 11 y u/i"i 4_iixC.j Ijlix 

Respiratory (JjjSI kAA AJ k _ r xA) <jj JWI <J kLuA J t_jjlii.VI 



<JSAI J AS (Lj-ii jS j"' Jl) ."'l i-v noil j "Sj jxll Aii j I .'jySill jjj (chain 

jY jS Axjjxul LsjjjSj .Vic. j t"'l i.,tl Sic Jxii 4.;\xAI AjlA Clixj Clip,. 4 1 5 . 3 

ja ATP synthase ^x^Ai j ATP— II J..A Jx*x jl .(Escherichia coli) 

c L5 jS’l Jl *^-7* Cy* * j'*J J ‘■“ .' » ' >* » II ^gSajC 0xjajx j3 tL-lSjx jJJJjJ 

jj>- jj 3jg 'I jjj jjJ -J jjj AilJ ce-Aaill jx A^c. Jc. A \ j'S A AljjjJI 3 Jjjjj 

kLxLxJ JaAjJA A I j’ iS. .alt j^all l3jj A.V«3 .(16.2 [JS .Till) A g -i II ( Jc. PI 

J jjj] c L.a»II (JjA. jx ^ Jjj S j^JixSI CjU jJj J jx 3jJaSI jli j jjSSY 1 Jaj 
^Jc. 4xSI jlall CjU J jj J Jx*jj 4 (A JjjAl SiUall 3 lA jj) 4 _jxSAx1I A ^ -a. II Jc. 

Jl (_j3jj A t Jjxll jxxSa Jjj jAA JjA. jx ATP synthase — II (Jj*a 
.ATP II jx t-(_£yy (JjSjooI (Pi) iS J^»C.^UI jjix jill ^x ADP SI 0x3 <jlx6 



jx .Proton motive force = PMF JjAAS jjSj Jl s J aSILII s A ^jxxS j 
JS ATP synthase— 1! j j jjjSW' JA kAA J jx j «.lAiJI JAa jl ^Jal Jl 

AliA jj£j j)S AS 3 j j3 jxj t^)3a*AI j i Jc-lijSI Al Jal jS Aj y> jxiAl jjlAI 



.Sal S\\ jySi j jS A > jjl .' j; 4 j j ySjlJ I jij AA T j jjj jjdl S J 
(j^ij-S li j£Aj Sjj3AI ajSAiSI JljAVI aIAJ. aAA, Jl axuALj 

: Jj Aj ei2)lc.lij!l 

NADPH + 3 ADP + 3P, + \ 0 2 -* NADP+ + 3ATP + H 2 0 
NADH + 3 ADP + 3P t + \ 0 2 -> NAD+ + 3ATP + H 2 0 
FADH + 2ADP + 2P; + \ 0 2 -> FAD + 2ATP + H 2 0 
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Electron transport-coupled) SjL-411 jal^dl tPP =15.2 JSU1I 



LjjjSj (t_j) j Lj^jSjliLa (|S CjUslauJI (S) (phosphorylation System(ETP) 
Electron carriers jjjjjSbU AaUJI uLS jUI JS ^ ^ .E.coli ^VjS LAlP' 

(Jjj& ilUA £)/'" a 11 Ija j£ 4jU»ll j^UiL LLujjj jUfr 4JU> (jl ua 

(jjfrjj ^11 liiLfrlijil iluilui » . .. a L jjjSj ^ - j/’" ^ " UiS _i (jjjjiWI lIlUU (jjj 

.(Jftlijll (ji jAUa jA US lU ^Aftl ojjjjjSIj <Aj 

(jl j| 4 Jj2J jj& jA ATP II qjjSI! ADP II ijLaii AoLaxl a— j jll ^ Aluall jUI jaII (jl 

jjc uSjjJI lU jajjj aulaII ATP synthase iaS jaII ^jiil ^ J.ua.u U1U 3 jlmill 4jU& 
■ (16.2 JSU^I jliil) a ji< H ill (jc AJjJ^tjuUI j aUUH ^uLjUII AjSja, Vj ai Iaa w aa 

4j!)/iill Ul^Lc-lijllj A jSat 11 liL ^ya jj^IaSI AXP SI (J 4 jlc. j 

SI a_uU ATP SI 4 _ s lc. liUi.1 (31 S=>j .2 j 3 A iXmiImuSSj ja oj_j£iaSI 

i a * <Vi (Jl jsul a jSac . (Ja a -nVuS I ATP — SI •‘UaSS (_A*^ l^SIj (P/O ratio) P/O 

. fjUj jj£S) Jaj vilSj lUjjIij H 2 O Aa J) aJj^jj V 2 O 2 (J j> > A I 

A .31 ^ja 1^1 j Jja L>® J J ^ aSI AXP SI A_ia£ 1.2 (J j-lAI -a-l. K 

viiSj (jA 0jliSI Uiia jjjUSI i_j|>laiuilj (6.2 J^uSI) EMP SI jLaaj ajAaIui! ik. 
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Lila. jJjj La£ .( 9.2 _jjj£ 3 I (_paaa. <ala. CiAlc-lij (JNl ^j-a 

JUujl “ClLaC. (JUl ^y> (j_j£>j J J al ATP SI 4.)aS ^ln» a iJjiaJI ^3 

.(Citric acid cycle) cdijUl (_p=uia. 3ik cjN&Uii l$jl jj 3! j l j J j£iy\ 



jjSjlSSI a-i^Vi. ill A jU& (j^ ATP— SI ^jSlla :1.2 J j.iaJl 


ATP— SI c> (mole) J 

jL-JI j_J-Q Jl^.1 J ^IIaSI 




(hexose) ^lAaJI 


:( Ciia J) ^1^) ^^1 JjS^ 


(') 2 


J>a 2 = ATP— IS ^L-ll c laAI 


6 


3 x Jja 2 = NADH 




i A (JaIujI J! eiya 




2 *iSU j! Laa 2 x) 3 x Jja 1 = NADH 


o 


(cilia 






18 


2^Ujlaj2x)3xJja3 = NADH 

(AjS jjiuii 


4 


2 i^SUa jl Laj 2 x) 2 x Jja 1 = FADH 2 

(AjS (JiiC 


m 2 


(AjS JjIluI 2 lilljA (jl lai 2 x) (Jja 1 = ATP 


38 


JS1I jjJI 



jlajl Jj-4 2 is&J 4-ilc- <jLaj ^ ill ^t^Vl -laJI Aja^I di& jjjaj AoJljAliU) (S) 

AjljjaKjjj d aJoui)jj ,(9.2) JiCtll jiajl tGTP— II £y* A^tlSI (l_j) .(1.6.2) d jiiil 



(Nucleotide diphosphate kinase) ^Uj 




Electron diCaUj ujiULa. .ETP — II £jl yki\ AjL ja :16.2 Jiuill 

iljoilll Sau^S ^js Uiic. .(15.2 Ji—ll jlalS) iuieVI <>^a transport carriers 
4jjiSbuJI A^aJ! jaJ f Uiill jjc liLjaj AH2 — j IgJ }a j^IIj (Reductant) 

ATP II lilljj - j jii 5 yA fLiiJI lllUjJJjjll iHt jj*j >J A ' J.'.A j) ja!) - y*. 3 

.Pi (| jJaxSI jjc jjiuijill ^ A DP— II jIajL <illjj ATP— II AjLic ^yJI synthase 



Anaerobic metabolism <_>2ajVl 6.2 

General concepts A-alc ^lia 1.6.2 

(Oxidative o ,. s :. .i£i ydl AjLaC. V 4-ljl _ j&V I Sj^>Ia ^3 

lUjjIai! <aUdl J ajLlU (jIaj V JUlLj ‘phosphorylation) 

(JjIaj 4jLq,C> <5L!a]! *■ . cJ 9j^)Jall . 4 jjui..u^) 3I .Istj 

AjjI jAXI! AiL^jIallj <5Llal! ^Ic. (Jj),A^a,^k,n AjLaC. .A^LoaLoiVI AJjVI alkali 

^(Substrate level phosphorylation) "aJ jVI i ^ ^ SjLuil!" 

% 

.AjjI Aaj^JaSlj ^ AiUa %15 

(jdx-a (j_jj s-LiJ ^)j£l jl j! i*Nj cillil 6^2.2 j 1.2 

<jj Ljajl ^ x^ajj .^jI^JI ^Ikiillj *L<a.W“u^o Laj <j^)lLo j 

Ij-lC- A,l\^kll ^jla 6^jl ^A^UI ^UVllI aJ^jujI^J ^S-uJI .VW ^ (JLa*ILujIj 

^j£judll (j_)j JU*1 oAj Aj_jlLo (j-o Jal 
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(jj J t^jSLa-o kijUall ^tisj 4 jAll J ijLaj kijl i_S JJ^' ^ 

SjIcJ ^ja ajV tA-J jVI i^yu A_^jLi3! Al^yiA^II aSLUI 

o.Wi^l ^ja Aj A_ilc.j ^ oAj.W^a Ig’n^ (j) Aj^)1 ^qj-u.i1 

a J*iuai j\\ jjjjil! \\ a jl^c. ^a aJjilJI 

L Loj (Jc-lilil (j^'vljj .tillil Aa-uIi 

X + NADH -» XH2 + NAD + 

Substrate-level ) AdjSh jIjaSI ^jiuw ^ S jiuall C£lc.lij :2.2 Jj^aJl 



Aul jaV i-ijjla (phosphorylation 



jLuujVIj j&ijjii 


^ ^»UL4]| J&lftl) 




^LujIuV 1 £joi! ^ 
6.2 


-}" du^j-nllS v i' i n \ 3 . 1 

-3 4 - ADP 
ATP “ 1 ” du^joui^ jQii'A 


(Phosphoglycerol kinase) 




+ (.*’ \ ft j jjIj 


C1u9jjjIj d^jSjoiS — 2 


6.2 J£ 2 . 


ATP + Cjia jjjIj <r — ADP 


(Pyruvate kinase) 


^LujJjV 1 £jo)I j 


4 — ADP + CllAjij3 (Jiijall 
ATP + 1 " A ■ -t 


(Acetate kinase) 


LijjjSJI ^ 
Enterobacteria 


ADP + CilLuija 


di ^y\ — 4 


^Ic- LoAic. 


ATP + Cjljiijjj4- 


(Butyrate kinase) 


Allantoin 






11 IjjjjIj ^ 






La^jc. Clostridia 


ADP + ClliiijS Jia 


jiiil£ CyLolijlS — 5 


— 11 


ATP + CuLaljjl£ 4 — 


(Carbamate kinase) 


Arginine 

Clostridia 

aAa ^Ic. ^ '*~V' 

Xanthine 


ADP + N 10 -formyl-H- 
Formate 4 - Pj + folate 
H 4 folate + ATP + 


Jiajja ^lUrVi ~ 6 

(Formyl- Cul ja jjJjUI Ju 
tetrahydrofolate synthase) 
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IAU. IgjIL IgJUatjjail |SJJ <1 j'U .all UUall (j A -Las ILils ^ ijj 

aJsjjjj a_JjI (jjj^S jIj-« Jc-laij (Jlj!li.VI CjUjj^. jla U111 

.(>- 7 j - 1.2) JSU1I US Uiajl ^Ijisy tilljj t(Carbon Intermediates) 

21U. (jjSSaSI ATP SI ^_U AjUU ^)2j!Lall ' _jll Ajjllall jj . jjls A_ilc. j 

^ic. aILoI (2.2) jj-iadl (ja^J .Uljyi jI_ja13 a_1I _ja1UI jj . .SM i j ^ jUr 

substrate-level ) US /il i-USI (_£ jlu.n.xi a jSxuall ULaC. 

cUiUSSI jjj SjjUdl UlLSI U^S <^sJ ^jjliii ^lj (phosphorylation 

1 . s-> 1 i ql'U'i US ; a 1 _jU dLuUaiUI UljVI a-iUSI i. i i ql'U’' UUSj (AaSuUSI 

^jjjl a_^.UiI lyy (jlSIj tJc-liillS ^Igj ^eUaS ^Sljii ciimjA/l (jlS U Ijj 
.(2.2 Jj-iall jSsjl) JUa (Acetyl kinase) JUuAH SjUi 

Ajj^jsU' frU^Vl ^ Ja y Uiil yALSI Uj jUSU 4_iLac- (jj 
^ (Lactic acid) ^US' (jJaa^SI ^-ayL UUa .Ual^)ll cAjIjaUI UaJ Ujjj 

al^VI . ^JaLa^ll ^IxJl J^U. (jjj x Cll^LjaC. 

jjj A-iJ (j-o a^)jj£ jjl cilliA cA-jjg 

^jJalA^Vl J ^i) ^g-iAll lg-Lo 6 ^jI (J£joU (jjlSJI 

ciij (Butyric) £ <o ^ ^ u^q\l a_LoiLjJI dil j a /a\l 

Ethanol J ylAI j Propanol JyLjjj JU J ojUSi US ^Propionic) 
TMcthanogcnic bacteria) jUUS sd Ul CjUISJI .(17.2 JSU1I jUil) 
a-i^J ^jUj ^jjIaS (jUUlS (Jljllkyi Alois jl ^IlLj USi (j-a Jbtui c_jA jj J 

• (17.2 ^c2ax]I 

^)£joJI (JjtVi cj^ 3 Cy* g c** (jl a\\ 

aIjLi jjc. jl j uJ aj-uj c6.2 JLslI ^ (Glycolysis) 

AjjoUJ^)]| aIjLuJI A_il jVI A.al-k 

2- Cujj jlSj jS jl — 2 SI ( _ s -uUj JSjjljj t^jjj^jSlj ^jaUI JjUII ajUc. JjuUuij 

11^1 -jUVI i_a^JI ySS j c(Oxaloaeetate) eiuLol jSI jSjVl j oxoglutarate 
(jl a oUll U CjIUUj (j-o ^cjUSI NADH SI (jl jj i ULUS I ^Ul (jU jl \ 
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a.Vii^Vt Jc-lij] ^jNlI ^Jc. L/ A2ill (j! LJUa ATP ^2) (J 

jjJ&W! JjiLwuj ^j;-N. .XVI jjc. ojLa lgj.2 LjjjSjII £- l_jl (_p-»«.i (jSJ j ‘S^iuiallj 

JIIa£ .ATP II ^Liib ^aau La I.A «.( 1 5.2 (JSjill jj£aa]I) ETP II ^Uij 

Lja jc. (Nitrate) ebl jjjLiII -I ^jAc. Sj^lall 2ii aa^JI ciiljjlill blij l _ s Ac. 

cjjjj^iyi J /au A i jl a* j (Nitrite) eiul jiili ^1 l$JI jiil ^pll c t j j , > . U A ^ VI <j& 

(N2) csA' riUa-lj 4s.lia.YI (_L=«J ^ (NH4) Lii jaI ^gAJ bilj JjAiei ^ 

^jIuJI JaaiAII Ljajl jiiil) 4 (Denitrification) jjjjLAI _jA ajL»c. ^2 

(jliiiA Jj ^jjjj£JI aiaaSI ^Li Jljli.! ^c. Sjjlall ' Jlla Ujajl j£Ajj 

(jil (Sulphate) CjULJI Jljjii IbaJ 2 Ua t(Methanogens) (aJluaII) a2a*j 

(Sulphate reducing CiULAl 2^1^21 UjiilAI A_kJ # H 2 S jj-ii^ll aujjjS 

ATP— Jl t> aI^UJI a^aS J f^-jj ‘ J j^YI J £ .jj^aSNI Jj.ia£ bacteria) 

* - . 
^^■N"n.'l Laa i _ s lc-l jrtiNI ^.yn tA_isl j^ll Aii^JalU a^IIaII bill (j a ^aiiSj <Jal 

(Substrate-level phosphorylation) aJ jVI SAJI ^ jIaa ^Jc. s jLasII aIijLj 

. U W jl 




,_g Jjj . 1 ^ ill Jelili] R_j jLaj .aIUsa 4a AjUjII ■ Na*.. ,.Vt : 1 7.2 JieLl 

ji LjJI j2| jlUj |ji a UhL'l Cil jliaVI Jib AsJl^jll cjLiS ,ja1] (jSaj .NADH II JIaxIuiI oJlel (jl I 

uty (Succinyl-coA) AjS JaLaiLa Jjaj A jUc . uxaj .^^aJ (Intill aa.\ Cil& jAa-»j 
4 lsa*w o^aa (Butyryl-CoA) AjS JjjjjjjJIj i (Succinic acid) ■ Aj * J u kjtiAAi 

•ATP AaUall ^Lul (Acetic acid) Jill ^ ! AjS JjaaVIj >. (Biityric acid) 
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Products of anaerobic metabolism JljA^I u&LiiuiVI gj J 2.6.2 

J ‘Ujlli-o CIiIJja] A -nVuII 4..u.a.u J 1 17.2 Jlill (jJJJ 

L JJI Jl Jl (j^ J3j .4 J_j&!)UI ^-jjg >■«" CjUSIHI 
4jlac. i_ia jj jiic. jjLuiJI a L » ul jj jjj ‘(Glycerol) ‘<J jj** 1 J ~ 

•Jj^j Jj cJjjjb 

Lactic acid Jill LjjjJII lJL ‘(Lactic acid) jj - 

•bacteria 

LAI 21 IjjjjJII Jja ‘(Formic acid) JAII - 

jLll Cu*jJ cj jjjL J s^cLauu lilli j ‘(Enterobacteria) 

Jl3 Jj J jpi J J-^ J** jjll j .(Pyruvate-formate lyase) 

3 J 1' i-1^3^ ^ajJjjl SJC-LuiaJ j V . >i < *'l 

.(Formate dehydrogenase) Cu* jjll 
(jjujjLaj J£Lo: oLhjoiaII jLaiJI 4 » n -n 1 ‘(Ethanol) ‘J_jjlLj — 

I j Jia j i(Saccharomyces cerevisiae) 

.cAjJaill J J (Zymomonas) 

JUsj <alik^ LjA) Ja ^ya ^ u J ‘(2 ‘3 butanediol) Jjjjjljjj 3,2 ~ 
t> i$ J.I J J luj j (Serratia marcescens) ^ yi ^. jla Jil jx uo 

.(Bacillus) oLb-a*JI 

J Jj jjl (jjaajj (Acetone) j>Ji ^_a (Butanol) JjjLjjj — 
Lj&U Ja ‘(2-Propanol) J Jjjjj -2 J (Propanol) 

Jjjjjjj (_ga^ JJ Jca*jj ‘ ( Clostredium spp.) J 

.(Butyric acid) 

Jjjjjjj 2 J (j* jfall ‘(Propanoic acid) _ 

. (Propionibacterium) 
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jjSjKlI ^)JC. -}l_^al (_paj^n ^ya ^cljj .13 (_£^}d djLd^a 4lLi& 

(j^La^Vlj ^LjiCI Ji* (Organic acids) C^dudl <jdlaaAl£ 

.(purine) ujjj^' tCdaVl 

<jjd£ ja (17.2 J12JI ^ (jjfo jjc.) uj 
Li£jl ^.auu (J^o^tsMI Clift Lljii^J A^liili |» jSj t(J!jii.VI L>a C».j.l <j *^a3l 
jajajj i(Archaeabacteria) -i dull ^1 Lji&jll ^ j (Archaea) 
(CO 2 ”1“ (jlliixij (j_Jd£ .\n A1 dunuiVI jUajaijl JSld (j^i l.lgj 

jl t C0 2 UJO^ 1 ' '\)“St (Jljiidl t>° Idajl jl iCH 4 ) 
t(HCOOH) Jdll (_PaAi. J t((CH 3 CH 2 OH) JjtoVI J <CH 3 OH) 

.H 2 11 CjLiIaxJI tilL J£j 



Biosynthesis 



(jjoaJl JjiCll J *IL 1 I 7.2 



_!lj NADH) JlJdVI SjjSj (ATP) ClCll o- Cldll C_,> J 
(5.2 JLS1I jldl) C1U! CljV! *U21 cjl^j t> ij^dl IS t(NADPH 

l&_^aj dllajldw A lA \1 j3 jj Cdd-a 1 g K tCljyi .ll_jd jln^'l AaLaft (_ya AdCll 

(Precursor) Ail Lull aJjVI Adll dil^.j CKII idL c~n% .l^aLAjlj 
(Macromolecules) s jjjSJI dALjail ^ jjCI alLLl C^LuVl dCill Jldi 
c ViUn jllj cjLajjjVl ?-liil) tjiljjjllj (RNA j DNA) (_£jjill 

< alAieJil i—ufijli (Jdd ^gjll a An .all diLjSdl j tAjdftlLl .all j t(Aqti-s.all 

I^jIjLouij e.U2l cjLiLac. (j^ jjli5 ^jd .(Cell envelope) (^jldll 

(^oUill J jdft (juAdll t jjoiC. £jl jll (J j..oq\l ^>lajl) li& (ja 0.1ft (J_y^a3 ^^3 

dial djj Apiaij idL& (j £J j . (jLluill 1 i& ^3 U J jjoi jl ^Ij “C.C. V j ( jdft 

(Primary Cl jVI oW^' djliL& jjj U^a lija <illi& J ^ j 1§J1 oliiiV! 
j (Secondary metabolism) C yUill L> ^\ diULac j metabolism) 

.CjJ^ll Claillj CASjm jrlij] La^-a IjjJ i—Utli 
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(Primary metabolism) 



ji jSM <dLl»c. 1.7.2 

(jjl^il (jjl jdall J!)bx J.-nVi i_j^l fr'l > tiV I CjLlLoC- ji1»‘i 

t(Tropophase) JU2I IdJ (j-odj dlilae" <^21 

i Sj^jia ldL& ^^3 .(18.2 <J£d]l) Ini'S all In . ajll ^3 f.ldJI jpi (_p ajli jSjJJ 

. jjISISI 1 g In .an <*jiL (Exponential) <JJ J£dd ^jldu jdj 

SjdSJI dlil_)^JI J A ql"i-s .all dll . 18^21 (_g J.u.»ia (jjSij ej& ^ 

jduj dll l8j^ll tillj (jjj 4_udll j£J j . Aj\jjl>.na ^ (RNA tDNA 4(j_jA3 

. dSjll jX-a Ual l“lj > »i ^21 jdll ^3Ai £_a 

^^3 jl 4“ldldtJI ^3 (j*nS 1 (Jj).^ns (jx d V 41 SlLLuJI -dl^j (^S (jfil J 

t_a3j2l 4jd]l A ;\.aC- ^3 jlaljj lilli LS lc- dijllj 4 A In' >nn (jls_n«5VI JkViC. 
V llK (jdlVI l— i3 jj (jl jl 4 j.xi.u.iJ 4_2)lilui' V I (jli 4 jdll 4_*3 jj qa ^C-jllj .<Jxl£]l 
Lallla (jdji dLlLa*J ^Liallj jaluil A ilsll (jli d]2 .Ajlsll d_^ dc. V] (j_j!dl 
IgJ d V oLpJlj dnlnll 4j\-s\l djljl I jls 4'da&l jj£I (Jj ^JS ..n (j»i£a..\l j 4<J^. 

. 4-Al 9*1 . A I (j^ ^ j j j.dl' ^dA/ I AaJU (»lAll (j-a 




jjd Lade. Jd JA (JjS (_ji (jaSaSt! Jd >a jj jd! jdll : 18.2 Jdill 

Adljiil ijdl Js jjd .Tropophase o-d^jjA' = (Balanced growth) Ujlji* jdl) 

jjxdl) AdaJI jd jli ( jjjjSJI jd) Ajjidl Jljdl aA& Ad . j N ^ * . ■■' dej . (jadlS jdd SjSjla 

Aajjlj (jdi Jlj^a Ldla JjUlILi j (jdaVI IJaJ Udej (jaaSUd (_ J^aljldl Jadla 4Je 

j»jej jjSdL jdu Idiophase ir ^ >d iU^a (secondary metabolites) 

,j2ld2l 
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(jc. (j9Jj 4 j j)\ j,a'.u.iiV 4j\-s\l n-\l (jl 

JJC. CjLi^^o ^tljl ^J ^yoS^\ CjI il-ac. jLuia ‘ea.jjj (jl t jjISjJIj ^LoiajVI 

. jjISjJI i—SSjj Jl I Jaj Igjlj 4 -nI^.II (j^aaljjj Jillj jjI£jSJ AjjoiLuVI Clllj^^ail lillj 

ejlillj^joll 1 g \a j 4_iuil_uiVI CjL£ja 1I 4jl J » s~i j\ j .xu,t,.i ' ^y> ^ C&j 

(j-a 1$ (j-ft V j (Turnover) c_j^Lajl Sjjj ^.jjj ^ullj a-i^LAM 

^Ic- Aiaal^k^ll Vnj La£ ;DNA 11 ^^)Ual! (Jl^JI ^JJ (jl (j^ Lja.il -1 j V 

Ju V JjVI (jiajVI Cljljl^c. (jl tillj ^ \at jj .£tlj ••• Ajj^jI ^ j-aJjail J RNA II ^lUj] 

^)jajl) (_£^j\j]l (jJaJ^I JjV I (jiajVI (j-a (jaljJJj (J 

(jl (j^-aJ (_£ _jjl^ll (jiajVI (j-Q A^jLill .j^-all ^_laj cillil ^aiii .(18.2 (jSuaill 

•* 

JjjalVI Jj^anK jl S.VU ^ Ji^j) A l\S.\l (j_)ij 

i j-o i) ] ^4 ‘(j^ i_yi^\ jiul) (Triacylglycerol) 

Ajjj-kwJI j (Primary metabolites) J o^' 

- j> s # 

CjLSja (jl LLl^l (j^-GJ La£ 4 (^JjaiC. ^1-oLaJI j ^JjoiC. ^jI^II (jj\ ■'^flll 3^1) 

AlUti CjIj£^) (j jl j4a!I j-^11 Ajojj-<2^ cjLlq5L SjIc. j^Ijjj V S.iua. 

dil j C1jLi£ j-cl1I 0 j . ( ^JuC- (j^lfill (Jx^iftll A_jj)j*\..ll dll jl jJa*all dl JiLxJa-<Jl£ 

.Ajja^JI Ajliill A_iaA I 



dl 



Jl^k n*Q (jl 



LgJ 



c ua^\ j^a ^ A-i^Jl dldUll ^l^jl (jjij c .Vtikj ^ jjl^ll (j^ajVI 

jjj ^1 ^(Idiophase) ^j^ll jl (J^^JI a 1 ^.^q ujlj^ll j-^ll aI^.^ 

^)J C- »il 3 -dl (j-a Aj^jUill (jiajV I 0^1 ^ ^-ili-aj ^jj . (j^jl jj-al I ^-<^11 A-l^.^)-<i 

• A_lA^»juall (j^aLa^VI J 3^11 A_i1aC. j dlll^V ^3^ 3^1 

* s a 

CjUSj-g Clajlc-lidll \qU*>u Aj^ (JjjjjjjI (J£-u»j (jl (j-o (J^J 

.(19.2 L&ill Jx\) aj^I o^jVI 

V l-g-j! j • ^ (j^joLi Ai AjjjUill (jiajV I C1 jIj£^q A^ila j (jl 

5 = ^ > 

(jl LaJj . ^jjlSiill J ‘til Aj^j 3^ I (_^3 4 ji-ftll ^-<^11 (J jL^. ^cjjj 

• l^ijUajj lA^jljjl I x >>jl £3 jldl (j-»^3 c. .‘fll’likj A_j^jl!ill CjIj^^aII 
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jjUiil jjl j(']y i (JjLM ai& (JLia. jl ^jLl j dlLiA 

4_ilaJl (j>s <jl ^nJ jii*j Igjt jl 4 <jjuaLJI <iifil ^Jb A ;\-s\l alaaJ Ljjjj_b IjjJ 
4joi^)JLa]l Lot . 4_j j rs all j^JalL 1 a 'n nl Jj j Ia.^jWi j LLu jILo i . |» . -n ' tLa “LaJ-aJ 
^jl-%11 <fuullj “Uus 4 j! jSLiu V L^jILj ajjjIjII c')\ ^j^]l <jl jiLu “LuL^I 

<il*-a 4 _iaA1 (J£joiJ ClsLl£i^a]l kilL (_£jj^a]l jLaws (j£Jj tA Vn^l 

cllLafij^ (jji 40jl jjll lillj (j-a ajLlill j in all (jft (j > >» ) . Ajl-sll 4..u.ni\L 

• U^O (J^ ^Jjij'sll 4jlsaB 4 JlL.*."u.J /jfLoJ La I jm'i 4j_jjl!ill (_pajV I 



Pyrurate 




jJaVI Jilj u&J iAjS Jjjj ■ a) ajLa J^a Ajjjliii) (jaaj'i?) ul^ala JjJjj : 1 9.2 

• ai& ijiaxj i_uSjj jjj£ 1 iN-,41 LuLLal dlifc . LlULaJI 
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Control of metabolic processes £AA*c- laxJaj 8.2 



Metabolic flux 



(jijj 1.8.2 



(jjjLiil A-ljl Hi'S Aib^jla ^uaj kijlsa-a ^_yajJa "(_gajVI ^j)g 9 -a ^aJ 

i 9 Vi -a. a ^9 A A > »i ^11 (_pajVI CjLl£^a A.lui.1 (jaLslj (Rate) (jJauLH A£. ^yx 

CjLaJ_pl O^C-LuiaJ ^aJJ lalulfa oLajI ^Ij t _y^y\ djHx-lij (j! LaJj .(Jc-lilill dlljLoaa 
A9 tiaaJI £^-uj J C- (JjjLjS A )\^C. jla 

Rate-) ajIUII di!>lc.lij3l <J£ <c.^uj ■Ij. Wn (_ja*-a “Si_A -ll-lij ^ya (.jSLaJ 
ajja a*j .J&laiil aILAI! Ali.^allj aIiaj^j La jl (limiting step 

_jl Ijbjj! (_pajLM ellLlc-lij A£.jjoi ^^9 ^SAlllI ' 'l^.a.a ^ u .-> 1 illj 

(jc. J j>aiJI djj^all (Amplification) ajI jjll <alai*l i] iLL-aii 

tillj JaLij L)J n'l (j^-aJ La£ t jLoiLSI £JjjoiJ JLilLj t A~t ;U ar A ojLjl lilli ^til] 

^jljll 20.2 Jiill jM) jLoiJl l. .a,)°i jll 

• ( J 



Rate-limiting ) k&jx* ^ lUUJI a!\ jl JXk ^ 

V o^j ^liaj (step 

* 

(Ja*j Ajulala CllLlclij ja«J aJLuaII Cl)LaJ_)lVl (j! '-‘I ‘PJ Jg mil 0-^J UJ^ 

l-gj l jLuaaall ^_9 ^giLa^.V I Jc. Lilli la-ball Jbabtll A_il jl JaC- j tt_UaA_ila (JSLij 

.(Rate-limiting step) jjJaAll jj-P? jL^' ^i) ^JP^' 

(jx Hi t^gic-l jrtijl i_ a^j (jj*-a jLuaa CjLlc.li!il (jLutll (jHil LiJjl (jli Aaic.j 
(JLlaSi j£ilij . jL...ia 11 eiiLLilij jfl jjc- aJjj.haII ejLaj^jVI AloLi ajii-n a m.ViOi 
Metabolic bottle ) (jr ^l iLa^Li. J cjli j*-a aJI J illi J&. 

Aaj >>>»!! (_jjaLaa.L?l "Cajli (Jj>^>9 ^^9 j^iuj ^gLl^ (neck 

.(jjiic- (j^lllll ej! jL»i=uall ^tiijj (jjiic. ^Ijl! 2 * ^9!') 
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(Replicated) i-ieLuajj j)l <j£ju DNA — SI o' o&4 :20.2 

(mRNA) jil RNA — SI <^11 <j£ju U£ t(SjjJaJI AjUII eliii) Jj-ia. DNA 

^1 ^^jjjIjSI aItwIjj (Decoded or translated) ji AjjiJi Jaj ^iS lj 

DNA SI Aluilui fji Jfrljili ^yit^'il Jj.uL.iuSI .AaluVI pial 4aSU AiLiaL dJjj 

^jli U jjii ,_jjil (mRNA) J>-j jil RNA — SI ^ JfrljiSI J^iluu ^Uil J.iaj (di jjaII ^i) 

(1.4 Jiuillj jjI ji) J^aii! Liaji jiail) jjjjjjil f-j ja. 

^^lll CjLoj <jjA .li-laJ (jx Aj V i_i£> 3^ ^1 ^Ijjl lJ JIuim 
dlLl^^all l qV’A xi 1 Ip ,V <-ui (JSLoiJ (_£^]l (jjJjSJII ( 32 Jj AoLaC. ^3 (OuLuV' jj^ll 
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A \\)a A^lia-A ^JVn j .J-a VjJa . A -^ViaII 

CjI^I 3)a (^jjluiA ^jJjai^kJ AiL^Ja (3-° ^ V llA .AjIIj]! ^JalLoH 

AillgJ! 3 ,4c. VI 3^ 3°) jliia.! ^ 4<Jjg >a! 1 Cjljjl£i! AjjIjjaC. A\\\y Cjl^ila 

s * tf 

l_i£^)a ^^ic. A-illc. o j43 jg h*i U^LaJI 3* (lfc£^ y SAa.tj (<c jj 3<3 Ij^Lkll 

^r JjuoI tAj^iaJ! g. t-LaJ^ll j lA^jJ^aj AiL^Jaj dlljjaJLj AJ3 ^)xa 11 ^»3aj 4 xj .La 

3* At. jAyA jl c vk^ ^j^jV (3*34 L-Jj^aI! ^nilill s-l^aJ (jL^VLj 

(Jl^l%V 1 ^ic. aai*j 3 ^ jh^' JLaxIL3 39 ^ 3 ° tciiLaj^jVI 

^juiaI! Aj^J A4411 ^^Jlc. l4jAaj ^ iJ-a\lj c3l4 ^ .JaS3 Ai^L-a-allj 

AjlJ^j 4 (jj .(_£4 jo 1 AijlgJ! 4j^_a. l_iA4j V 3^* 4!^>a]I j Ia (Jc.lll] 

.4 Ajliill lIiIjLuc .1 ftt>\ ^ja 3 ^ (j4*-c aj 3 ^ -^Luil -l*a ; u^a j (Jac. 4 jq )5 ^3j 



Nutrient uptake 



4 -aj! 4 *J! 3 jaI) i^Sj (ja L-aI 3 2 . 8.2 



^j^\j^Ha\ ^.Ic. Vjl A-lIaI! ^3 ^ajVI CIAjIaC ^j)Vn 4ajxj 

djlj£^)-<j 3 ° aAbj 3^V! I 4c. La) AujI-iiJ! 4 !^a 11 e3L a j .aj4x-31 

4l _£a 1I t31l3 (JLc ^£!j4J ^ajojJ C**n^ 1 A t/u/i\U (JSj AjA.ll JJ J^.4j 
(Jill! 3° jlll I^A .^ JaJI J IaJj£^)J 3° ^C. JLj cA-ilaJ! (Ja.l4 

.kjjja fjj .aSILII (Active transport system) JL*ill Ja3! ^IkL 

(Jjj-^aJI JU. (JaxII ^jc« JUill (Jsl]l ^alial L_a3jjj c** \ (j5Luj.j AjIaxI! 6^A 

^jc. (j^jlall 3 ^ 3 ^^ (_5«^!-34l tilli j cAj^xaII 3 jaII t^lL 3 ° l-jj(U^a11 3 ^ 3 ^^ 

I^jajJ^ 5.8.2 ^jujill ^3 \ ^jjJa^All I^A (JaSLIaajj) ^jljJall LaJ^) j! c ,‘I j^aI! 

.(catabolite repression J CjUIa^ ^a ^jUII ^j-* 1L? JajAll! ^ ^Ja ^a 

3^A^1^1-^ tA-llaJI ^^3 3 ^ y'lt-s^A ^gal a^’iaI AC’^yji 3^5^ ^Vl-^J! (3ax J ^^3 
^Jj aljjjVI 3® ^ V !il 1 a~\ai J>A" A j\aC- 4x^^)jail l^Ja^A ^LaIc- c!)Ija 

6^)^3 £3j 3 3 <Qx ‘^ 3 ) CjLiIaxI AalLaJ! CjI£ja1! 4juj!^)^ ^Ic- cilli 

• ^ La Ajj^ a jIa ^lil] 
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Compartmentalization 



AiSiuw d I jaa jj jjiSI 3 . 8.2 



jl dl ^ JLLi. Jj-c dL j 4_lH i'l » »V 1 ~ 'IdM 3-mij.a (_)£d dlLift 

Igda J£ (Ji.lj L$j^i L'n^ . tAuiiJI ^ (Organelles) dbdae 

^dajl j .Cl £ jJI ju V>.nqj.« As, j.a'S a ^^le 1 j '.a (_A (_g j'Wl j tS dLLilij 

(Mitochondrion) jjjjd jSjuLall j V^ndl sjj^. ja liili ^ Jli* 

(Jja^ jJ^)Si]l (J> >.a% dUelij <ai^. ji^aS lgu3 ab _5 44 ;q;q-\ll sljj]l dll j A il-sll 

j*> jbVI Jliall j .(Cytoplasm) ^ jLLjiuJ ^ dVleldll ^JL je JM! 

(jjaLoa-VI ^JJ Lulu 4 ^ jLL jbLoill ^jj ^ill 4 ua^_iu]I (jdLa^VI £ddj 

‘(Peroxisome) ? j> >. » . idS jj-u l$-aJ dljjau*. (13.2 Jibll _>ki') Cu^dJI 

A 

t5 -odj CuLtill sddi dlajjlL Cue. 4 1 g .« ml (ju jdJ La£j tdl Jj-s-sll si& 

^ dliUe Ja*j ^21 (Peroxidase/Catalase) j2Ll£ /jjl dmSjju! 

(Jjh^vn j-a» jnj ^.igJI J *d ■ dill (_£^)Lous jjj JauxsII jj . A a 

idle I j JjLull CLlall <£ijlda]l A 1-ij . n^]l jljdl a jje (JLa*lbl j i^LLaij 

^^ull i^dl ... si ja^j ‘Vacuoles dl j^all£ ^bi dl blliA . JCdimV 1 

^^ic. biiaj (jl IgJ d Hi LjjfiVll Lot .(_£^>bl dLleliij ~J te. V. j J-iuj-il a .ibid 
jl j) 4 dl jj~\ *\ 2 j^.j jsdJ cdllj 4(_pajVI dluLae ~ 'tVn 4uLae ^3 (_£^>b.l (JjLuijj 

.sd.lj s^a^ (j e sjlue 4jlbll 



dluj jj v il ^uluaj AuiaC. Jadaj pdad 4 . 8.2 

Control of enzyme synthesis 

4 jq") m.a J jai.urfi J^CaJ A jl-S 11 i_J^lj dLajjjVl (ju s^)j!iS £-1 _jjl ^jdall ^aJJ 

a > — 

^ 1 . -n 1 jl jg Wi V dLaJ^jl tllluA ._jdll 4 9 j^)ia l <h*\ ^ ^3 s^) 3 j!La Igjl (^l 

(Isocitrate lyase) dljiull ajj2s J2d jjl 4il]j Jlla 4C?.UJI de VI 
Jc. “dldll jdj Lade (12.2 J£22l) Jjdll djiiuj^jLl^ll jLaiu J^uu ^Lll 
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Aeli^al jig Vi AjIaC- -AllVI 0.3A (jlhlj . (C 2 ) (JjJjSJI Ajjlli AjJjI tl " l' i5^)a 

^jjjVl ^tiij <-aa^jj .(Enzyme synthesis induction) ^jj^l 

(jj.Ij'nuA hVi ^»jjjl ^liijl V s3jjj Vja3 4Aj]I Aa.LaJI i_a3jj jja. ^q'lVj 



^jj.ijimft i_j£^o (j-a ajIaII tijULo^Y a^S aja£ j3jj Jit (Histidine) 
(jSJ j t(Repression) hj/n aaLc. aIUJI s^a j t^jUJI ^liill JLui jll 

aVjjJ Jjlxj ^aJjjVI jjli ^^sajliJI h > h j]l (jA yj.^i i~n.i 11 jl.}a3 jl ■ *' ■ .lie. 

■kmill 4 a1ac. j-a j£2 ^.aiLujll ^Ijsu j] .(Derepressed) hnAll aJI jb AiJUi j 

i ilLI jl a Aj ^ajj (_£ j]| 4(jjj jjJI ( *_LUa 3J (jc. (J j jui-all ClljjAll jA joiViil jl 

jl jj ( j2c- f-tij In i /nil jl jji Vll (_£l i(20.2 (J^joJI jJajl) AASkjjlIj > ni.ll 
• (2 1 .2 .'.ill hhiA a ^ ^jJa jA jA La£) AjlaJI ^^9 jA]l ( j3 jj ^Ac.) (j«aaj 



Catabolic repression 



CjIjUc- Ljjjj 5.8.2 



h»uAill ‘j^ljA /jo ^A^j Laj JLajjjj 4_iV ?'i > >V I ^xllajjj h»n Jn j)A hi a ‘ ill 1 -A 
Jauujll oAA^a AjjI jc. Al jA 4 jj jj ^aAC. jl 4^)3 jj ^gic. sAaIxaII jy Vlll j hi 1 /Vlllj 
(jc. jA*j "^aA^ll diLiLac. hi n~i" ^ihu^iA jj .Ac-jj^All AjAjjjVSI L2)Lid] ^a.jLsdl 



jjl£il ^^jlAiJI JLajAjll ^9 j3jjj La-lic. (JUIaII (JaJja ^JIc. IaIaV ;Calc- jAl jla oAc. 

1 ijj^l UJ^dJ j' jJj-ia-aA tCiijll (jaii J^ij ‘(^11 

jj£jK AVjJ .lie. 4 Jlldl 2 .!.'“’ tj^ £ ' ■ A^^^-VI jjA (jA IaIaV (JIa*AjoiI (JjjAaaj 
(jlj 4^ jl jj£jl£ll .2hl g“hnlj ' \i"'“' A ll-s.ll jjli ^jl-iiJil hi.u jll ^_3 L*a jjjSiVj 

lil^LoiVI fjgk jUiVI J J.. .1.. .11 I liA .jjSjlSlI jlij ^ VI jii£VUI .^ll;i...i 

Ljaji jblkVI a2Ll11 jIaj .(Diauxic growth) " jjjA^A j*? 

oAuli 4_ luini jLni.VI j^JJj .Ajl-nll j3 jJJ jjAa. (jja.jjlij j.I.^ia jjA j!i£l jjjj 

. 1 1 A-ijI A ViaII AiUall Aia£ 4 jm-n; iillj£ j 4l^ljjjAj A ilS.ll (_)A=ljVI 4“ ll i5 jA 
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DNA ) DNA SI jam j !saa 1 a JUS CjLujjSSI ^ 2 * <aj A-> lac- LxL : 2 1 .2 JS2JI 

RNA— SI j»jaj jiaL f-ts ja. <|l Jja,j ^jc. aJU : Ljjii Aj1»c. (S) .(expression 
SLI4J fjk iL jJaSI <j-a £ >4J (jdjjj ^SjjL jJaxaSI (jjaJI <j-» (mRNA) Jj— jll 
JiLuuSI LjkjA tiiSj jLiLi ‘operator j la j*j d jaLSI J\ Jj-idt jjj uxL DNA SI 

(l_i) AjjlLdt CjLujjVI ,ji ^jLjjL ^jSI <dl La-Si SajAHS SjLuil AjI Cmj aA£- j 

(.U‘< a< 1 ^jjaJI ( ja gtjUil) (jjjjjjJI Lf lC' jJjlu jia^a f J jj\ Ljmj Alla. !jk : JaLSI AjiaC. 

^HSI j AjlSjg SI ell IjAI hjaiinl s jLul Jtuijl ^Sl (j-ijA L 4 Ija ‘(operator) JxAaSL Lid jVI 

Aj^ILaSI cliLajjjVI 
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DMA 



2 "* 

•> 

g 

O 



§ 



Q- 

O 




'W\, 



CAP mRNA 
1 




J 1 * 

jjSjiiii <jiui 



\ 



5 

13 

I 



CAP 



cAMP 



cAMP 



r~ 

klip 



cAMP 



w 



m "™ 1 

^A/V.rRNA, 

t \f\J\t mRNA 3 




ATP 



Aa-iIa >~~A Wi 

FVoleins 

produced 



AjImlSI £)S .(catabolite repression) £j1«j Jsjjjj :22.2 JSA1) 

JjS [jj operon 11 ^jli Vi .(cAMP) ^ jL^I ^ < W »jc.Lulu 

CAP (jauij qujjj ''JsaaIjj 4 hu«Vi (operator gene) J *A^ I (jjaJI 

JU ^ >ij.Nn1 l j jLaJsfl )j* j»jjj acAMP £-a i Jajj (Catabolite activator protein) 

LolUa UsjIa jj ajjjVI JSjA jfr (jjaJI (jli ^UlL . i—iUc. 

aiajjj jjLu OperOn 1) Jwa JjJjlSI <jL U& jjSjjll jJaj .‘L&lk Jj-i 4ajU1I CjUSjaI! ji 

• CAP-cAMP saS. ,J^I S jLiL 

. ji.1 <jjl£ (jx <■ qliVi ^CiiaJ -kmill CiljCc. AjciLall CjlVI (jl 
4-iLaC. )nn>> ^JJ Cilia. E. COli 51 ^ JUa-all IjlA ^ (Jl! La -Luaul 

(Cyclic AMP) ^alsJ (jjjjiiJ ja Jl*i 

(J^ASl ^>iajt) (AMP) cjlJLjjja]! la.Sn I^a .cAMP — j j> a'Aj j 
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(3 J M CS^) Aft ^ .laJjJ Clip. (4.2 

L_jS>^a (jj£jj 4 -s lYllllj t (5 • . A c^Q ^s) Cjliuial] AxjtlJI 3-U .i£i j Aft jay a 

cAMP— II .(Cyclic diphosphoester) ^jUj jjiJjLija IJj li 

(Catabolite activator ^^11 cjlpiiio jks^a (jijjjJI oAjji £-° 

^c^JI diLskiiial (Ji^nuolt LcaJ t 9 ^>*j LSi t(CAP) l_jl . /-i ") ~\ ' j protein) 

l_£jJI Iujjj £ t(CRP) IjL-aikl (Catabolite receptor protein) 

(Jixul A*jl jll CjlipJ] ajLiVI f-Uaftb i, in.nj Lui DNA 111 cAMP-CAP 

Jjj .(22.2) JSuill ^tuull AiUft (Downstream) ilijj^l <*i>a 

j s 

(. - \x JJ dlLajjjl C5^- 4jLa,C. RNA II ^Cjaij A j\aC> 

(jg^ (jLa) <2121 <2 jVI &22I 1 LiujLojI l^jj 

^ n;vll ^Alxjll -lau^ra ^jI^jVI ^UiVllI Idfc . (^^l-lxll -lajoj^II ^£1 lx-o 

• 21.2 (J£j 21 ^jJa^All ^2*21 Jaj-Jall ^aUail ill 
A\\ax \\ 6 <1^1 ^tii2l L-.1x.Ij ^21 £(_£3^ u' O^. ^ 

cAMP II ^121 (ajj V t^gJI du <djl jl jl^ll ^ jjj UJUa j .cAMP ja 

^l.Vl ^J^l J lx^l*l\l (Jj^jobdl ^0^^ Jajjj jj£jK]l ^»dfc ^tjl ji (jV 

^IdL ^c-ax3 V 2]2j ‘(Adenylate cyclase) jJSjLa d2jjj J 

(Jjjj <^21 Ja-).u2l A\\aC- jJJ (a«l^JI ^dla (jl (_^l 4 jjj£2l <*j!)UI dlLaJ^'^l 
.^121 JjS jKII c^^LgHuiVI du <x-2dj 4 2L g-l^i^l •AjC' 

Modification of enzyme activity 6.8.2 

JaJjJaj ^jJJxlil <aii^-Gj oAj.)C. JjLoij cilLiA ^J^^l 



Post-transcriptional modifications £-^1 Jau cj! jjjaj 

^X-)jj^aJ -Ixj jwaVl dll jjjxllll ^jV ^mjll du dll^jJ^dl" <2-0x11 dJlA ClllAuj 

A jl^C- ^ j>^a*iV ij .(20.2 (Jidll ^)iijl^ <djd <2aC. dj (_^l L-ljU^a^H ^J^VI 
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J aJ-Ix-oU UI^J A \)x a A.Ll^A*n ^JL^y^\ (Jlflljl ^)Jj^J.ll 

.JaUij A_LaLi. 

(J-aLk ^aJ^jl -^-^J ^aJ^jl 

V "l-j" J^\ ^aJ^jl (Ja^J ^aJJ fcAjJlxi (JLlaJiJ jl c"r 3^uVn AjlaC. ^j)j 

."I" Ale, J Jc.lij]| £Jjjujj A_iLaC. ^\AK^X) IjtL a] a£^ 

((Jjj^jJI ^1) J^UJI ^Jl JaoAilj]l (j-a (J-jj)Vl\l A^AStlLoua]! (j^SaSI ^jj£I (j-o 

jl (JJJ j^)JI bjLkj& ^aJ^il A_a*jjI ^ajjpl ^C-JIujJ A-lLdC- jA 

6c jjjjjJI *jLA CjUjjjl 6 jjj£ ^1 jjl cilUA .(Protein kinase) c£jjt 

iaJ^}J o^A ^ jfi J . (jjj j^iSI ^j-o .1^.1 j £-<* A_illc. ( ^A^ 

AjuIj (Jjjoi£ j^)JjA Ac. j^y.x> (ATP St ^j-o .ikjj Sjlc-) CjILoj j* Ac. j^y.^ 

.(Serme) S-o sjIc. tA^aiij awx> ^ n ^1 

c ^Ajd^AiSl ^)JC. (j^fLa S xmj 4 Aj^LjdS CIloj ^ ^11 jA JajoiliSI ^aJ^jV ! (j^fLa 

6^C.LoiaJ CjILaj jAll aJI^I A_j1a C- .A^ll^Q dlLaJ^jl ^Jl Ajjaiillj ^jjj£jlSI (j^fLa _J 

> 

^^ikiS j -kuja oj V uiLi (jjAi .(Phosphatase) ejli^jall Jjjj cjlajji 
<il jl CjLujjlj Sjiuiall CjLojjjl ( 4 y,-s \1 J^lj CllLajjjVI (j»a (jJG. _$jll (jjLx JaLij 
4.hn'i^a ^ ^kl tjx! eJLLk ^ja CljLaJ^jV I (j-a (jJC- .^31 JaL3ii3l fa K^a ^aJJ j c CljlLao^ii! 

.4jiiJI L_]Ll£ixuYI 4. )l.ac- 

(“Liljl jl) 4jLcbt£ CjLti^jV^ JaLiij ^h^i\ eiiLJl i^ILia 

^ajj e^fl, t ..ia3l (_jSJ J ^^3 ^,'l*s a ^ n<al (_p=u&2k _ji]l JJ* * ^ 

.Ift JJai CjLJVI 

Action of effectors ejl Jac 

^^ic. ,~lA)».'l t _ s ^3 Jahij o^iaJj-aU 4jtiLal! AjjUi]l AJVI Lai 

J (Promoters) ji=^£ LuUjI Ja*j ja (Effectors) cjljj>a] ^jjjVl <jUiaal 
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^JjjVI JsLmjll Jjj JL*JI J& JllaS .(Inhibitors) JjLaS Lului 
JLc. J CjJI&U JJluu] (j^ajc. Jj Lua .(Feedback inhibition) 

A— > B— >C— > D— »E 

e 

I I 

jLaui J jVI ^33^ f jL 5 -LuiLaJI (E) ^jig-ill ^.IaaII <j] 

.A_l£ jLaJI jj ^JJ cf^jM (B) (A) j 

tilE SlC* L Aj.Ul. 1I ^-Lu^V Ajal£ (E) (j-G A_La£ JJ .Ujj-ull <illj 

£-<a . jLoiaII I jlA j.lx-a-a (j-o (JLoxJjoiI ^JJ A^i^ll ^ Vm 

<Jj|JlLo]I AllLaS JLj djl \\a* ) l^llgJjuJ c_fl^jai (E^ (jU cAjiaJI jSl jlj-^Laa! 

(E) ^Ijj] ^jjjj (B) ^J (A) J Ijjjj (JIjj IaaIc. . ajUJI qaksi 
(E) AiLxiaj SlC* ^C«LajjVI Jajvull AjLoC- J,uaVl La£ . I^Aj (_£ 

a * 

(AcdjjJ JUI 4 il-dl jJu jl i_JSJ V (E) i_jSijx]l JjJ -^ 3t2 4 jl.2ill -JJI 
S-ijmll Jj 5iLjaVlj3 . JuA'ill jLxx jc. k]jj.ui,a]l CjlxJjjVI JsLmj uaj JUdj 
j! JJSI JiJ j* JUI jj£jjll Jaj ((Feedback inhibition) ^UjjVI 

£J jui J*3 Jj jxjj u£llj j (dljlc-liaSI jLxx ^2 CjlaJ J/l JSi )-»j {{' Jj Ljajl j-j jj 
jl-m.a]l ^3 j_jjj£ll (Jj ^aJlE. u ' A ‘ ^** J JSjjSI Jlxll jj JJ ^3 ^lijjl Jj..o^ jJ 

(( JiJjSI Juxll j^x) JUI jJjjSI ^Jc. JxVl JjJa J*3 Jj hj-i) <Jlj& .JJixll 
J ILUjj jjj lx£) DNA SI I_S Jj‘>^ Jc. jLxxll llAxJjjl J£ ^tjjj l_a3jJJ 

AjxuLxj/l 4 j]jVI .iljxil IjjJj jJ*J ^jluajSI AjjIjaIuiI jV lilljj (Jr^qSI IjA 

A m-Vl 



(J^l jx jV ijlljj (^JaSSj ojitx (J_9^ (jl ojltl 4jjJI Ju>all J Jr, jj 

aJJ*lx kjjlgj Cjljjx J ^.V'x a. Jill J2 Jl J 4 ^j9lLxx J-iS. JS 'i\ jjxij V J3 (Jc-lijll 

Jc. tAjiixVI jJaLa^jU (_£ JJjdl Jl jLxx ^3 t^lSj <jxAl jjaj - J aViS. 

(Tyrosine) jjj^j (Phenylalanine) jjjVI JJ ^SjiJ (Jlldl Jjj~ 
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2 Ua> .tSSJj a*j fj'A I jL^a ajI^j ^ (Tryptophan) JljisJij 



. ^_jl yl 11 jr- j; ■ A ^all I .l2 



4 l >i -, iv - . ^ A. aai^Ljuq 



Degradation of enzymes 



Jla2j 7.8.2 



ji Aill j (_)a j£L*-all JJC- oKq'ill <Lla l _ s ^J t dll nil Aiils dUjj^. (jl 



^>a*JI a 1 . .Vi ajlia (. ‘dlVl .A il-sll (j^ lgjliii.1 La A£.jjaiJ 

lg .>»m 1 (Jj^l-Sa Sac. ‘^5^)21 (^] sJUkl j L^a dlajj&U 



^ ^ 1 , ,"i ^ ilVl’l J kl,4 4_ijlfLa_l ^ya ^C. ,(_£^>i.l CllLaJ^j^ ^aljl ’ia*J (J_jlaj j 



V ojAA] Vl*i aS J X! ‘(4.8.2 ojaiil jlajl) DNA — S' ijjluut ^^Ac. 



(jj£A V as Aalnll i ^3 ^svlLa jaij 2 j .^jh Vill i sliLil a*j Igj (_)2 j 

hn/n ^1 A il-sll aSj tDNA SI (_g jl»»u> l _ g Ac- ^lAjj i—aSjjj jjl 1212 

^/uVi JA2i. ^ya AalLAI ja& <_sali2 tAlaj il^ima cv n^> ^^21 CjIAj^^- 

J 

(Jx-sajjj <jl . Ajl^U 0^)jJa-<a ^ u-ail 2i3 j! tS.^Aa Cj llj£^)>a 



jJijl) (Feedback inhibition) ^UjjVI AaguSlI J^U. Uj! j!* Jj <jkJ! 

a_ia£ ^9 tcilli ^Jj <aLjaj .(6.8.2 D^jSall 

^aJJj cJ 13 jJJ A A^kll j-aj c Cjljjj j^)2! j 

^jAj .(Proteases jl Proteolytic enzymes) u 2 jj 2I Jka dlajjjl ^-tul 
(l^A*_nl»J CjLaJ^jl (_gA ^^21 j) (j2 (j* o2l j]l JJ > A' dLaJ^^S 21j 

e - e - t - s * 

42 c.j .Aj^j^y^a j_£^) 2.I CjLaJ^pl ^ H^iS l^JLa*Axul alxj ^^2 A in 2 (^^Lai-VI (_j 1 Lli 3 

A jUc. ^ya J£S As-J joU (TlimOVet) j;>>i^“^^jn^>‘i CjLajjjVI (jli 

.(Denaturation) ^jiVl J22A1 al£i2l 



Efficiency of microbial growth 



jaJI ^aill 4_2l*i 9.2 



o jl ^21 AaAo^A- 4_ii.lj (j 4i j^-ajj^iJI j-ajll 4 _iHji 3 j-a (jisljjxu 



^ jAj^Ji jpaiSi AJUi j& j44*2l fjj .22121 Jj^aSI (Thermodynamic) 
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cjllg ‘1^1,3,11 ^tijVI C_jLa^. <j-a 

4_ij i^j^flll aJjVI 2^-21 ^j-c u_)j Cy* (JSl jjj) _jAx-^a£ 

a] j-cjj (Molar growth yield) "gdj-dl j^' -(^Vu^'l 

AJjVI 2 ^-21 cj - ® cJj- 0 JS1 ( i — sl-^JI jjjII) ^^All ^■tijVI a_lo£ Ys j 

* s- * 

^j-o l jJajl ^a 2I 421x9 c * UtiV' . ^a 2! ^jc« ^J121 j ^ixJj 

4-y& ^ j (Carbon conversion coefficient) "ujjjill Jjj^j A^ji 1 

(jc* ^la2! 2^a Cy* d^jc* 2^1 (Jjjk-ia^-Q 

<jjj ( l5 _aj«-o dllj) <Li.la-2lj 4Aia2! 4 jjIL 2I ^Jc- I^A -iC-L-uJj 

.4fll**i^<2l (jl^jVI dll jj <2 jVI 2 ^<21 

> £ 

e jVi-s ^ <ja. dl^l£ (Jajj La-lic jA±il ^Ijj ij 3.2 (Jj«laJI ^ jg h; 

oiA Jaiijj c4jjI jaV *1 ja.1 Jl Ajjl j$JI <3 j^Sft (Facultative organisms) 

• UJT*.)** 1 ^' <— ll-jC. dc. 3JUall ^tlil IsjLui Liu La£. SjAUall 

:3_j11j 1I ^^ic. 4jj^a-a]l CjUjISuII j^ill ^llij juj*j 

. j£L]| j-l^sui A » 1 lb — 1 

.AaljV! J|_ja 1I 4jt_iLall dll ^jLuiaJI — 2 

# # * s p i 

^■ll^j jl 4,.l\i>JI uj^J 2i "bSkxA <2 jl 2 j-a jl ^Lja] Jalua.1 (_^l ^>2jJ — 3 

.^■au^i ill j *U2I dj! jLdc ^j>»» ) 

(_£^)^.l (Jjj-qJj (j-aLuali-aV 4 j^)j^)x^ 21 AiUall dl^.Lii^] — 4 

u^- 

.ATP— II ^ta] ^ d^l&l **l& ^ dli^l -5 

j jl ^ J (Inhibitory substrates) V J (3 

yjj'jill IluijII jI>» Jja. j jl i(Adverse ionic balance) jJ j 2JI 
.(tUiill jj&) (Transport systems) Ji2' ^Uaj ^ 1^ 
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Lijjla jjij Ljjai Ajjg > LI dl nl 8 \l (_J£ (jl jl ijjjlSAl < 4 a.jlj.nafl.il LILLI — 7 



LiljL/l (_yaJ$\ dLLaC. j 4_la jLLI ( 9j^)ia]l (. _ u»i% lAjjlajj l&jd 

LLlgjll LliSLlIj filial! (jjljj ^ dLLdl Llli ^^ic. dijil tL)jjLi]l j 

.1 £LL1 



ajliiJj L) id ^aJJ L n*s o j.daL' 4fl>.-i1l dlj Lc.jl jll A a Li ll Lai 

Llb^a t((jdLLIj dlliill (jLL^aall jLlI j LLldll ^jldJI ^ . .< jllj jdll Lc- j — j 

llgLa t(_£ja.l aJLjC. 



(Limiting J&liLI Le.jjj dLi j ^1 LL jVI 'dLall a*uU -8 

sL-a 4 LJ jj jdll L&j jui jj JILLI Jjioi ^^Jc. : substrate) 

tLL jl (jja. jjjL o-La /ja ^Ic-I LLLti dlj t ja ill O-lliLa Liljl (jjjj£ 

Lai jL* I (jjjjSHI ojLa (_pajla] dil )L> j (jjlSJI ^jL LiilLI LILLI (jLs 

(jilabtll oLli dij (jj£j lAj ‘LjUai] Ojj^-O (_g=Lil dljLuna JJC- 

.Ljjj^JI LiliLI 



j^Vii Llc ^Permitted growth rate) 1 $j £■ ja^I jdll L&jxa -9 
t^iljjj A il~s 11 LiLn-al A all LLjLM Lj-all dj (jli > jaLI Lc-jaa 
ja.1 L ja ^IdL? LLutdiAll LJ jL/l L jaII dj (jdsajj Llliij 

f.LVI LLLij <ai*lLa]l i—ljljaJI JSj f -»8Vij (_jL3l JJA.LM (J-alstll Lai 

.Ljjg -S all f.Li=>.L?l jsJlx. ojl^-a — 10 
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fr AoaU Ailii-a CiLuli 


(jjj jaH! jrlil) aJjILs 


: 3.2 JjAaJ 
AuljS 


"(jjJjiSI Jjjaj 4a. jJ " 

carbon ) 
conversion 
(coefficient 
oJj =(g/g) o-yW 
? ! jilb uiUl! 

<> ? !jc a».I j JSI 
AaljStl (jjJjSll S-lLa 


>411 £bi!" 
molar growth ) 
(yield 

(JAlUli! 5 A^ J 

ais =(g/mol) 
j»l jiJU (jilill 

(> <J>> 

44 jVI » jUI! 


^ 6AS1I 


SaLoII 


1.46 


17.5 


Methylomonas sp 


(jljx. 


1.38 


16.6 


^ j ^ ^ A 4 \ ' l ^ 4 

Methylomonas sp 




1.30 


Candida , nib w Iaj4H£ 


JjjbJ 


31.2 


utilis 


1.4 


50.4 


Klebsiella 

pneumoniae 
cs^j$ E.coli 


t HjK 


1.32 


95.0 


4_ijI jA 




0.36 


25.8 


4_ul jAY 

^JJlJ-kuLoj^L^lj-O O J A 'S 
4 1 < ■ H 10 1 ■ n 

Saccharomyces 

cerevisiae 


jAA 


1.26 


90 


AjjI jA 




0.29 


21 


4_ul jAV 

^‘i jj-^i 




1.13 


81 


Penicillium 

chrysogenum 




1.20 


173 


Kebsiella 

pneumoniae 


JjA“ 



Ill 



0.87 


52.2 




xylose o“J4j 


0.98 


23.5 


Pseudomonas sp 




0.90 


21.6 


Yarrowia LjjU 


Hexadecane 


1.06 


203 


(Candida) lipolytica 
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j-uaU*JI jlau) c>“L£ 

dljj* JJ^L* <y* >“1' 

Stoichiometry and Kinetics of Microbial 
Growth from a Thermodynamic Perspective 

J. J. Heijnen jjjU 

TV Delft, The Netherlands IaUja uiiiLj ^ jl 



Nomenclature iALauuj Cjlaikuxa 






concentration 


•s 

(moliim' ) 




<d 


Gibbs energy 
produced in 
catabolism per 
mol of organic 
electron donor or 
per mol of 
inorganic 
electron donor 


(kj mol" 1 ) 


(j-G AaJ J (J J-G 

OJJ^j Lp 3 *- 4 
(Jjlkla) 

j! jjJaC. 

(j-G .1^.1 j (Jj-g 

^ Q ^ f- 


—AG C at 


standard Gibbs 
energy of 
formation 


(kj mol" 1 ) 


aSUs 


A G* 
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standard 
enthalpy of 
formation 


(kj mol” 1 ) 




A Hf 


affinity constant 


(mol l -i ) 


CLulj 


K s 


maintenance 
coefficient of 
compound “i" 


(C-moli per c-mol x h' 1 ) 


Ajl \KS-i 

"i" JA\ 


m, 


biomass specific 
conversion rate 
of compound i 


(C-molj per c-mol x h' 1 ) 


(JjjVlll 4-C-^uJ 

(J 

4 i i-n. \l 4 \**i^\l 

"i" j*U 


fii 


specific 
conversion rate 
of compound i 


(mol; m° h' 1 ) 


"i” 




reactor liquid 
volume 


m 3 


J&U4I 


V 


biomass 


C-mol 


4 i jji-n. 11 4 \“i^ll 


X 


yield of biomass 
(x) on compound 
i 


(C-mol x per moli) 


a Y&W 

"x" 

"i" Jk ,JJi 


Vix 


maximal growth 
yield of biomass 
(x) on substrate 
(s) or electron 
donor (d) 


(C-mol x per C-mol s ) 


4 i i-v \1 4 \**i^\l 

"x" is ^\ 
b jLaII 

J "s" aJjVI 

"d" 


y max 
1 sx 


specific growth 
rate 


h' 1 


ill 4 


M 


maximum 
specific growth 
rate 


h' 1 




ft max 


degree of 
reduction 






y 
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Introduction 



1.3 



cLul<AI tjc. (Quantitative) cC eta jk* cCJl c 

cLAiAl A_aJl*^a cliLac-j jj-aVAl d jkc. (j^ c^aAl ^ a_us yQaAl 

IgCa A ^ d jj A 3 j^}*-a ^^Ac. . 3 ,aT'».j jdl A_ia£ (__jjLAA A_i^.jjC]l A \ u » _ji!j 

"S" *Jjt SjL. ^ (Y dx max J Y sx max ) Ajja=J a 1£1! jC 

AjLu-a A-alicV' clALiCa lillAS l^Cj t"D" ^ Li» ^ ji (Substrate) 

J m s ) ujj^V 1 ts ^ 0 J (s) V jV> cLall (Maintenance requirements) 

aALa tAjiuJsalt A_p.U]l A^a . (oLlcA CLiaCSI (JjAa. ^)Iajl) K s J JJ, max (m d 
BjCij) Ij )Jj£ Cl jUil 1 g 'l.a i_J^] A_CQ]I A .ajqH (jj Al bAA £-a A K Ai-a 

CL jCSI A^aiajl jjCl j . A ql'is. jdl A .all'll (jjj (( 1 » C Ajla jl i slaCal 

(JlgLuaj ^Aa*-a (JLaxiuil A_Luiljjll ^aAA ^jCa' CQLuiaJ (1.3 (J^ tall) 

(j_jj jL . .n xi JLutlJ £a i_uAljj ?. l_L d j L.aa J jJaM La£ . j3 jdl (j j I 

H + — 1 ' J H2O J tHC 0 3 — S' LS^i • jSjlall (jj^. jjInSI J 

^ya IjJiSi Ij-Ac. (jlj tA_iLa*AI A_i^.lill (ja . ^aiil A all ’ll (ja ^aliaj (J£ ^3 QjJ 1 . 1» Vl 
J_ja — C S Ci% A^jLuiLa A_AjI A_ai£jj ^^Ac. (_£ jAC Ajjg -s <n\l A_ib»AI CUjI£]I 

Ajjj^all bAA g . a . C . 1 .C1H1.8O0.5N0.2 4 *J t l0 — J ^£jA^AI (jjjll (j-“ (C-mol) 
ji jj JC ^3 ciSA J tAjjakll aAj<AI clj j£<A Ajjluta A_uL jj (Jla»A,.,nLl 

AjjJiAl aAL£A 1 CL C CCL (JCaSVi (j£L3 j . (jLAAl Ia^_s A_ii3Jlj aJ. W -a Cl La jA* *> 

^jj^vcll (> jCuj IAa .(Elemental analysis) ^jV' JjAdl aA^jj 



(Stoichiometry of *iCj jdl JLU. ^ jiajjSyiuAI Aij*-a 

f 

(jc* c!jLq^1x-a]I ^).£u j t Viil (3-j^ t growth) 

t 1 ^ 1 j’Wl j ,(Y SX jl Y(i x ) Auljl jl A A (J 

* 

aI , jli C1 jLq^ 1 *_a 1I tillj jm’t .^nn^l J 

^jjjLiS (jli cill.il 4 _JIjl 3 diti AuLoC- Aj^aVI 
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4jli tiiSJj 4iL-bl .4_iA&Vi ajIc-j ^jujLuj! ^)-cl ^A (Jc-lioll ^3 

(Growth stoichiometry) ^ jl* j £ jioi 

A^JUt-all dA jl ^ Arbitrary ) AJaLiic-VI ^-oill a^Jvi! 

. 4_J n t-v. i*‘ 4 \\ aCl q| l** i l t l Q*t\\ 4_j qJ2ki! 



CATABOLISM 




ANABOUSM ^ 


Electron donor (d) ( d ) £j£* 


(x) v** in 


electron acceptor (a) \ 


Gibbs X 


CH^OosNo^ 


(a) ujj^W (&-*■ • \ 


energy / 




- 


► 




>«Jl J-aUJU £ JJ*4 / 


V 




Oxidised donor y' 


\ 


N jC 


+ 

reduced acceptor Jja-m 




H 2 0. HCO 3 , H* 



.^LLJIj (jJaj'it diLl «g Sljljjjj JaLujI . ja1!I AjUc. :1.3 Jitiil 



-2— electron donor - -2— electron acceptor + 1 C-mol biomass + -2— kJ heat 
Yd ■ /«* Hot 

+ -pU kJ Gibbs energy + (— ) N source + (•••) HjO + (•••) HCOs + (•■■) H‘ 

£y» (C-mol) j — C AJcIsIaII CjU£ja!I uui (jjii 4h< ax> 4jjbua :2.3 Jitill 

Jja, _jli£ ji Jjj ^yic- X £>« 4^1 j J jrUjl £)C 8 jIjC- Y j x .AjjjaJI 4jj£ll 

J J~ ^ ■' (_5jiaj jSjIui J-alx-4 (jC. AjU£ ( ... j jjlc.jLiil ."i" Jwa 

. (stoichiometric-coefficient) 



^ jl« jj£jluj ljLui^ — Aic-lilail j^aUaJI jLaj) ljLui^ 2.3 

Stoichiometry calculation 

Definition of the growth system jaIII fUaj t-Lyiu 1.2.3 

La£ ^a 2 I ^Uail 4jjlxaj£ll SJjllxx J-iUan 

(jJ*J AJjUoall ajlA -Ikljj 4 V'^tl .A^J j (Jj^i — C (JjSlII L "'.'^ t(2.3) 

Ilj 4 DCO 3 ^ J 4£.Lo]1j (J£ J 1 ' ;V-V I 
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AjjUaj AiLjaVLj * A.1 19 uaa j Jjjjilj ^ h» a j H lljH^O 

* 

^1 j u) ^j ‘(C-mol) Jj* -C _ 5L ajj^AI aIjSSI a^a£ ^US .(Gibbs energy) 

<_£l) (j a LA^c* 12 (_£ j Wj a_1j£]I jjj jA .i^lj J C 

a^LAI Lol^)C. 25 (Jpbu .1^.1 jll (Jj-a — C !l (j-o a Aid j 

li& AiiUa]l (j-o AIaILj 45 ^-11 SaIc- J<; An jqa^Q (jV tAil-^JI 

cl: iIj£^)a (Jj^aA (j-o (jjl^l! (j^A\\ <A1]Aj jaaII Aj^)j^)jJa 

- > 

/Jl Jlkl Cll^Lc-lij -c A^Uall tilL . A-Jjj^dl Aa.\a£> ^jak^i CIjIa^^a 4 lijtMj 

sjj-i' (JjAjS Axj V . a1a£v.ajia j ^JaxA ^jaj AjJjIa (Red-OX) aAx*j£l j 

L^jj c _^<u]| A^AaAjauJI AiUall ^UiS JjJa^VI Aij^Jall Clinic, lidll ^j-o o^)^) Vm\1 

* * 

431321 i^ys (J£ ‘CaALui-a ^jc. iS^-9 6 AG J j . -4 > O ^21 j ' 4313a (_^2 _j 3 L '--i i 

^-4^) Sja jlall jjc. 431321 j 4 AH j j^Vi ^1 (Enthalpy) ^Ajl t4jkJ2! 

4EU2I (jli Ajk j .AS — j j.Ai^'i ^21 (Entropy) ^jj^' J (^rXtYI 
^ jILojjSjIoj cALalEa jjj .(AG=AH-TAS) <J2jxll lilii (jjj 

-kujj ‘2.3 J221I (jlAll t <J&li2l ^3 (Stoichiometric coefficients) 
<iaja_aj 4_2_3 jAoj ^31 (Yield coefficient) 4 jj^ 2I 42521 J j^-v-a JAAu 
(j^lA CjXcUA Jl Y gx — II j ‘Y hx -21 j tY ax — 11 j ‘Y dx —II jajs .±*> J22 
C-mol 4 j ^ j **- II 42211 (jji J j-<s-C 12 ^uL2]l i v ^ j) aj^i^JI aIAI _2 ^i ^ ^ 

jl Ajj^Jaxll SjLdl (j-a ii.lj (Jjx — C (J SSj L gjjJjSS^\ 0 .fa».-a Afuiillj (biomESS 

(JS1) /j j yifLiy I 2.^"u^;-a ^21 Aiwiiltj jl 4 (^ jj* >»» II Jy^~ ' . (j-a ' ^ I j tj^-a 2^ 

^J| A. : ua l!2 jl ( .',^.1 3 (_]^) a jl J ^ II ^21 A..Uail2 jl 4 ( 2^-2^2l ^a ~ ^ I ^ 2 yA 

^J| A.ua\12 . ^j-aa2l 12^ I £ ’ ■ 2 , ,~> l n.\ t21j ;(^^l j aJ21) ^ ^ Aalla 

A 

^ (-) kjiyXc. .Ja^3 C J JLaxLoiI ^aJJ <jli A \*i^\l 

. g'nJ A-AaC- ^jc- ClaV^b^-Al (J£ 



Measuring yields j-LS 2.2.3 

Ajjaij ^jc« S^jliC- Yi x Ajj)-j.2k]l aJjSII (Jj>x^a^kA dj^LalxA ^jj 
^ r x sa*. j jjS ^(Conversion rates) J j^\ (Ratio) 
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i(C-mol biomass m 3 h ’) jial L <11 -C 

.(mol i irf 3 h _1 ) u«i«ll jialL "i" T; (JjAjB o-la. j Laiu 

r x 

y; x = — - 1.3 

r 1 

(j-a <=aia_^a <11 ClljjljJ C. -iLaUcYlu Cslc-jju 1 . ImVl 

■ilj-a sUa&lu A AAk^XA 4ujcC II Cull C-I^UJ cAjIaxJI J^Lk CliLoiLaS .ikl 

(Continuous culture) s j* u J * (Batch) cjtxi^ ajj!^ 
(fed-batch) ^ULI-CjUij jl t j! JAAxjL} L£U21 <ulidl SjU! <,2^ Cu^ 
J) >iju J^l) CjXaUlli jl! (j-a . (jjajLuJI (jjjiiV I (jjj 4 i fi > >i j <11. JICj 

A fill a Lajlj ^ L<a»U,».>il j ljLaJC.1 ((Jcliull ^9 Qj j!La _jl jli 

Jl JclL J (Y sx ) V j^' Jj <auu11j (Biomass yield) ajjjsJ 

jLualt <laa2 JlaJ 0) lujlu ; -.>^l i ijjfLj CCua batch ^Usu Ja .(Y ax ) ^jjjUVI 

: JU! Y sx <Bl*-a (jjSj (ajIaJI ji 

Y sx -(c x - c xo )/(c so — c s ) (l) 2.3 

Ac. (_$j LCj Cua. (Chemostat) JLullI jljiiyi <11. J 

Clia. ;<^uLaba <12jua (J^ufaj jjlaj tjl jU ^LuVI Ac-^yjij (Jalidll <1121 2jH 

111 Lai . C s j <11 Cl <JjVI ejLall jljC C so II ijp- (jialaujouj c jC^a jLC C xo 

- * * 

Jl <ikdlu .(JUI cAjjl jj {ja 1 .Viftxj jj£I f ^VI ^9 jdij 

(Batch reactors) CjUi^L Cj^ILJI 

t^-L La£ lA-lic. j cV jA jjjtlLJI jV q 

Y sx - (V cx - V 0 c X0 )/(V 0 c S0 - Vc s ) (m) 2.3 

Maintenance effects AJL^all il Jib 3.2.3 

Jill iu (jllj .Culu Jaljda <jl Jfr Y sx J i_sjj*j]I Aui Cuii J 

J ^u j g > oi l CjIuHII <cljj ui i(Chemostat) ^Ij^lll jljai^yi 
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Y sx JxsUl <jL i(p max ) c> J 5 ' C^] lS- 3 £ 

(j£ajj .|j Ujxj (Specific growth rate) ^ jill >ai]' 4 c>. i ^ Jai*j 
J (Endogenous respiration) gdil-d! <> ^ jjjjj 

cjjlii jil <jUi^a jl f I j& (j^J^ -(Maintenance) <jU~all 

^jL-«aj j i(j^a 3 l jill Aui ojlcl (JaJ (jj) IjjLIa (jj Jjij jjjj •■ . 

- > 

4 £.jjj j^Ic.) JJ-'Y j 4 jLaC. (jj "(jin-s HilJa ^jjj -(^dj • • •‘Ea^g -all Cjliiijjill 

j. * 

kc-j^ oja .(Substrate) ujj^) cr^ ^ ^d^j-dl (<ia-c 

— C (J£l AjljVI o-iball jj-a (Jj^ — C — J (JjEall oJ^j (jj£j j (nij ji m s ) -oljj-all 

: Ajlljll cdll jjj j tljiLull ^3 <J ji \1 A \"i£\l ^y> (Jjj 



1 

fsx 



1 m. 

H 

ymax ., 

1 SX r 1 



3.3 



jljaLYl 4ila> ^ Y sx (JjIj2 ^jj iAjJJjajll Aj^lill (j^ 

^jlll (jj lidJajl . ((jjjLull J^l! jlajl) |J j.a ill A d’is .a Cjlc.jxu i Sjjla 

i Sjjlall (3.3) -iElji-all (Jl.aaiii.nlj tjmsi (jl (j£ji J |Jj Y sx 1 ' g i hL) 3 ^aJ ^^gjll 

.m s 4 jl J - --a j Y sx maX J ji^is ^ (_g j . i i. a . a ^^Ic .1 (_jifr (Jji^is II Ijlllal! 

:(J ( _ s Ic- Y sx jLal&t 4 jsj£ 3.3 J£jHI (Jjjj 

Y sx max ls ^&\ Jliall t> Y sx sjjjsj aJU [J Cjil£ III _ 

AjjLou ^_li«n‘l j JajaXa (JY’iil Y sx (J^i3s V' 4 jlVi-a |J 4-ajj Cjjl£ III _ 
n = rriiY™*. LaJat Y sx max <^a <. 



iP cAjjLiic.1 ^Jc. _> A ^ uj& lIjLAaxJI <0 ^a 

.(i<0.05 h ^ uj^ aJLcaJ ^Lils oj & ^ ^jjjIj 

i 

I jjuII dbiil (Batch culture) cjUij ^Jc. Sjjijl cjELat -ol iilE .^-ajj 
j (p ~ p max ) ^31 Lyjli (j jluj p —11 jj£i (Exponential growth) 

2 -^jll J£~^ ^1' (Fed-batch) f l*Ll-cjUiJ cjbl^ ^ Laij .Y sx ~Y sx max 
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‘OLb-all L-jjta. (j)® ‘|X< 0.05 h ^ (jjSll ‘ " t 4 jC.l‘i.^iH Cjliuiilll ^Jnx-a ^ 

■Uua (jj£j CjUjISI] 4 J ; J' L-'lanW'i't lillis J .4 ijj^.11 4jj£jl Jjj-a^-a Li 

jalajjill ^ y. . ^i 4 Vi w ^.i! j_jjlj^, (jj£j AjIc. j iblajl 4 1 /la 




>»l!l Is. ulc. (biomass yield) Y sx 4 jjjj>JI aUsji J^uaa-a jL^cI : 3.3 Jill 
(substrate maintenance aJjV I SjUJ! SjU^a J4U4 <yk m s <(4-SUya!l jlih) 
. AjJ jVI jIja!! />a (ja*- 4 ^ u-» Ajjj ^-11 Alii!! <j-a Jjj^aa-a y^a! <jA Y sx max .coefficient) 



jaDI JaLS uLwa A.jUc- ^ ialiaJI jj jLuj 4.2.3 

Conservation principles to calculate the full stoichiometry of 
growth 

ujU (_g j!La y . uill (jjLia] ojjiiS ClL/Lal*-o Jjaj 2.3 (J^ .'Ml (jjjj 
Ajjaj]I JLIa 4^a ClibLabt-alt 2L1 j i . lU-i'i i V tJa^J! j . n ~a 1 j . Y(j x jt Y sx 

A 4 J 3 L_lLmA, (jLia-V^ i—iic.1 ^ (jSi-aJ tJaliajJI (_£jlj4 Jjj Jbli. (j4 .AiLutJI 
AjLuC. ^jiuJ (JLLa La ^ • ( Y sx ) IgAa ~o.li.lj Aaj 3 (jjLij ^aJ Ijl IgJfl CjbLclataJI 

iJaliajVI (_£-llj4 C-bu L- \\ 



fj jla jj£ jluJI dLLabui J-alS ujLuti Ajiafr ^ ialLsJI [5 jLu JLaxlujl 

Conservation principles to calculate the full stoichiometry of 
growth 

(J^it.'ii.iijj (Oxalate) t _ s i& j^ii ajj! j& CjIjjIS LiUl 

Alifall Jj>^t \ 4 “Laja (jl (jjjj (_jjLialt Jbli jjx tN (jjijjjjj j.'u<o4^ NH 4 
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C-mol X mol 1 ) JS1 X -C 1/5.815 ^ 

(Jfrliiiil (jj^j -etiSLl] ajjLjxaII .(oxalate 

£ys .lalj C (_£ (jl hVn.u'j ( 2.3 (JSjill ( _ 5 1 c- «.ljj) ^till 
: Cull j£ jl (j-a (J_jx 5.815 tiKg'uul Ajjj^ll 

- 5.815C 2 0 4 2 " + nNH^" + bH + + cH 2 0 + d0 2 + eHCOj 
+ ICHj 80 o.5No. 2 



QajJo ( & I) <1 jg •% ■« (_£ jILo l_ll mi's ^3 ell^Lol*»a A mo-s tilliA 

djIjjjjL^a ^y> Cj^La- jiu% ^^ic- «-Cj CllV^l*-a Clj£ lil (j£»aJ cJc-Uull I2& 

^Conservation constraints) JyiaJVI ol^L# j 



0=1+ e + 11.63 - 
0 = 1.8+ le + 2c + b + 4a 
0 = 0.5+3e + 2d + c+ -23.26 
0 = 0.2 + a 

0 = e-b + a + 1 1.63+ 



l _ 5 ic- Jalia-iVI 

tjl'S >XVl ^glc. JaliajVI 
JlaliajVI 



41jl»..nll 4lal£]l i^$ jJjoiII (jl (jJJJJ “Ujla-all (Ja> ^4 

— 5.815C 2 0 2- - 0.2NH+ - 0.8H+ - 1.85750 2 - 5.415H 2 0 
+ lCHj gOo.sNo 2 + 10.63HCO 3 



: 3 lS jj ■-41^ 

Y sx = 1/1.8575 C-mol x mol" 1 0 2 
Y sx = 1/10.63 C-mol x mol" 1 HC0 3 " 
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JjAaJI A a AGf 1 J AHf® (JLaatJjailjj a <Xuu1Lj 

( _ s ic (Jj-aaj Jtilljj t(AG r ) j (-AH r ) a* AAa nn-\ ' fj\ U1 (j^«j tl.3 

•1/Y gx 1 /Y hx CA 

Balance of degree of reduction J1 Aa,jJ aJ' A 5.2.3 

(Conservation Ala^A/l cAAL>j AA 3 - 1 jj 

AjjLotaJI a iC» 11 *2112 o AiLA a lilljA .ojjiCa 4jjlLa constraints) 
.(Degree of reduction balance) <JI jikVI jjl jj AA^ J2U. a* 

A C. ojIjc- a ■1*'*-. ^ Y ? “Gkj.2 A^Ai-S 

ejl£ jJt A) a..u,>i.>]Ij 0~y a^ A 2- e-A ' jliic.1 tCjjAa jj£ jlui 

j HC0 3 " tH + j H 2 0 ^ j (Reference compounds) <*-?• ><£ aJuAddl 
A-° "y" Aaji i._ jlma . . a^?.jAA^ Fe J NO 3 J S0 4 “ 

(Redox half A"^' Jl jikVI j a-i^A Jc-Ui A-^ J^Lk. a* CjI£jJ! 
A A. A' ojUI ^ j <LLdl ojLdl A) JjA <ikJ jj ^ A reaction) 

"Y" A aA 1 o> a-° ^ A'j (Reference chemical) £=>.>dl 

jIjaSI a-® j a* .s-ic. 4 -Aa^ 

(Jc.lij A=- AA O2 A it* “'5^' (Jljjk.1 a1^ lA-® A^ • 

La£ i_]\ j a.Xui£Vt A -0 ^ ^ > .~ 1 1 

0 2 + 4H + ^4e + H 2 0 



-4 =y Ap. 

6*l)al£iU (Jc-lidll Ajjalillj 

C 6 H 12 0 6 -F 12// 2 0-^6/fC0 3 --f 30H + 4- 24 e~ 



(Electrons mol 1 glucose) jj£ jKl' a- J j-db AjA^] Y = 24 ciu^. 
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A.u.n.tlLi CilJjJI J "y" (jjilaj La IJlc. 4jL La jJiMI L>° -4 ^ 

-Lil& j (per C-mol of carbon source) J jVI si-all J j>j Jll JJ 



(y = y = 4^ j j jisu y CaJ ji 



6^)iSl "y" <Loj 3 C-jL.Ai.7k (jS-oJ cjl flAjai^Vl (j-a ^L-^aj (JLaxiluilj 

4 (JliLa]l (Jjjjai .( 2.3 a WajjW 

La ^ic« S jj Jj AjjouIL (J.A^a7k ') 



C + 3// 2 0 tfC0 3 -+ 5// + 4- 4e~ 



y — 4 

A *i~s .*11 j ‘N tS ‘O ‘H (j-a (JfLl "y" “Lajj L. it m*s JLaJ 4ilja]l (_Jil 

Cal3 Jj 3.3 (J J-^41 ^_3 Jaa.LLi j . 1 .3 J j "i +1 (jjjj Lai 4 j^._ja]I A W .*11 c t AjILuJI 
^3 J ys. j-all L-bi j <J_jJiLSI A l"ijll ^3 3^s.jJI) Jjjll sjl "y" 
. yjyjjpLU ja ill 41.a»."l. haII 4j1jVI Si-all ^ y ^Jc. j jjl 

"y") 3.3 (Jj.lJI J daj j 3 —=ui£ NH 4 ^ajjj J-aVI JLa*U .Ik. ‘LLLa 

(-3) + 4—1 (jjSi ‘ “ J' JkYI J.j3 (jl (-3 45 jL-ii (jj^. jjlkll Sjj JJ <iuiilli 
Sjjkall ClAjjJilLM 4 -iaSI (jc. Sjac. ^^$3 ?.(_£jjl Jl JkVI Lai .— 0 

(Reference a \* >^a CLL-i dibi^-a Jl aj..i . +1 ixj (4ka Sj^j^-all) 

CjL j jjSJLI iic. Jj^*j Ji t JyjaJI cjJjJI Jl J-LL .compounds). 
jjc. i \ _JI JJ JuJL Lai ‘(per C-mol) J y*~C J3*i Jl J-ulL s J jiall 

.(per mol) J _JI Jl Jabb Jj3*j1I Jj 4jj...^»..1I 



.8 j 0 (jjj ^jlji 11 ejLujJ] "y" Cj (jli 1.3 Jj-Jil (Jjjj 

(Standard (^jLa^JI J=uull JjJJj) CijJI 4liill Jl J-alLj 

: Jj Lai composition) 
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(Enthalpy) ikjjLxA] “q^." 4lUa :1.3 JjJail 

cAa *4S>dl JljSil CjUjJj (298 K, pH = 7.1, bar, lmol 1 ) 

.jaIII 4_« jJaiaj 


Jljja.VI CjUjJ 
(C-atom 1 ) 


AH*(k) mol -1 ) 


AG®'(kJmol ') 




Lu£ JAl\ ^Jai\ 


j v.-».a) 4.2 
(NH4 + 


-91 


-67 


CH 1 . 8 O 0 . 5 N 0.2 




-0 


-286 


-237.18 


h 2 o 


eUl 


0 


-692 


-586.85 


HCCV 


‘A'jjjjSjj 


0 


-394.1 


-394.359 


co 2 




0 


0 


-39.87 


H + 


jj+S Ji 


-4 


0 


0 


o 2 


(jit) (jj> 


+1 


-824 


-674.04 


c 2 o 4 2- 


(Oxalate 2- ) 2 Aull jS jl 


+2 


-111 


-137.15 


CO 


ji (Jji 


+ 2 


-410 


-335 


CH0 2 - 


(formate - ) "CuUjja 


+2 


- 


-468.6 


c 2 o 3 h- 


(glyoxylate - ) 


+2.5 


- 


-1010 


c 4 h 4 o 6 2 - 


(tartrate 2- ) 2 Cul jpjtj 


+2.67 


- 


-700 


c 3 h 2 o 4 2 - 


(malonate 2- ) 2 "Cuj jJU 


+3 


-777 


-604.21 


c 4 h 2 o 4 2- 


^ diiljLcjja 

(fumarate 2- ) 


+3 


-843 


-845.08 


c 4 h 4 o 5 2- 


(malate 2- ) 2 AuVU 


+3 


-1515 


-1168.34 


c 6 h 5 o 7 3 - 


(citrate 3- ) 


+3.33 


-596 


-474.63 


c 3 h 3 o 3 - 


(pyruvate - ) 'duajjij 


+3.50 


-909 


-690.23 


C 4 H 4 0 4 2 - 


(succinate 2- ) 2 


+3.67 


- 


-1154 


c 6 h„o 7 - 


(gluconate) 


+4 


- 


130.54 


ch 2 o 


(formaldehyde) 


+4 


-486 


-369.41 


c 2 h 3 o 2 - 


(acetate - ) - CmJ 
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+5.33 


- 


-445.18 


c 3 h 6 o 3 


(dihydroxyacetone) 


+4 


-687 


-517.18 


c 3 h 5 o 3 - 


(lactate") "cji&V 


+4 


-1264 


-917.22 


c 6 h 12 o 6 


(glucose) jj5jK 


+4.33 


- 


-942.61 


c 6 h 14 o 6 


(mannitol) JjluU 


+4.67 


-676 


-488.52 


c 3 h 8 o 3 


(glycerol) J 


+4.67 


- 


-361.08 


c 3 h 5 o 2 - 


(propionate) 


+5 


- 


-330.50 


c 2 h 6 o 2 


(J jjAlj] 

(ethylene glycol) 


+5 


- 


-280 


c 4 h 8 o 2 


(acetoine) 


+5 


-535 


-352.63 


c 4 h 7 o 2 - 


(butyrate) Cjjjjjjjj 


+5.33 


- 


-327 


c 3 h 8 o 2 


(propanediol) 


+5.50 


- 


-322 


c 4 h 10 o 2 


OPjH 

(butanediol) 


+6 


-246 


-175.39 


ch 4 o 


(methanol) J jtliu* 


+6 


-288 


-181.75 


c 2 h 6 o 


(ethanol) 


+6 


-331 


-175.81 


c 3 h 8 o 


(propanol) JjjLijjj 


+6.13 


-439 


+60 


c 15 h 32 


n-) u£L n 

(alcane liquid 


+6.66 


-104 


-24 


c 3 h 8 


( j^) 

propane (g) 


+7 


-85 


-32.89 


c 2 h 6 


[ethane ( jli) jAiy 
(g)] 


+8 


-75 


-50.75 


ch 4 


(ji=-) 

[methane (g)] 


+2 


0 


0 


h 2 


( j^) 


+8 


-133 


-79.37 


nh 4 + 


(ammonium) 


+10 


0 


0 


n 2 


(nitrogen) 


+2 


-107 


-37.2 


no 2 _ 


(nitrite) CujAill jjJ 


0 


-173 


-111.34 


no 3 _ 


(nitrate) cjI jijll jjJ 


+1 


-87 


-78.87 


Fe 2+ 


(iron 11) II 


0 


-4 


-4.6 


Fe 3+ 


(iron III) III 
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+6 


0 


0 


S° 


(sulfur) CjjjjSII 


+8 


-20 


-33.56 


h 2 s 


[hydrogen ( J+-) 
sulfide (g)] 


+8 


-17 


+12.05 


HS 


sulfide ) i'iA< CjJ 

(ion 


0 


-909 


-744.63 


so 4 2- 


sulfate ) iiuliU SjjUi 
(ion 


+8 


-608 


-513.2 


s 2 o 3 2 - 


ClliLoi Jjlj o4_jl_ial 

(thiosulphate ion) 


+8 


-133 


-79.37 


nh 4 + 


(ammonium) 



4.2 = 0.2(-3) + 0.5 (-2) + 1 x 1.8 + 4 x 1 <> 4.2 = y x 

NH4 Li3_^a5U tllljj 

NO 3 — 5 til] jj 5.8 = y x 



(jjljj i_iLui2k jyj£jy I ^Ac. Jo 1 ' q*s ~y/ 1 ( 2L 4jV j 

: jai JH4I US J! jiLVI 



UliaUillj djljlll "y" Ula*jJ • 2.3 Jj4aJl 


y 


(atoms charge’ 1 ) 1 $jL4Uij cj! jill 


1 


H 


-2 


O 


4 


C 


6 


S 


+5 


N 


+3 


Fe 


-1 


^+1^ A W /11 


+ 1 


^ 1 ^ A \W 1 n 4 ‘i'N. 
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4jjja 11 4-LlSI jjAjjlilll jiAl ^ jjajaII N JIJjaI 4ajJ : 3.3 JjisJI 






-3 


nh 4 + 


0 


n 2 


+5 


N0 3 - 



Balance of degree of reduction Jl jiatfl 4 a jJ JjLu jjjoki 

ClUA tClull jl ijjLa Jc ^Ij^JI j-aill j C. (JjLuJI JLLall ^1 jS-Vnl 

t H + tNH 4 + t C 2 0 4 2 " 4k\ii4l jljJI Jc. JUaVI ^4^' J^l lUAj 
Aa jj i-jLua (jj .(C 1 H 1 . 8 Oo. 5 N 0 . 2 ) ^jpaSI +L£3Ij iHC 0 3 ‘02 ‘H 2 0 

p,_£ Ja JfLS (3.3 Jj.1a3I A mall CjI W J dlljilS "y" JU*1 aIj) Jl JIaYI 
2 = (+2) + (-2) x4 + 4x2=y^ (C 2 0 4 2 “) oJI 

"y" NH 4 ) 4 ,I‘i 5 yI 1 y <Loj 3 jj 

^ (C 1 H 1 . 3 O 0 . 5 N 0.2 JLa*luLj 3.3 Jj-i=2l j ua-\ 1 -3 J 2 j«j jjAjjaill 

La ijha -3= jJA jjiiill ojjJ y 4-aj3 (jli 4 j nilljj 4 jjA jjliiil J-laAa 1 &jLjc.I 

(jj^jj ‘4 jjja]I < 1^11 C 1 H 1 . 8 O 0 . 5 N 0.2 . iVn * i lj (3.3) Jj^aII ^ J jj 

• i _ s ^ La£ <■ jl m-sll -LLijIa 

4.2 - 0.2 (-3) + 0.5 (-2) + 1.8x1 + 1x4 

<luiil'd j 4-4 j j5"l > u O 2 (jJAul^YI Jl JIaI 4ajJ jlj 4jLjlall Jalijjj 

:J* J^ HCO 3 -SI 



0=1+ (-2) x 3 +4 x 1 +1x1 = y 
j£> pIa La JLajdmlj) ja jjliij jIaL NH 4 Lij j^V I S_1 A n . 1 '] IL j 

Jjaaojois (3.3 j 2.3 Jj^aSI (j« 

0 = 1- 4 + -3 = y 
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.0 — y (jli (H j HoO) (Jc-lijll ^gi dil AiL Jl A.u.>d\li Idol j 

(Jc-laj AaJadAI Jlji^.L /1 A^.ji (jjljlil ^ )-iii ;j 

0 = 4.2 + (-4d) + -5.815 x 2 

And (_£jda jj£ dLLal*-a j! (jd (jl (jLaJ (jjljlll Id JLld 

aJjSLISj J jq'nn^l j tjjjjjSJVI J (Substrate) aJjSM oiLali 

J 2 JI £-a (JjUaJJ -1.8575 <_£ jLuij d A_ad (jl (jjilj A_llc. j .AjjJsAI 
Jl ddSL U .Conservation constraints AilidVI dlJia iJA? .JjLJI 

LlLa iJLalidLM dldLall Ajlbdl AiljlsAI jj^a £_iii (_£^)dVI dLCbuall ^ll 

^Ifr fid HCO 3 JJjt-aj i(j^jjin]l (jjljJ fid (jjli.j^jllill JJjJa l. nn*sj 

J 4 -ag -a Aalai olid jdaj JlLall Id ^3 . 1.^A j i(j_jlj£ll (jjlj!i 

(jjj (linear) Cikd kaLle bdb Jl jidVI a*.ji uj'jj ~ 

Al&ll j 4 4 g 3 . /j-a A 1 i?nuaj (jjjjSLTyi ^ b» al jda ^j£ jddl dLLal*-a 

.ojjj£ Ajl-aC. oblA dl j AjiLLdl ad J»-sj La i{_£ jdl (j-a Ajjj^JI 
lldil j& Jj il.li.l 2 k. IbLa LLalc. V JljldVI dl^.jJ (jjljl l) ~ 

.dlddali j Nj iHj lC (j«» Jfd JaladL/l dlbLa (jjj t_±uilda 

^3 ilidL/l dlbial (_£^>bl dHj>^>q ij oilLa dlaAliaJ bid 

. Jj-aall Ajlgj ^gk a jjSidll 

n ^in" dC- AiUall Jdu Ida Lj ic. f.lL ^ jla jjSjludl JjaVl 3.3 
Stoichiometry predictions based on Gibbs energy dissipation 

^bVuulj (Ydx) A ti^ll Jj.^i^a jj.i.a Vll A^jjLa ole. bid 

aLjL bid aiiLJI j AiidJI j bkubll jjAbl <j* . (correlations) dlhlbjVI 
^ya (_>ald o-dj J£J Ablbu-dl 'j_j>i ,i~s" Aiilla ^idid j . 6 lj ^Idl^a JLl ^Ac. la'dj 
Cl]jL?l SjLall J ya~C 111 J^2».jlj^lli (julaj ^^Ij (l/Yg X ) CijAiAl aJSjSII 

:a^j (kJ C-mol ' 1 X) 
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1 



1 



4.3 khl*-. 



m s 

+ — 

V vmax ,, 

IgX igx /*' 

c Og; kjjjaJl HliSLll ^lij/ " (jjofa." kali iiKl »' ■ uV <jft Jl kc^JI ^^A m CT CLua. 
(kJ C -mol ' X h kc-lib X J_$-a — C- Jja.J5i (JJ1 s^wj (jjjj tkj' j > ^ i l l 

S^j (jJjj ‘ kali i^ya A -Vu-all (_£ kjjj^ll A l'!8H ^^9 YgJ 3 * Lai . ^) 

.(C-mol X kJ 1 ) J JJJb X J^-C JJI 
Jic. jl J . ,n ' C. Jlc. Jbaluj kSjjuauJI "(J* 1 lY kali Jj 4.3 kljla-ai! (jjjj 

j> 

l/Yg X 1 (jJJ Lin (k£lc jl) ibjl ^ jlal i j .kjlliillj _^a2L JjLXa 

'Jlja. diijAjj kc._jlLo _^aj 4 bin'll ^Jc. (_g in kalbdl oij -trig 51 

kjj|j jl t(Heterotrophic) kj^.^o J _^a J& kiiii-a 

jji. jjinll jjlL j*j Jii j ikjj! jaV t Jl ji, i (Autotrophic) 
^1-ikbJj tkc. jjia kb ji <jjjJ a J J& j 4 (Denitrifying growth system) 
.(Reversed Electron Transport) U-£& jjJJLM JL ^lij jAj RET 



kib^ail Jl AiUa Jl JbJl kijlj 1.3.3 
Correlation for maintenance Gibbs energy 

kali! J _j*jLa]l ^ j liijlixs kbtbl klaUiSI ^a ilij J/l jyl* ; 

:kjU*-a!3 " L> ^" 






4.5 exp 



69000 


f 1 


1 'll 


8.314 


\T 


298 /. 



5.3 



348K Jl 278K jjj ^jl J ojlja. Jjj dijl£ 111 ilyj Jl Ha J in 

(Jc. V mg (jb ^J-ial J (j-aj . kjjl_jAV_J kbl ji 1 i jja (J 

k^^a ^Jc. J5 ,"a\j iaa . Wh».‘i (j£Llj ‘LlsJ^V! J J"' . -i^ jl Jm^> Jft Vj 

/'(jaJ 1 kali Jl iaa ^Ibb kjlj.^ill Cibbo J Cilia. 1 kbi-a lilA j-lli .ojljaJI 
. " (j> nV' kali (j^ JJ (_$ 21 jjilJ 1 J lb . - J ^_i*_a alalY I ^)C- Jaill ^_yaiu 
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jaII] (jaaa* 4 ^Ua 4 Jaj| j 2 . 3-3 



(Correlation for Gibbs energy needed for growth) 

0^.J dll 3) l/Y gx maX <sUa dl -yl ny I JJ 4ydllj 

(kJ Gibbs X ^Vi - al l (j-e C — Id "(jaiia." Aalla ^ 1 U (_>Aja]l 

kiuJl CjILUjjVI JladJ (jLaj ( energy C-mol" 1 X produced) 

: 4 dUI dY^I 

(jjJ Cy* A-i-Ailil! djjl£ lij jl iAjjjJaC. ja dljlS lij 

LS iU jVI UJ^ RET J& ^ 

-^7 = 200 + 18(6 - c) 1 8 + exp{[(3.8 - K,) 2 ] 0 16 (3.6 + 0.4c)} (U 63 
r gx ' ' 

LaS, -LaliijVI (jjfLiS RET J] ^ddi 4 jjI 3 4j.}*j]l dul£ 13] Lai 

T^r = 3500 M 6.3 



L^a <> 4y3i2l 4iU ^ ‘1/Y gx max ch 044 0) 6.3 JjVl *U~1I 

i (JL&xILujV 1 <*_nJa ^ic. -lxu*j c^jjjJaC. 

(J-a*Jjola]I L_d£^)A]l (C UJhU^ 1 ^ ‘Ys .JJiiVI 

(I) 6.3 (jjij .( jjSjH jAi-aAll (jlS 131 4 = y s j 6 = C 2liLa) jjjj£ 

4jjliaa "(_)afL' “LLa jj-a J^jLS lOOOj 200 j)JJ ^jljJJ l/Y gx maX du3 jL 
131 . j .aT'n . 21 j jy^)fl]l j .~i s, M..\i di 3 j t4 ijjjdl 4 jj*a 'd j J^ya C ^ddii 

(JLa-dl jj-aad I J ^ j (jjjS“i . . 4S\y^ . .dl 4aUail jjL j^J^)£JI j ' . ^ d& j ^ jd 

CO (j_jJj£ll .luXI (Jjl (jl£ JU. ^gk 4iUall 4 *ja\ ^Ic-VI Jla-all jjjJajj LailJ t^-iYI 

,*djj 1/Y gx II duj jjl jjdii td]3 ^Ll 4jLdVL . j J '■ . d dl^'w'dl 

-d. j2 j (jl ^Ic. 4(JSI ( j j ^ ^ ^i) j_jjj£JI ejljj jlS LalS 

.3.8 J^dl (jj-o ji ^)jSI Jl jliikYI 
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Cjljj cl)- 0 ) ^-^ c ' ^ (jl£ IaI A_i! c41a ^ iu.i a_j*j 

Cjllc-lajj Cjlila& ^ iXlV'l Cg Jlj C4 Cjla£j-a A_llaC. (j|i 

Aliflil «.U4 Ajjj^aAall AjjiLua]l dilj£j-a]l lilli ^IajV oAjAc. AjjJSkj AjjL^uS 
(jjj JIaIIjj t4 Jlja. (j_j£j Ajjj-n.1I aJjSA] (Jl jia.VI Aa».jA (jl AaliAal . Ajjj^ll 

1 'ql'Wl ( _g\ lAjjiaJI aJj^II (jx sA.mi£I jl j!i£l (jjjjS .J 1 c5^ (JLa*Jjail 

J! jlkVIj 1±j& t I^ya Ajjia. AjjI i.aj8 tlliltlij 1 . lUi'n t(4 (jc.) AlljliJ A=njA 



I] AjJlaJI A-ajall (jll (jl ^LUJ Li& j)-a . (JLanJjoiU llaali^s A 1» Vil ^ i»_LujL1a 1I £jliillj^ 

j^C-Aluij ^jjJI AjjiaJI A-ul Oilftlioll (j-a _jj£i AA*J la4ija>l (jaSju l/Ygx™^ 

^Ij (jx aJj^II ^;n«n3 iil]j (jlft (JliLallj ."(jjiia." AijUa (j-a ^glei l£^ g"u>il 

AijUa Axafi (jlj 6.3 aIaIxaII i_ nnii i^l — C tO = y s ) CO 2 (j_$Jj£ll ■ V 1 ‘ ‘61 
(kj C- X J_^a — C — 111 J j*. jL£ 986 iillU AjjILuJIj Ajjj^jJalt "jjaua." 



236 Jaaa lUa'inu (6 — C (4 — y s ) JLa*jajl (jSlj .mol ^ X) 

Iaa AiUa (kJ C-mol" 1 X) X J^a -C_SU 

LS \c. AlxucXI Aic. a_j jiLuall jxull (jjq-sM jlSil CaMc-lij ^liiaJ A_£tii.VI 



•UJHL£ J- 1 



-s=la£ (j^J^)^]| ,\H^1 



^ V (Autotrophic) 4iO JU ^ 1 /Y gx max —II ^ j 
s.Lb (Jc-Uj ^jJaj JvIai (j-o ^35^.44 .RET Jl 4 -^.L^-j lj£ Lo lil V J 

t JjJ-all ^ )**>* ^ ^al , W'niAjj (j^j^)£JI Aiuj^l ^jlj U -0 ts^-laj! ^ Y&W 

(Jc-lia3l AG r ClblS 

^)JC. AilJa]l ^ jIuxj^ £j\ ^ ‘^ar \°i (AGj-^^ 0 ) 

j (jl lij Ajjg -nx>\ 1 CbUjl£]l ^Ic. .^Jj^ <Sj£ Jj CO2 ^ (Jljia.V t-ilS 

II 4 _iLoc. ^al^Vnulj (> _^ c 'l A^l-la ^ x> c_j£^a]I 

: cAjjJUaII AiUall ^^ic. (JtLaS .RET 

• Fe 2+ /Fe 3+ 

• NO2 /NO3 
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1/Y gx max Jiii j la RET Jl ^ jj jSSiyt J«-a Jl Au-ilU 
6.3 aEUAI J U£ (kJ C-mol" 1 X) X J>a -C-SL J^JJ 3500 jjiu, 
dAlc-lidl! j-a Ajaldal o-lpc. dll j Its Jl RET jl tilli jjll . (i_j) 

. Jc-I "(JjUol." Aijllo Jj I&jjAj jll AjjJaJI Ajijajll 

jl H?/H + (JlLa jjj£JJ s~~ i\ J»,a jli tAiiljll AjJlij]| Jl Ajuiillj 

jli tojJ-iAl (jjjj^lVI Jl Aj . M L i . l lj .RET Jl ^Ijaj V CO/CO 2 

US t(kJ C-mol -1 X) X J>a -C_SU J£ 1000 ~ 1/Y gx max -Jl CJ 
.((j_jjjll j^b-axi jA CO?) 1 — C J 0 — y s t “ n~s (l_j) 6.3 aEUJI Ailjj 

<Lu|jk]| AjJxjII J Luai&fe jjjjJVI JH tlijAa. 

Occurrence of reversed electron transport (RET) in 
autrophic growth 

Jaut-a jli!i£ Fe" /Fe ^l.lVuiilj jjli Ajil jA Ajj jjjol. dlUlS U.U] 
aIUSI oilA ^3 aIGJI oilA ^3 . jjjJLU Ij-li-aus HCO 3 (JU»Juilj t jjjiSjU 
Jl t“n-s toli.il (jjj-a jA US tAjjJoJI AliSil jjJJ ( Jlijll) (Jc.lij]l AjUS jS-aJ 
: Jj USj jjjSlJl Jju (JU*jJ (J!Col jj HCO 3 J jiJ 

HCOJ + 4.2Fe 2+ + 0.2NH+ + 5H+ -► 1 CHi. 8 Oo. 5 No. 2 
+ 4.2Fe 3+ + 2.5H 2 0 

.(J ja. JiS +454 = AG ]- 111 Ajj 3 L-lUta. JJ 1.3 (JjiJI ^l.i-s'nuljj 
jjji] RET Fe” /Fe jUJI (JU»iiml ejjjjdi ^dal J jpis aJc.j 

.(t_) 6.3 aEUJI aJUJI oJA Jc- jJalij t jjjSTJlj 

"(jj ja." AfiUa diUaljjjl JUxIuiL ^ jla jjS jluJI dilxSjj 3.3.3 
Stoichiometric predictions using the Gibbs energy correlations 

j 5.3 cJJUJI J jjJI 1/Y gx max J m g J JaljJjVI JlaauJ 

AaIxIj ^9 
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. (^ yCuA^I ^jlij 

. ^A±il AJjoiJj <C-_J joj 



4-^p • 



Y(J X (jj-aVl (jl ^JjI^)aJI j-d i^y± ^JJ AjjaiiHj CllJJ 

1 C- donor) ^jjjjSIVI ^y* J^-dL X l}j ^~ C 1 0.01 y**^ 

Cikc. ^41=11 J114I jjjjj .% 15 -10 Jl 3=0 3oo 4 iA 2 r° ( m ol X mol " 1 



.^jILojjSi jJjaAl 4_Lal£. 4_)l >«"s 



"(Jmja!' 4iUa oiUaLujI JLulLuL ja4I ujULmlS j jlajjSjluJI ojIjjjSj 

Stoichiometric predictions using the Gibbs energy correlations 

i^IjA ^Uaj AjjIaII ClAilillj iSji ~> a (jjlSi j-aj Vloa A=A4 

^ _ 3 _|_ 9 + 

AjjOo < 2.3 A 50 <=wj^ ujJ&kU j*»» <>5 Fe ( _ S JJ Fe“ ^1 aVihC 

j 1 1.5 = pH ' 1034 a. (JjiULojj i(li ^ A£.Lji 11 j 0.01 j-o < . n > u; j t(50°C) 

(^ LuS (jjoall^ j-ajlt (Jc-lij (jj . (jj^j jllj jJUou»£ NH 4 l=jj-aYI ^I.IVhhIj 

villjj (One C-mol X) X a^Jj Jj-a— C ^1 =jY sAja^a j a (j^-o 

: g Jl a c> 4-lSj ^aJ A] j)g Cj^LgIjl-q 5jtJjai (JLoaLluilj 

+ (JHCOJ + bNH+ + cH 2 0 + d0 2 + eFe 2+ + 1CH, 8 O 0 5 N 0 . 2 + /Fe 3+ 

+ gH + + 1/Y gx kj of Gibbs energy 

(Conservation Jaliail Cil.i j'<u 4 ioi a-ja^a j 3 ^ j . i 

tj eii5L«l*-a ^._ iU ,.i, a ^ (jSL<ull " 343 ^." “^Ll= constraints) 

l^ys jjoilaj l^Yg X (jli t4.3 aIaIjl.41 1 iC»"n>il IaI .g ^Jl a 3 -a *4jlg 3 41 A.»..u,4l 
(h 4 gL41j 0.01 = g (jlj (J^.Ajj RET (jl Lalc.^ oEa] (j= 3 a 3 & Lofi tiAjllaljJjVI 

:((K) (jaK 323 = T i jl 3=41 J J ') 
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kJ ) X <> J^-C-SU 7348 = 38.48/0.01 + 3500 = 1/Y gx 

(C-mof 1 X 

Aiilia Cjl-liiLa] ClbaJI ^\ juq 1 \ 

t 3.1 JjaAI c> 1 = AG f e Li 



0 - 1 + a 

0 = 0.5 + 2d + c + 3a 
0 = 4.2 + e + -4d 
0 = f + e 



Jalilajl 
(jj-s >u5Vl Jaliajl 
Jl jlaVI Clla. jA 
AjAsJI Jaliajl 



0 — 0.2+ b (jj^- jjiiill Jaliajl 

0 — g + 3f + 2 e + b + -a cJ k a 3I Jaliajl 

jj j|5"l > H (juj'S HJa jjljJj 

(- + (-67)d + (-78.87)e + (-237.18)c + (-79.37)b + (-586.85) a 
0 = 7384 + (-8.54)g + 4.6) f 



AGf L.ui.a. SaIe) tlbaJ Aa3 tH AamliIIj 4jL liA A li^.Ldl (j-a Aj V 
(pH - 1 . 5 ) 1.5 L^ J\ ( 2.3 JjAaJ J) (pH = 7 ) 7 L^ on 

kJ H + ) H + Jj- JS 1 Jj^i£ - 8.54 J\ - 38.87 6 - AG H+ j *±4 L Lj 

> # # 

AiLa (J-axiuil uj'jj AL a Ljajl .(mol 

J&. (Linear equations) Audi LLil caVaILII (ills Ja. a*j .(H_ II 

: Jldl£ Jdlil ^ jlajA jUI 

-lHCOj - 0.2NH| - 218.88 Fe 2+ - 53.670 2 - 219.68H+ 

+ IC 1 H 1 8 O 05 N 0.2 + 218.88Fe 3+ + 109. 84H 2 0 + 7384 kJ Gibbs energy 



Li ^ Ha-N 1 (j! iijA^ I i'Lj <dc. I iin^T\ ^gdl JA-O Jj£. jidl J!L. ^y > j 

3 1.3 J jAaJI qa AHf 0 LA JLuekuU (heat of growth) >ASI sjja. 

. (J_ja.jid> 12620 LSjb-aJ Sjl_jaJI (j-a Latijj 
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Ai&lilait jbvjl ljLua AibUJI 4.3.3 

Algebraic relations to calculate stoichiometry 

1 djI-liLo JXk ^ja Cli^yLoljL-c JS ^jl ^LAclIj 

j 1/Yix (jjiJ Ajja^. AB^lc- ^ISLSl (j-o Ajli l/Yg X SLj 

Aj]Ij]| AS^lxll tilli JllLaS . 4 JVjun a \1 CjLajJa^)ill ) ^I.^VumIj l/g X 

jY(j x is A A.UauSIj Ajjjj^II A.ji^l 

v _ (—AG cat) 

*dx — / 'y o 

/Ygx + **/*« (_AGcat) 

^ I^xa (j-c .1^.1 j cJj-° (Jc-liu "q*xz!' AiUa AGcaT Cj] ‘Au^. 

(J (_£ J)^C> UJJ^j C5“^ ax>a U -0 

j Yx u! ‘(kJ C-mol" 1 donor) ojJ&ty ' i>^j J >° _ C Jj 

(Jj-a (JSJ ^ 3-i. A J CjJaJll <lj£L]l (j-a (J£ (J! jii! (j'>JJ 

^ }-ix -a (j»a .ia.lj J j-al (JclfiJ (j_j£L (^jLoJI (JULall 4.1 ., a/tlL j .(mol ) 

:^L U£ 

Fe 2+ + ) 4 0 2 + H + -► Fe 3+ + \ H 2 0 

<jJa^-a 2 w AGf CaJ“l j*-a 1.3 Jj-laJI (j-a AGf®' ^J3 ^CVnulj 

J>^n„ .(kJ mol' 1 for H + ) H + _il J^jLS -8.54 .(pH - 1.5) 1.5 
Ail^VL .(kJ mol' 1 Fe 2+ ) Fe 2+ J>a JS1 J^^L£ -35.78 =AG CA t J* 
X J>« J£1 7384 = l/Yg X j . 1 — Yd j ‘4.2 = y x c) 

J>a jsi X J^-C 0.0047 = Y dx CaJ J\ . (kJ mol' 1 X) 

"e" ^jiajj^jiaa J^aU-a (jL (jjjii aj1c.j .(C-mol X mol 1 Fe - ) Fe"" 
CaAll .(mol Fe 2+ C-mol' 1 X) X J^-C Jf2 Fe 2+ 215 csjCu 
mol ) X J>a-C JS1 Fe 2+ 218.9 aj^JI <*511 q -a 1.1^. Ajj^s 

:^L La 7.3 kbUJI ^ .(Fe 2+ C-mol' 1 X 
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“o if?.” A-G' ^ (hyperbolic) -Ljia AA Yd x CA A A • 

Ydx C<u3 (jA- 2 lj' Z-J^i G ISlAj .(-AGcat) (“-A' (Jc-lij (j -a 4 -nVi^I I 
l-_a^la]l A La£ t(Ja] (CllSLa — AG(^aT Aj 2 £-o) _jAill ^Uaj A 



•A'^' 



(jiij'N Aida (Jjt 4 _iA i _ lD-)~Vl A^S' 1 SjA 3 "" ^J3 jA^I Ydx AuS U_?^ * 

A£.jjj (jj£-j La-iic. 1/Ygx S (JSl Cu3 lilSj ^^Juuj .CijJaJI AliSLSI ^ ;u.n"ll 



^ssla AAj tl jn>ii A j V Vi a oji^pJI “GwjJj p ^c. yill ^jaIII 

.RET SI !j* Ac. (jjjj^SVI Aj j ‘ . n *>S-iAI j (jjj^£JI 



^l-ikiuL 1/Y g x ‘M <-A (Hyperbolic) AA- 4 AA Y dx • 

• 3.3 “Ujlst-all (jsljlll LaJ AjLu^aSI (J^ilc. _jZ\^i ‘ _ n . .n 4.3 4S4j<»a]l 

Cy* Jj^ AS X Jj^^C Yd/yx AA Ydx — 1 c5 jASI LsJ -aaVI -Al • 
«■ A AS1 j (C-mol X per mol" 1 electron donor) QjjAiyi A 3 *- 0 
Lu-4! a ^jqSl 1 .> <jl ^ All ajjI^>AI (jjjli A 6 " 

.(kJ C-mol" *X) X <_A~C (AS Jj^jA 1/Ygx A 



A.uSVtSl jit- A jY jIjaSI A jAI Jj^aa-4 jjjSjj ^wxS 5.3.3 

?-A' 

Estimation of growth yields for non-conventional substrates 
and catabolic reactions 

Jlj* <> AAjA cM£ll ^ A 1/Y gx max SI cALCsJ j) 

J^ajj ^iiSI A 4 cIlwj A' C-iAj k4jl 

4 _a i (j^s jAs 4 SUa i- a niiii ciijSi a .44 jVi i _y^y\ cica*-^ s^pA* 

ejU cj£ jj^A' j ‘(Benzene) (Aromatics) CjiAl SA A jVl 

‘PAH J (Polycyclic aromatic hydrocarbons) A11=J s^^ia ajjSAI 
(Nitrilo A-SI A^ AjAA' SS4 (Chelators) AAA' AAAI j 

L yJy\ uljA A) » AA eiS-AA A V j tNTA J triacetic acid) 
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(J-ojoiJ 4-L-aL^. CjljLoi^s lilliA cdlil .4-JjVl 

J) ajjLu&I jp. cjLSjx (Mono and dioxygenases) 1 0* 

J i. i U | a'',,i^\l 0i^ -,|SV I jjl -4 i\401 | _yajl J ^ jAjj (5tlLa Clu3 j Jj) -daixu j CjIjSja 
.J aS3 a jl j 4 '^.\ j 4jjlla 0 2jl Jl jj V 4 , .^1 S 1' dll Juidl ad 

Ji£]j tAllaJI a^A Jl gjiall (J jx^i-all 4_aj2 jjAlil OV"'.,'’' (JjLoijj Jjja idliA j 
ada^Yta (Jjj)d\l 2 ^aa. dLa Jt_2l aljdiaul ^ ■ >.'Wi l li! j 4 1 ^>i,i^ 4jjj tdljA .a A»..a 

gijj .^kuaj l _yJ\ d USj-o Jl 4-jJiiil jjc. jI j^li (Oxidative conversion) 
i4_ui 4_dlill 4_iSjVl ^dj I dladu Jj 4jjd]la Lai .Jail a jl j dl ajLc- Jc-lilill 13 a 

<- . 4.'N \ J 0fdj 4alc. j i j}a'lll 4 J»l AsUaj j4*-adi ^.iddd l^jla 

J ii]]j Lid La£ t(i_j) J (^) 6.3 J 5.3 ALU-all jal-ddib liA jdil (_$ jlajjSjiui 
;4_iLajdl 4jl ^ . >» jj 0j2li]l ^uiULail j .3.3.3 a j'aall ^_a j J-lbl tJUdl 



0 jJ 2 l J ( jj-allxJl l_lwu (jjjLS) jaIII (j jlajaS jlui 

Growth stoichiometry on benzene 

blj j£jja jjJjIa J] 4-Jjg ->41 dlijl£ aLluiI jj (CgHg) 0J jjl J jdil 

‘- r ixaa. (C 6 H 5 0 4 ") (Hydroxymuconic semi aldehyde) dj 

: JUI Jcliall 

C 6 H 6 + 20 2 +C 6 H s O; + H+ 

0±ijai£VI 0 a ildlYI (j-a AadL (jaJJa. AliUa Jc-lsull liA 0^44 V j 

(Jtlaill (ja 0jUll Ju- J dajl ^S^a j£] j .(Oxygenation) 

. jAill 0JJjU-i.all AaUallj 0jJj£l] ha’s It j'u.a.all jA 4.1)LgJ.2VI 4 id LLjJijja 

4jnv, . aS , 0 a (J ja iJS3 2516 = AG^at (yh4j 

0) 4 3.666— 22/6— yj 6=c dn^s i(l) 6.3 Abl*-aJI (j jjWi 0 jjj 
0^j .(kJ C-mok 1 X) X J^-C JS1 J^jLS 233 = 1/Y gx max 
^gja^jj^jlA 0 a Jj-a (_]£] 0 jjj 5JI22— y d j 4.2— y x e~n% c 7 . 3 4J^l*-dl (jjAaj 
0J04J Jj-a — C X Jj-a — C 3.75 = Y dx 4-aA 0j 4 jjjoi i2Ljj£j4A 
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ku > ULSI “Liualt (> ajjjs CaAll oLa j .(C-mol 1 X mol" 1 benzene) 
C-mol ) oj jL Jj- X Jj--C 3.42 JjLu ^1) g" 1 X" 1 g 1.20 

24.6 j CjjjaJI klifUl sjLc %90 JL-*j-Jj t(X mol" 1 benzene 

.(C-mol 1 X CijjJac. Cjjja. 4li£ ^Ijc. 



(jjjliLnill ,ji JAill j jlajaSjluj 

Growth stoichiometry on phenanthrene 



Jl (Oxygenases) jl n-snX^I Cjlaj jj) CkJ jj Jjj!LLjA]I J ja JJ 

CblxjJI ijia cIujijjSij CjjSjjjIj 



— 1 phenanthrene (Ci 4 H 10 ) — 60 2 + 4 pyruvate (C 3 H 3 0 3 ) 
+ 1 formate (CHOJ) 



A j&Sl Jj^aa-a Lai 4<jjljaJI ^HiV JaS9 (_£jjJ ^llg'nn-ll Jj )y »»t5VI (j! 

4-jjj-JI CjSJI Jj^aa-a t—jLuia ( aJJ j . ClljLajj3j djjli jjjj j— (jj^a jj3 CjjJaJI 

(kJ Culi j jjL Jj-a J £1 JjajL£ 1048.74 = AG^at u~° e_ u'j jjj'JI j— 
6.3 ^I^LjL 4 J ja jLL 373 = 1 /Y gx max j mol" 1 pyruvate) 

10 = Yd j 4.2 =yx u] 4 ua 7.3 <hl*- 4 !j 43.333 =y s j 3 = c Aua (I) 
1.29 (j jLau ^a j .(Electrons mol" 1 pyruvate) ejjlijjjj Jj* J£1 jjj^l 
CaA . (C-mol X mol" 1 pyruvate) iiiAijjiJI y J r JL X J j--C 
251.85 = AG^-p) c** ^ic. o aaIx-aII a \“ tfLSl (J 

J £1 Jjaji£ 651 = 1 /Y gx max j (kJ mol' 1 formate) Cjjlajja Jj* JS 1 
Jj- JS 1 X Jj--C 0.213 ^jLAu, (2 = y d t (kJ C-mol" 1 X) X Jj--C 
j -21 ^ CjjjaJI <L£ll J jaaa ^yu^us .(C-mol X mol" 1 formate) Ciaajja 
Jj- JS 1 X Jj--C 5.37 - 0.213 x 1 + 1.29 x 4 ^jl-u oJtiuM J* 
6.5 ^a CJU CaAll Lajjj (C-mol X mol" 1 phenanthrene) yyjLLuiii j-a 
^luLI j 4 % 1 8 j_JI ja ja Ua Jjill j .(C-mol X mol" 1 phenanthrene) 
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jl Cln3 j jjLJI AsUa L_fl ^aJJ V <jj jljliii!l 5JL^. ^ AjI Jj ^jxj <illl 

jjAA^j ^^3 \ qftJa ^ inrtj j-oVI j)A'l ^.Lixl! 

• c ‘* \) a j jill j Cln3 j jjUI 1 I (j-o cJ^ jji^JI aJj£JI 



A-Jjl jl^-o CS^ A_i^ljjj C3^f^ u^ AjI aILoVI dIa ^jJajJ 

o j>J^,^ diLa^Ix-al! _j3jjj u' aJoj^joi 

.Ai jj*-a j aIux* j <j^J CjI^^c (Oxygenation) l j^A y ^\ 



(Bio-geochemical) ajj^I (jLtlJ Jjukill JU-* ^ 

Jaxxj ^3 ^-ajll ^^3 Ajc.^)1I (Jj-c ((AjjIjljC’I jjc.) (_£ j>x*a,qll A_ilnll ^aj]| ^3j 

CjVUJI ^ ^Xcl jjSjj ^1 .Lwij ^ jl t(Alkalophilic) cs^la 

dIa ^3 . A3 j)a l.a C-Jjj^Ja j jpbuQ Jxulj Ac- ^±Lo ^-o^A ^jjajl dj^lC'lflj ^aJJ 

# f ji 

. l.1;q)M jliSil tiJslilJj>sjj]l (JLa*l)oilj ^.Jl "(jaja." AsUa 4_lLaC. ^1i/l JlaJI 



dxallU i j^a jj]| i Xui Jc- J j^^oxaI) Jjj * S "■ JLoxluil aL«i Cjlaiic. 6-3-3 

Limitation of the yield prediction using the thermodynamic 
approach 

Clui. tY sx <aj 3 (jjaVi (j-a UL'.m l j]l (jjall 1 n l^-a ^al 
4_lljVl jl_^all l_y^ CllLiLaC. 4jj)j-vll g.1 (J j - -oljj ^Jll 

Jl 

CjUjUJ <j^ 11 a ^ j .<allk-<JI Ajjg >^11 CjUj 1£1I ^1 ^j| jxoj ^^1 t AjJulaill 

(jjaxJ . j)Lia.V I ^h*<a ^3 Jjx-alijl! cilL (jxi J&L loj^k i V A*j1a]| (j^)UI 

La£ t Wq3 Aj-iilSj]! aJjVI jl^^-oll Jl AjjouIIj Ajj,U^^ c 1 iLq^ 1 *-a]I j J t u^lij]l tilL 
A-ul.LojSkll (jlj (jl Lil aj V (jSl j .5.3.3 ^ i^lll li^jj^jl 

^)x>Vi Y sx (jj \_j§ aJ !)HLa3 ,A-\ ;V'\Lj j JJJ-a (Jxlfr 

(Saccharomyces Ly J^jJ<uJ\ JL^ J ylliVI 

(C-mol X Jjx, JS3 X J>a-C 0.15 Jl ja> cerevisiae) 

jj ja-sM I cjJ 3 ^l. i-s~i » n lj Y sx — 1 ■‘Uusll Jc. Jj-aajj C-mol ^ glucose) 
(Zymomonas mobilis) ^ ^ j^ul j ajj^kll Jl j . oYL&l ^LaaJl j 
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J] Y sx J (jjal! 3 j*jj c 0 . 07 -Y sx Jji 



j£joi]I tJjW'i jLuixij JjJJII 



J (JjjtjjJ Jl-aV'l } fjk. 3 

Cjl jLoUl J l_SL>tik.l 



.( jliill Jj-aall J=cl — Entner-Doudoroff route Jm JUL* Glycolysis 

LuLui^. ai^ll Y sx — II jjj jjA i— 3ji.j 3jc. <jl (JliLall |3& jyjj 

o3j32. CIiJLuia 3 j ( Jc. Ijjaij-a j Jj 33 lilE jli tLlLaC- CnJ ^jll 4-cuallj 
. a-ljl jl ^.Jl (j3ajl CjLllaC. J Ajjjadl JLiaJI Cl2>lc.liai] Aj^Liic-l JJC- 



CkaUjJ^jall jJ aia qa jaIII 4 a£ja. 4.3 

Growth Kinetics From a thermodynamic point of view 

i> -K s J M-max '-» A ‘ijJ j' 



(J jJ 3 l _JI) jj J^IVI JLuua (Jji .3 ^ U>i^> I jjimII Aljls K s 4 -aJ 3 (jl ( _ g ^j 3 j]l 



J ^(Passive diffusion) jUiijV' ; U=lJjj (jj^dl J 1 A 1 I JaIj Jl 
Jajlill <kJ jj J (Facilitated transport) JJ 22 I Jaill 4 JLJ jj 
J l <iudl U likaljjj Jill flc. Jalijjl j jLaj V (illil .(Active transport) 

JLi-0 J 1 g~tx\J~q jjijj clili. p max Jl <Quill lj Liajl j^Aa JJC. jAj .K s 



.^jJI i_SjJ=ij 4jj g > - al l eLJi/1 £-J I Ji i A (ll ') ‘fc-Ldlj 1 Jl 0.001 j)AJ 
<c-jjailt 4 -oj 3 (jj£j 4 jIj (jl UuAla j ^ ^3 (j£]j 



<C.jjoi <Loj 3 (j^iLoiS cAjJai^-Lo CjIjLyC. (j-^) "(j.jj.V'Tk" AiilJa jx^q'l 

t^jjUall J.w ^ (j^ j* Q^\l |j& ^Ijl^JjojIjj . Ljajl AjJoi^Lc (_^ jA-saJal! 4 JC. jlli j-oill 
kJ C-) C[G maX A^^uiU <Jtill 4 J.Ajl-<JI (jlilull (j^-04 

.(<&L 2 I J ajj^JI ^l&ll j* J ja C J £1 J^JA mol " 1 biomass h 

-69 000 /I 



q““ = 3[(-AG CA T)/ydlexp [ 69 r QQQ 

: Jj G Jc. C'nn 33 o!)lc.l Al3U«-a]l J A null AaTAjtJI jl 



8.3 



X lJ° C ujJ^V' O ' 0 3 i^j ujJ-^t <c-jjoj - 

tK 298 J (mol electrons C-mol " 1 X h) <&L 2 li 

• 8.3 3 
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(Arrhenius qAauaJ 4Ai& l..ua=>, 4& j-JI o A ^ 4a. jj j2ih - 

J\ (J mol" 1 ) J>a Jil Jj^. 69000 bn an <aUa ^ relation) 

4j_jA -S j2 10 CjLa.J.} Clutijjl L&15 1 <&1 »Xn 4 c.jjoJI (jl 

(j£Ll J 3-0 J^l 8.314 4 “i (jj^j jlill eiuliill ja Rj 

•(J mol 1 K) (jalS Sjl 4a. jj 

(_£ jLaij (CJq ) ^.^11 ClllLaC- (j-a L)"'y 4isLl3 ^IjjV i_$ jj-aall 4c. jjjall (jj — 
Aalia ^ c _ s Iih _5 t-AGcAl/yd — i 4-ljjjJaa (jjjpSJVI <Jii 4 c.jjjj 
(J ft“n>ia j (Jclaj ^^3 CAjjjpSlVI (j-a .lalj Jj -0 (Jsj U -0 0J^>aAl! 

.(Electron donor/acceptor reaction) jjj&WI 



JaJj J7A. (jx 4EUoall L_Uiia.) (h ^) 4c.Luillj g max 4aj3 ^Ic- — ^ ^ ' 

5.3 4Eljt-all £-a t Ana.^.ll "^J ''■?*" 4iUa ^lliV (_g 4c.^aallj AalxAll 8.3 4 EIjca]I 

> 

^Ajj 4c.^aall C_3 j^jla ^ ^ ^ ^ 45Lia (_jC- ^)axj ( ^ 5 Iill 

Sjl^>a]l £taj-aa jl JA-a L_aUtjJal 4.5 Ig.'i-a;^ (jhjj t4j ln^»l l £_a |J. max /Y„ x j-ta_a 

La5 iajjil daj 4LU4I .(temperature correction) 



[3(— AGcatJ/W -4.5] 

Pmu = 7 exp 



'/ 



'-69 000 


(1. 


jlyi 


R 


It 


298 ) 



9.3 



gx 



l$i« tAaliAa 4jjg -s.a Cllljjl£ Jlic. p max 4 .aid 



9 . 3 4Bl*-all ^ b»"' 



ijUiiAll jlil 4 =a 4I methanogens —1' j iCs! jlUII 4=ciAll nitrifiers— 1' 



.(Hetero trophic aerobes) 4 jjAwJI j| _jJl ^Ajj 4jj1 j 
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Introduction A# Adi 1.4 

Clil q i ili' i j dYd-a ^-3 “Uddi Altai ^_3 JiL.li dj^jalLi c - ic.H^till (j! 

4 jljWlll SljVI (jjS AaldVId .Aic-ldo jl Aiajjdl dul£ £■ 1 y-uj 4 

" « e Jl 

^ iAjJljJI JaxJjolj 

jjjjaj tldlii ‘aLoI£ Lit/li. jl tjjiyYI 0-lljj J idlllJjjJl£ (l/L-al j3jaa 

•ll_ja ^tijj tulu i Aliiijjjll A »>i,Vlg II J>ld jjcjial! dlL-taj dl jjAa (jj»>i Vlj 
J&lijll dl jdia A ni.Vus) Aslida dt/lx-Lii j dl JLanUmlj j illL^al 'ijjjia 

d.jj V siiJa. i jrlijjj jjjki tbul jj ^Pathways engineering) 
(Directed or hybrid oa^-dl J As.jdl <_$ jpA I i-uSjil I) 5 jiaddl 

•biosynthesis 



143 



l > j Ail^)*-G Jx^aall IjiA £_£^)UL 

Ajj! jjll C1 jLo^I*-a 5! ^j)Vn Ajqj^ (J^^j 4 Aj-ajL^a^. j 



^cjaiil Lji&J l.g ^q.w'u.u'i A^j'A^j^SI c(Operon) 

.(^lill Ljaj jJsut) L fr.lg ) d^jouJI djLc^la-All A_a^,^)Jj 



LjjuVill (jh sJjajaSI AjjIjjII A jaII AjjLjeVI CjLailLaJI JLa-a : 1.4 JjiaJI 


(') bp !L ^llbl JLj-a 


SjUA 


30000 - 800 


(transposon) (jjjjiuailjj 


150000 -1000 


(plasmid) a^JX) 


300000 -3000 


(prophage) J jj o»jjA 


9450000 -600000 


( ) Lj^y til ^JLlx-sa 



.(Base pairs) a \ \ \ (^) 



AjzjJs Jlj Jjjlaj LjjjjLJI (cjLiuua) Cj L ij^jajjZ 2.4 
Bacterial chromosomes and natural gene transfer 

Bacterial chromosomes Ljjj< 4}| ejL>j^>4jj£ 1.2.4 

oAa (jc. ^ ■ s~t j t4jjl CllLa CjLa_jja)_jxj^)£]l 

j] .CjIjjII i jaII ^LaVI JiLlI ^ j (Gene expression) ejlmaJl 
J tksSb <i_u^> Cil j liji. (Chromosome) y= jj£ 

LALaJI ^3 CjCS jJI 3L 4„i.nnul (jJjVI S^ali 3a*lliail ^11-n.n.a j&j t4 i» u.n jl_j<a 

(Light jj-all jg^-db l^xai -jd (Eukaryolic cells) LhibJI si jdl cAL 
s jkA J^Vi ^1 ajjL»]I djL£l jJi JaAj] Cuuj jj ^ .microscope) 

<j|i (Genome) ? ^ U-> , ^ Gl . a ^11 ciAjuISJI J£ 4_AI j ^11 cjLa_jLtAil 
,^_iJ| ^jjlSJI ^jc. 4 jjI^)_j]I CllLa jla^dl (J£ j^jc. \*\W A. lui ^ jg L5 i_l<a»A».>iJ 

IgJjc. (jL«j ^gAll AjjLall <li^!l ls lc. (Nucleoid) .ijjd&jjj j 

^Ic. Laiajl (_£ -3 j i ^ jjjj J-O j j^ll '^Ac. (_g j’lVl J b jjS£u]I 4 jN (j-a 1 g . V'l . >il j 
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Jxl jE. i sLoiiSJ -1S3 4 LjxAiil ^3 ^jxujxjj^SI ^_SI kiLxiA/lj . jg] |jj j RNA 

(Replicating genetic material) ksElx^xlIj <S2i ^ji.1 4_iiljj 

i(prophage) <=^iix jjjj 44J J CjLx jjJj i(Plasmids) -nxjNj J ^ j 
4j1c Jlkj ^21! (Transposable genetic material) 4 jjI jj Jxl _$& j 

4 jxll cjluilLol VL?-<> 1.4 (Jjjj .(Transposons) jjjjf-xjljj ^1 

. Ljjjj^jll ^3 o-lsJjlixSI A £. jlixSI 4_liljjSI 



jx ^jjjx iaJjxu jl 4jjUj s j j->a J£ax l ^3 4_iil jjll 4 jxll 4i.lj 

Ajjjll jc-I jaJI j j .(dsDNA = double-stranded DNA) DNA— SI 
Ij& 4ixnldl kSLJI jjj*j 1S ^Vi V 42il jjll 4 jxll ^ (Nucleotide base) 
4xu4iSI 4Sj.iaJl jjj-aj Vji :aj 1USI L_sl.i&Vl ^ jiill c (Methyl) Jnxl! kaLial 
4k.Ljaxll 4A*c. 3 jj sijiaJI c4Sj jx (Conserved strand) kt jiJaSI 
4 U-v 41 Igilxjjjl JaUSoj jx 4 A ii DNA 4jL»2k LulSi .(Replication) 
J^ljx cLua jj 4j^ojj lilSljj t (Nucleases) Jjljl£jjj ls^ csjjjSI 
1^=4 CjLj. jjjsSI jx aja*4I ij ji^j .(Timing certain cell cycle events) <AiA\ 

LxS 4jjl jjll Cjlx jkxSS j.lxjax£i (ds DNA) DNA SI (j x 4-uljj ojJSbJa | ^Jc. 

c5 i^s txjjj i(T-phages, lambda phage) ( =^sL-X j f^jSx-T kt jx^x 
Single- stranded tj\ ssDNA) DNA— SI jx s^.1 j ^ ji. I CjLx jjji 

(jx saj>.Ij AScl=». ^Jc. jjI^j l^xjaajj cM13 j 0X174 (jjjjjiSI Jix (DNA 
^3 lx£ (dsRNA) RNA jx jjjS-i?. J MS2 jx jjjs Jix (ssRNA) RNA 
lsNii.1 cxixjjlixSI ^Ijjl (jjj j»jxijxjj£SI j '^S'i-S-j .(Rotovirus) jujjjajjjj 

3.1x11 i_aNli.l .likjj Lx£ 4(2.4 Jj3aJI jJajl) l_aLxiJai ojxuC. ^21 JxjaJ Ijjj 

AjiCiSI Akj j SI -v J, i aij .(Topology) ^ > jljjjlail ■’’S' j ciiLjjSxSIj 
(Obligate JslSojSI ^Jc. 'ijj^xll I jjjj^jlli .AjAixx kiijla J ^*41 jjl^SI ^ _ ' ;S j"i ^ 
(Mycoplasma ^ A'AA- lx JN jjSjIx Jix bacterial parasites) 

IjjjjSj c 5 j 4^2 S-ajjj t (580 kbp) Lnxii jjixx a jajjji>. genetalium) 

^ jjjx. Ac. (Strep to myces coelicolor) jjS Jk« f^*x 
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LjjjSj ^Ijjl (j-o (jjAo 8.6 (8.6 Mbp) (j-a 

.(9.45 Mbp) jjjS Jis. #jle. (Myxococcus xanthus) o^'j 
LjjjSj 250 t> J&i (Genome sequence) JA£1I ^-L^JI J-lbll ^ 

.si jjJI bki^ A cjUjISj (Archaea) L£ J j c(Eubacteria) 



LjjjSJj 


ejLui jjAll 


Ale. CjLs jjaijjij jSJ 


cjULfl 


4J jlla :2.4 JjiaJI 




(Topology) < _ r Luajll J£2iSI j c_u£ji!l ^xxlL j^Ijuj Lu ejLjlaillj 


(jStiaJI 

lSJ>4l 


(jSlaiJI 


r** 


J4d! 






LSjab 


ssRNA 


3.6 Knt 


1 


L Sj4b 


MS2 


A- 


ssDNA 


5.4 Knt 


1 


(A^b 

l5j4A 


0X174 


A- 


dsDNA 


48. 5kbp 


1 


f^b 

l5j4A 


Lambda 




dsDNA 


174 kbp 


1 


jAab 
L Sj4b 


t 4 




dsDNA 


580 Kbp 


1 


4 \Q MS-s. 


Mycoplasma 

genetalium 


A- 


dsDNA 


910 Kbp 


1 


4 >a <Q-v 


Borrelia burgdorferi 




dsDNA 


1.7 Mbp 


1 


4 >Q A-s. 


C ompylob act er jejuni 


2x^5 jib 


dsDNA 


3.2 

Mbp+0.9 

Mbp 


2 


bjbb. 

4 A-v 


Rhodobacrter 

sphaeroides 


LSjab 


dsDNA 


4.2 Mbp 


1 


bjA. 

4 \Q MS-N. 


Bacillus subtilis 


LSj^b 


dsDNA 


4.6 Mbp 


1 


bjbb. 

4 <Q A-s. 


Escherichia coli 


A- 


dsDNA 


8.6 Mbp 


1 


bj4b 

4 >Q ^Q-s. 


Streptomyces 

coelicolor 
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(i) ND 


dsDNA 


9.45 Mbp 


1 


9j44 


Myxococcus xanthus 










A '0 'fl-\ 




LSjjb 


dsDNA 


1.6 Mbp 


1 


bsj 


Methannococcus 

jannasehii 


lSJ^ 


dsDNA 


2.8 Mbp 


1 


LSj 


Archaeoglobus 

fulgidus 






J\ 3.5 




lA £y&£ 




A- 


dsDNA 


Mbp 5.7 

is-lLaa.) 


3 


A el 


Schizosaccharomyces 
pom be 






18.8 Mbp 




eukaryote 








A! 0.2 




ls'a 

A t'q el jj 




A- 


dsDNA 


2.2 Mbp 
l4W! 


15 


Sacchavromycos 

cererisiae 






12.43 

Mbp 




eukaryote 



: bp .a Kwll DNA :SSDNA . a Kwll ^jUj DNA idsDNA ^c- iND !|l| 

1000* k . AijjjK jjj : nt .qjAa :M .AjjIjj ^c. I j®i 

Escherichia, coli (jjljsll 9ji&j j±uu 

f' jA J~Np 5 4jjj .4 jajo-s. LjjAj ^Ijjl O-lG- ^jxaj-ajjSb 

(pm) 1100 aJjL ^Lyj 4^1 jc. 5xl0~ 15 (Femtograms) 

4400 — 5 AjjIjj J o-nj j (4.6 Mbp) 4_4 Lbljjll .ic. I jail 



La (Single set of gene) ciAiiaJI qa Ij-=J j LaaLL J-o^j j • uAj^w 



.(Ribosomal jll RNA— 11 ^tLl jc- cAj^ail lot 

o-Xlallall CAWnilt j )(jjj jjjII ajSOis DNA (j-a %90 (jl La£RNA) 
j*wLll ^ Ijjj jl La] ^ LAUI % 10-11 Lat c (Polypeptide) 
<Jka .(Structural function) -Laa AKpb Likjj 3 J ‘^4=4' 

(_)sn* 31 1 g . .n * J 4 t <iNi.a LLyL^a i SjLIsj (j C- Ll^ y.-A l Cllliiidl (jLia.VI 

jiijjJI C LL] y L aj3 . ^aj^)£JI ^glc» ^•'j U^- 4^ 

Llladt (JjjJaSJ (j-a ^ejlb 4DNA — II U-® (Strand) L3.ia. 4jl ^"ig ■> ^^ic. 

<—a]ljjj .(Replication) i—ac-Ljaill LAac. <ua ^jj ^ A oAjVI ^jAb Lg naII 

(_ 5 ^J (^1 jVI .LijA JS>a.1 (jjAaiLlaj (jl"l.alVl.a jjj'nlaC^ £y a ^ n>ll 

(RNA jl^>AI_jj RNA jl RNA o^>Aj ^yl a kJ jj DNA — 51 a ;5^c . 
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4k* (> (mRNA) RNA ^jiVl IA ^44 j polymerase) 

il b^slxjijCi ^jc. RNA 51 dAjj^^. .DNA 51 (j-a 

L Qx-Vi Jialil fj£U! L Aa-V) (Hcllf life) ^>ax_!I *- ,Qj ^n\ 

J RNA 51 ^cjuij Ajl^c. *l£l 1,1 a .^RNA 51 4_lg£ 

Ajj^j ^jJaLa^.1 S^uS <jjjj^)J dAj£^a ^jc« bj^JC- CIjLq^jjj jjjljll) 

tmRNA— 51 ^ S-n*-* ^31 jaj jL-aatyL (Nucleoprotein complexes 
fJ lj ^ ^(Ribosome binding sites) ^jjjIjII kkj 

(_yaLa^.yi (j>s 4-L1 ii ojS.AII dlLo_jLt»a]l ^_jaj_jjjl ^}]l 

IACJI j£ajj ^ j .Linear polypeptide 3-4aa. sja* 1 o cjl-iiiu ‘CmAd 

£t_uij CjI^j (JSLij |>)-> u DNA SI (jli t^n-sll jm'ill ^thn ^ya Ljj'R ill 

Jk. s^i j J£ ‘(Operons) cAjjjjJ J (Transcriptional units) 
Jalaj ^ (j ji*j> LS ‘(Control sequences) A-ali. CjXJucj 

. 1 .4 La£ ‘Laa.jjSI j ^tuiiSI eLLc. i—iajjj LIaJ 



RNA polymerase |{\ \J' i >»L ^j| 



Promoter 

DNA 



'A ^ 



Repressor u^.. 
binding site f*>* 

(operator ) (J*** 1 ®) 



^r..ill 4j'tC- -ii 

Transcription 

terminator 



•b^j' t*>* Activator 

binding site 



Gene A ~[ z= | GeneB [ z: Gene C "fr 1 1 

1 kjj* * A»* C -j>- 

1 TRANSCRIPTION 



TRANSLATION 



Polypeptide A Polypeptide B 
* Start codon Jadl llai >i * AArf* V 

x Stop codon '» jA 

■ Ribosome binding site ? y*. yj\ J\ LL : ji d >* 



Polypeptide C 



JL-tful j-ualjA £)j • b ^ (operon) (JJJJjVl CjlJjLd ^Al ^jxu ^ m\a J£joi :1.4 
jo^ll Clot eldjjl (frequency) JJjj lajlollj la^.m-ll 

j iJajjJlj fliuVI S ji4 ^ <> jaftjlLj .(transcription initiation) 

!jj luul l jlc- VI V lliljiuill dlSj £)l VI ‘DNA II (.jy*. ^jajtjjjjll (jl i talll 

. Jja* yi RNA—il 
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(Bidirectional E. coli —II UjJj ^ ^ j J l Atll >. >i“< ^ 

oriC J (Origin of replication) i-kcL-biSI c.± ^Sj* ^ lULjl mode) 
III ^ijj DNA OJjiIj ajjjl (JLaaJjoilj dljj terC- AJ-laJI i—ijla Ajl^j Skj 
37°C Sjlj^. a^.jj ^c. i_ac.Lc=iill dc-jjai (jj .(2.4 JSluiII Jail) (_gj.uU.ul JUij 
^jjjijji jjfUl Jol£ Al&LCaja A jUc^ J (jl .AjjUill (_g£ O-iC-li 800 (Jl JJ*. 

(Binary ^jI=l 4 ^LULU ^ E. coli— II UjI&j J Ujj .aJLLs 40 ^jilou 

* £ 

viilU a<yL 4<dlc ajjIcc. U<ua CjI j jl j* J jj cj& <Lib jjjJic. J fission) 

(jl o.ia.1 jll Aj\-s\| J ^jjoi j^jjSdl Aj ^ti < ~-n.-h.II (_jjaajj _5 (jj^jUulLa jj'nl-s 



.4 Jjuolt jlajl) Jl Clnil jj i_ac.ljJaj]l (Jl (jAjy La oAA*Jla t_lx2i J (— ac.1 >^'ij 




S±u .(bidirectional) E. coli — Jl LjjjjSj fjnjjajjS ^Lia :2.4 J“l' 

jjlUI u) 3 LilaJI J (i) .terC i_«3jj1I Alaii cl c- w y j oriC jpUiiVI AJaii cic. Aic.li^ia'1 
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ja.1 j (replication fork) 4ic.LAal! 4_aJi dU* (ajjSj 60 ‘UfrUfixll cHj) * Lj iaA!l 

JjjxuSI 3-a-lil dll Lilall /_gi (l-i) .DNA II £x<ajx ‘ j» jxu jx j j£SI gx JS 

fl$lil JjS AjSUSI (replication round) MicLSaxll » jjj Sad (4iAi 20 Mi&LaxSI daj) 
replication ) 4ieUaxlS Cad <> jiid jj£S) ^ a^. J£ ^la <iSSiS i(J l Ji) 

.DNA— SI jdajx (> jjSI ‘(fork 



Mechanisms of gene transfer clLaJI Jij dlWASux 2.2.4 



^1 a 1 J jj"'S .'SI I." 'Uj-A ^Ijj jail Coi-liA SjjiB <j] 

UNidl (^ill Fred Griffith "ciyijjc. jja" ^Ull ujUj <_£U. ullij H928 

lu j>x ^jj gjxS^Sjlij^Jxo Ljj£ij djl^jxxjjxxl (c-LxIx j) 4,'u'A) eiila^ail ^a 

sjja.jJI ^ frluidl ajx*dxxll ejlj IijjSSJ j .(Streptococcus pneumoniae) 

= > 

(Phenotypes) ajjaU^I ^ j . jljSiil ^ l 44 j jA\ 

S.via x> Aj^)£joi j-g (j-o i-lais g-LoiLo!! Lj^)n^ \W aJj>).h ^ J 

(jjluu (jl g. LAJI ill ^■■JaLanfl At^LL<JI ^ (j-a Lj^)j 

(j-a (jl Lkiajl "k^nqj^C." Ja^,V . A_1 c t iu>n j (j' (J^lj 

5= f 

launA l ** tViQ A_AC>lj Ujjj£j ^ (Non encapsulated kS y^A j 3 ±) '<Aa1\ 2 jd£J 

<iixx (_$ jA*j ‘ _ ;j e-LxIx LijiiSj JI Li^iSSJI J j-vs JI jj S jl^aJL 

kjJaxJSI al ^xSI (1944 dj Lxlc. yAc- -UtjJj cdSl a*x - jljj^ S' ^a 

i^yi All j ‘DNA SI I u -0 I A ^a - i y& ^jc. a! 3 

1953 4A* ^ j»l jc.1 tSlli .McCarty j Maeleod j Avery Jja 

(Watson & "iiLj£" j "(jj^f»l J' JA ^ AiiiUj DNA SI a^Aji t_al4u£l 

i_ 5 ji.1 ^gJI aIa (. ji. j DNA — 51 Jliiil l^j ^ill 4 j£ul£idl (jl .Crick) 

Ljjj£j J] (Transformation)jjjiCill J Jjjp^L JIJj V 

5 _! j^eiaSU DNA SI dials ^^1 LjAdSI ^j-adS ."Auajjc." i_jjldS ^gk Cs j^s jjj 

gi DNA— SI Jlaisl JNd (> J: I j^l CAc. .(Transformant) 

‘Azotobaeter j£ij UjiiSdl jx Sd^c. (Bacterial genera) <jiiJ 
‘Mycobacterium ‘Haemophilus ‘Clostridium ‘Compylobaeter ‘Bacillus 
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^Ca jAgAH J] AiUiaj .Streptomycesj Streptococcus ‘Neisseria 
jj* j£lj (jo jaul oja iS (Strains) cA/LLa 

JiA. l^jJaoj*j jl 4 ajIaaj£ L jaa 1 g~A 11 » ^ ^jLiJI Ja DNA J/i"ua i L.l*.~^. 3 

• (5.4.4 o jaall jJijl) ^Ljj^S 



DNA JUluV jn4' .A jjiJI ( _ S I& ‘-jjjtill ‘"Cluajjc." c \\ .LAI A*j 
‘(T ransduction) ^mill aJ=lJ jj Jjj^lII J Jail' :LaA j LjiAdl CjVXj jaj 
ajLsJI <> DNA Jaj j$i CkJ jj Jaill Lai .(Conjugation) jljiaVI j 

jiAj ja^jlo ajoiL a_ aj*J (_£ jjAj (JA JJA3 a^C-Lubaj A ban n .a II A lAll ^J| AaAl jll 

"^•jjjj^i]"j "jajj" (> jali ^3 j (Bacteriophage) 

ajjUj JLU j-a <jLa*JI oLa Ciajaj 1952 fit (Ledcrbergj Zinder) 
oLjI Ail I jia. j Aa .P22 (^iLa JLuCIaIjj (Salmonella) LLu ^aL. Ljjj^j 

jagiLall ClAisja. jli ‘ 4_2ajt-21 Aj A 11 ^2 ^uijjjall DNA 11 Aac.1 aA.jai 

Lij nSji l DNA (j-o «. A?, <■ ^jaj (Virions) " ujjjas 11 ,ji]l oj j» > A 1 

(Transducing LdLa Uj . A ja jjaall ALSL . ( a^iLall DNA jc- Labjc. 
DNA (jSAa ciuaj (jiatjai'yi (Jlc. ojialL Jaiiajj ‘(Jail! aJojaIj ^i particles) 
VLL21 a j A ^3 ((jAjjjall DNA (j-o V aj) a jL>» .all a i A 11 j»ajj£ ^j-a 

jU->; j in.ii ^ill DNA 11 aJLslLoiaII ajAII j] . (Host cell) a A qna.aH 

.(Transductant) ViiLi I l^jlc. 



la£ (Conjugation) j IjiaVI CjLu=JI Jail aLULII a AnKull Lai 

Lederberg) 'JjjL" j "£- jjjjaj]" JjS <> 1946 a-l^ l^iLLAI ^ ^ill ‘Lj£j 
alj-a j_Jc. jljisVI ~~.il y.j .^j^.1 j a j A jjj IjiiAa LlLasul ^ .XW' j ‘ (Tatum j 
iiAjNj l _ S Auij (Extrachromosomal) , 03 ^ 3 ^ 3 j £]1 jc. Ca. jLk VjIjj 
Jli-a c 5 jjA j£Li dsDNA aALU aJa^ ja i^ajLbll j .(Plasmids) 
(jc. JaiuiA J£iuj 1 ac. Ljail! ojiall iAajjLLillj ‘Covalent AaaaLuu JsuIjjj 



3 A Aja jLLill .LLp.1 1 Af 1 ) ; ^LoCilL 1 A-ijlSaal j»a ^C.jlL ‘A (n iiLl A iA II jajaai jajj£ 
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0jjj£i i^>-\ 4j\-sil LS lc- ( _ ? SUAaJj t^lc- (J£dl LjdSull dlL/LLoi djI^^dA^ (j-Q 

CijAaJI did d.aS CajULaSI dllij-a l^daj t4j j jjd IgjSLij Ac.yila j 

tdiLui] ^IjjL i, in. nil j ‘(Toxin) Cad aI ‘A ntibiotic resistance 
jjalSJ! Lila (aromatic) Aj_>L=l*J) aI ^aSI j jjjjSS jjAj^SI diL£j-a JAdi j 
‘(Salicylate) djlu.nSLdl j ‘(Naphthalene) yLLLdl j (Camphor) 
(_pa3u dlA& .kbp 150 ^1 1 (jjj Aj-ajLLJI ^jl^jjj .Cj>^tnII j 

gi 150 kb !$*>-. aijj ^ISI (Mega-plasmids) A&La*JI djI^jNJI 
— S' j iAgrobacterium — II Jia AiSida L jd<j ^lia.1 dALd 
%4 (^11 1 (> a^jLUI JAd J j .Streptomyces —S' j iPseudomonas 
as a jaU dAU, ^ j ‘(Host Genotype) asl&A) i (n>..ail ajja <_> 

Jft ‘Cj>^>-s\l L5 idaj E. coli SI S- 1 JJ-&J (_gi F JU-ajNj (jl .20% ^1 A . nall l 

.(Conjugative plasmid) jl jjSVI Ad*jLL) dd t<iida2SI aiLLSI 

AjaIjSI 4 TGI (j-a DNA SI ijlaiil 4 ;SaO Lljii^all (jljjil 

La I^aL j t A^jLLLI y&, JjVull DNA SI (j_j5L (jLi^L/l a j SiVL.iaSI 

4 .^i.^tS'u'II CllL I Lai .4a&l j]| A id! ^3 |»_jxa_j<ajjSJ| DNA (j-a A » Li 3 (j_jSL 
La tjjljlisL/l Aj^sjLLi ^ 1c. oA_j^._jx 4_lllj_j]l (jli t4.\.a».“h a -a II dlljAL/lj JiLlS 

(jj .jijjjl j^jj£ll ^—Ic. 4j jid ASaJJ 21 1 aC.Ldajll (jE. Jj >,.d l J}A' IAS- 

GaGI Lai i(Jii]l 4_iLaC. (JLld. SaGj GAa. I A C Ckc. (JjALaSI DNA SI 

Jliij! j-liij .(JlflljVI A j\aC. ^Lgj] A 1;?' u^ll Sjlc. Igili 4 U^\l 

(JISjj! (jl 1 xiijs ^ ^joj^-g j^)£JI U -0 dAj.ia>Jl 

(JjutaJ «iS (Jlc« ^ jj-G Cljlii^. JSj ^3 ^aLojj jS CIj! i^y^x } 

Ljn^j (j-o liA ^-ojuojj (Jlajj! 4\\aC* JJjj 1 A>u3 

. High frequency—! I jL^I Hfr_ j ^UJI ^JjII E. coli 

Aij^)iaj JISjVI ojjlill a jjit dil »1 lq ( j-c A-oJ 

dJiAj A ijh j (^jC- AijjpdiAll 6^idll V ^j-c 
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Jiid tMobilisable plasmids <£J2<JI dldxjVJI dl.iwjVl2l 

( _£jldi .A JVI (jAj J (jl JsVI Cl lldxijlj £»o dJ Jjj Lade Aji^-sll 4jda 

C1I112.J (OriT J Origin of transfer) J’iiAU J y, J& dl.ii*jbL3l 

' * £ 

o c. <1 j>u2l dUii j Jl Jil j3l (mob jl mobilization genes) JijdJl 

(Jill A q t< -ij ^-_jj]| IJa (j<a -ll-aJC ul j LalUC-j . (JUliVlj * sd-dilll A jl^C- 

(ill Ji cDNA— Jl VJ J ^Ldl VLc. JVU. (Cloning vector) 
jjc. (JSjuij ^ (jj^JI jUilil filial (_£jl J^.1 mob diLd. 

.<*Ja3l J 4j Jl 4_JI CiljjlSlI Jl Jc. 
J&V' JJJI (Conjugation) <jl JVU JlidVI jj c> J J? 
ll jjl (jjj Llajl j tdlljjJaall j ll JSL1I jjJJ (JlaliVI (jl VI tljj J Jl (jjj Ic-jjCii 
(Agrobacterium Li JAj jl aS%^ jj dip. .diiAjjj Alddl ^ A dillljl j 
Jc. Jd (200 kb c> J£l V J>) Jc. ^ Jl JJI tumefaciens) 

Jc. Sjia jJUl 13 a lilllaj t(Ti plasmid) <^-9^ I jV-alzJ j i ^jjil jjj 
<2=21 Jl t(kbp 30 J] 20 <3 * aJJs) T-DNA cjc^hIIj c Jjj (_j*j JSj 
(JlaliVI lilA Jj .Sl Jl J jljl A J-yll ^ _jip. £-a Jadl olA (Jdldl dn-N jljl 
Jll (Vir. genes) I Jdidlj (Virulence genes) Cd Jd dilip Ja 
(B acterial (jljaVI Jai (jc. JJj juJI lijJJI dilip ^ Jdii 
Ljjl (> Ti jjJJI <d A3 .conjugative system) 

klca-21 CiliLnll) cAiJI J& ocjc=>. CiU>^ 3 JL-J Agrobacter 

JAJI Jill) dl JJI j dliVU dLiill Cs jlLA t (Transgenic plants 121 j j 

. (jy Judlj dJllil 

AjipJI <3stl^pJI iA \* j Jll i—JLojVLi tjjjJI (Jii (jjja CIiaALuj A3 

dll-la. j “Ic-jllall dll njl i_liij 4_laJ^pJI dliilj tLjjj'^jll A‘)[]-\a jjy 

Jill tkiiljJ Jail ji«JI (9 jjjJ Ajjjojtil^ll (JjLoi J Alii (jl . I g IJ 1 ■‘UjjJjII dliluuJI 
jl ^ A m°l tllj;"^JI ^l_jjl (j-a Ijda lie. ^3 ^_y > _JLa (JAd Ia jjJal 
A3 j ^lii j . JjJI jj i»~'JI (ijh n j knn <jLac. j (jjJI Jdj-aii Jidl! 
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4jj-laJI CAjlsall CIiYIaAmiI £a L-lml xu oijdi. (j^ajL-svi. (TaAi CjV^Ljj aLu (jjjlall 

.Lljljjll A m.Vig \l ^3 



VL^JUxIwjI La j t4_ul jjJI (jA La 3.4 

What is Genetic Engineering and What Is It Used For? 

(Jj\Vi £ i > .n; jl ^oJaLa]! jjii]! ja CjI iinmll i q . s-i \ '* a ^3 aLuLdl £3 jJ AS 

<jli£j) 4jjl jjll A m.Vlg II dlljjlj (JjLoi J A L ml jj 1 'l^ a a 4j DNA— SI 

A . jajj Aj diA CjLmaaAl <■ LWiu j t(i_ i jAaII DNA II 

dlLml jJ jA a^-lLJtij A .jljj Vj l»jA 4 £.jjaJ ClljjlaJj <jlAI Aj dlLA 

AjI jjll jaic-j \l a' J aJ^II t<AI-£tA J Aajl jJa A JaIc. CllVLa-a ^^3 4 -JjuiLuiI 

cIiIaj jjl * aLij£l ,-A II Ij^J j»aI jaj .*cia jjjAI diAlA! 

jjjA Jj| (> Ljii£JI :u& (modification) jjjAI cAaj ji j (Restriction) 

£31^ DNA— II £1=3 (jic. s jiS CjLaj jit jij Ua tWerner Arber " jjJ 

> 

ajjAj cjlAjjj^l aA aJjaCi .(Target sites) sAA 

(Restriction cjlajjsl Ua^ J (Restriction endonucleases) 

s s > 

(>a DNA— II JLAs j ^ Ujjao ciiLaj jNI Aj CiLnJ A] j .enzymes) 

jj j;~\M diLtaall jA j.jc. jj jL - yj 1 4 t > A jjaII A Ail AL ,3 *j . AAi jjl >^>a 

eiiLlaj jj jJaj “CiAali. AALts j!A!j jj! (JAoij RNA 11 J DNA II (Jj\ Vij 

JALA ^LLiaAII £jnAill j (DNA sequencing) DNA— II aLAu, JA ajAjJ 
o jaLII (Jdij j t(Oligonucleotide) as jAfijjj j*AjI to jjj-A AjjaKjjj 

tAaiajll o jjall jAs Jk .(polymerase chain reaction) PCRAI JALaII 

£ 

CjLia£ AjliiSI l^IL C5^ 

jjUjj i ^g-cA vx^a (_5 j!LaA CIiI-IaaIIj (Rc3.gCIlt^ L, ..qajjI jSH j 
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DNA 

Passenger DNA 




JSU!» DNA wkik-ai 

'jA ka 

>— a DNA 

Linearisation of vector DNA 
with the same restriction endonuclease 
used to digest the passenger DNA 




DNA f Jfc 

■ «jK-U jH L^»Jl 

Recombinant sector 
ssith cloned passenger DNA 



j (vector) JiU JLulIuL <Ljii!jj}| ^ • •■ (^uiLluVI IjjaSJ ^Lu kUA . 4 : 3 ■ 4 JlUll 

.(passenger) JjIU j! 4-iSI j DNA 

4a.ij DNA 5! JjKj ^1 jjiLall DNA 51 4jlij ^j.iii j A1 

•UjliLol ^1 ^Ullj (_£jl j tiaSS (jA - 0 Ji;.i lillj ' & \A'\] Ai .1 (j£j -Ullc. 

(aljill ^ AN jl 4 lKj! jt 4 a! jj]l ^l-lj jlK aljxu) ^a. jplK (jl ^jiia. jJjaJ 

S= > 

a^A 4’‘i-s,a»n A] .Jj-saVI lAlaJl ^ V] 1'4jL>.u ^Ciij (jKj ^5 (^lill j jlj^s ^lliy 

(jja_jfuw jjc. jj j ^£4 dallij j jJ! (_>=utj ^lliU (3.4 (JK^iJI i_y 4 \n.a!l) ^j! 4 il! 

4" VN a i n LK ‘(ujj“ 4 !j (_£jlaJl J^aal! ^jiajl) 4_i^ j) -0 1 jll Jj_ajj]! ^alj 

.(Bioactive) -5=>4ij ciilij UK e.i).ia. jl Ujia. aI-i*^ ciiLK^o ^UjU ! >><il 

% 

(JKjolj 4 — a^j Clna. •Ujy. 1 n.nj “ClC-li^a BJuac. 4 jjyia-a ^ 4jliill <K 1 j 4 " Alj 
^Ujlj -CKa^ jl 4iia-a < 4 i.yic. “Laji 4jj|j 4j» nil lIiIK^o ^Ujl ^-uUJJ 

. Jj3 A * 1 ill 51 Jla.! JJJ y 4 " ll K^o 

4-til j^jll AujAj^J) ^ AjuJjM\ 4j| j^yij JjlttjJI 4.4 
Basic tools of genetic engineering 

^aJ JjW DNA 51 Oljjja. (Jj-al J (j4a3 j 4 ((j^a^l Vnnl) Jjc. Cjljlij (jl 

A >>i,Vig 51 fclE I gjlr. 4~~iijj ^^lill (jatuiyi 4"i!Au 4 4 " il ;n» null 4jlju ^ l&jjjlaj 
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DNA AjtJaa (_£ I ^Lauj! (jli-aVLj ^ u.^1 dis .ajj^iII ^aLa^VI ajjI^^II 
^ (Vector) JSlj ^ l^Jaj ^ djddj <J) tg-5L=d]j cr^ dn^ ( 5 ' u^ 

. 4_lic> IAaI -N. 1 ^ L ** 'U 1 L *A J 11 <JUJ 



Jj£j (j^W-ilyjj 1.4.4 

Isolation and purification of nucleic acids 

cAitflj ^Ujc-VI (j-o (in vitro) ;rU.jll ^ 4 /n>5l <jtSjll aj V 

(jd-aaJI (3^ A-L<^ ^Ic* J^-aaA5 <j^j^kll 

dj^)laJ IdyLiJI (J-^^^5' (Jd*-5 L5^ Sj)^vs\l^ . Ajla jJ^)aJI 

^jiaL ^ill ^1 jaJ c V)g ) cilli j c4_loj^jI jl 4-ifLijl^La 

dlj^^d! ^jC« Ajj^ill ^jiaLa^VI Jj-a3 ^JJ <dijl!i]l 4 -L^^aII 

dli 4 jj^j (j^aLo^l ^^Ic- (J.x^a,^k ') ,A&x_a 5I dl^)AiA^J^)^]l j ^jjjj^)JllS tAj.Wl 

> 

(_)dLna.VI (_j*aLklluij . (J^utllj (_£j_jill (_gaAaJ! dLoJ_)A ^.rauiJ -doild 0 jlaj 

. 

[_£ Jjial! _jl^». J«d <jajj dll jhi^. tJc “OsluiI jj ^.aVi j 4_ij_jjll 

(jL-aaJVI £ (>j < (Electrophoresis) ^Ajj^I j^U. jll j t(Centrifuge) 
J t (Insoluble) uUj^ <J4* (Inert) J4d ^1=^ ^ (Adsorption) 
.(Non-aqueous solvents) ^La jj& t_uia JU* 2 J_i <jLo jjc. 



Cutting DNA Molecules DNA ejldja. ^ 2.4.4 

a * 

^j! j>jujc. Jid j! £.1 I;va £jJal^A DNA 5! ^Ja3 A-ijl^d J£jaij 

DNA 51 ^Ja3 .l-j^jujLaI! DNA 51 dljliaj ^j-c -ij-ixAl dl^jj^jjall 

JJ t- (JSjoiJ ^aJJ ^^IIjaII ^Jaall 4 jLaC. . AjSLuISj^ Aijjlaj jl dLaJ^jl AJajai! jJ 

s= > 

dc. I g la jliLaU ^^jljjoiC- dl j DNA 51 (j-a “Calia-a 1 » .t~i a Jd 

.5.4.4 Sjaall aj£i jjA^i La^ (Genomic libraries) 3d dliiLa jd=di 

^_g j'Wl 4d*-a 4jtla3 Jjc. i. ^ 1. . Al ^ i > ^i j 4 ;5j'15;^il Aaj ^4=41 ojlA (JLoxijail dc. 

<*Ja3 Jjc. (j5u«j t (j..i &» . ! l .(Operon) ujjjjI jl Jd djj^ ^^Ic. 
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<JJ >.*->% SI CllLaJ jNS-J DNA 11 ^i-i^ Ac. L_1 jlLuall Cj j jdl J.aVl a a DNA 

SaK J&. ^Slj* Ji li«-a XoiL uu ( *Ja£i ^-ill (Restriction enzymes) 
DNA — 11 (JjiAll J jaxII ^laaj 4jj>.nAI AlLaJ jjSfl (j) .dsDNA (j-o (jnUwlI 
(jJjL jrtijj Jl ^laall t(Phospho diester) JAuVI cAL* jail ja j 
(j-a iA A . a ^>i) (Jjc.j QaA V’ > al ^aJ AS .5 PO 4 J 3 OH Laftj ALiak. Jil 

lillj t. 1 U.nl j»Jj .■‘CjajJjaJI CjUjISLII (j-a <alii-a £-)jjl (jx CjLajjjY! 

jill Auj ql"i~s a Ajjjaw 4 _u 1 _iaA >.n^. Allj ^Ijjl Ajja^aasJI CllLajjj^l 

.AjjIjjI! a m.Vi^ \1 (JA-a v jU»i.J jj£VI (type II) ^^Alill 




Aaiil ^uL •J A ALujAl 4 laA jj J-la-a JS ja DNA U j J 1 -*"*■" : 4. 4 JSAJI 

.(blunt) 4 JjU jjc. jS (overhangs) 4 JjU ^jSj A 5 ' j 3 ' lit jLl 

V' 1 1 >1 ^aj ^ill 4 jS Al ^jj ^jlc .Wl».i “Ljjj^aiadl dlLajjNI (jj 

I jjjlajl (_jai)3j-ajA Lj jjA ) ^_ya jAVu.AI ^ajjNI AlLa3 . ' g ‘l a Aljc.j 

Bacillus ciil j^e . j-a J j j*_all 4115 j Hin ^a Haemophilus influenza 
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> ^ jj ji&i Jjc. ^ Ijjj .>1 ... ‘Bam amyloligrefaciens 

Jjjjoi >ic. ‘^jAM -i*J CliLajjll jaldjVI 1 ilaj aj IaJUC- ^jj jl 0.1^1 j “UdCii 

Haemophilus > <ij j*-» cdlaj ji Hindlllj Hindll Hindi JH4I 

. aj^Lj Rd aS%^, > j influenza 



^_g j>.->*'41 jajjNi <4c- i aj*jj (j4]l >jdl > 4 jjj 4I .Ic-ljaSI Juiluij j) 

CjLu jjSn <> >1411 £ jjil (Restriction site >44] d ja^**JSI > _*JI) 

(j-® >jjl 6 J 4 (jJJ ClNLaJi jdaa-a > J J . .O® jA (type II) 

>jjl >) djl-liijj]£ jj 4I d“® <*bl5>j d j^-p-dl > ja]I jjia ^ 1» lj . JlC.1 >11 

diljx jjic. .ii, w"3 Ijjj tDNA II <44 <> j!d <ijUL4l j t(AT j GC -ic-l >11 

Ljjl >aC. dj-4“ DNA adjia. (> ‘ jl!L4l Jjlaji <>C. .">aa]l JJ>" jl 

Jldia.1 j j)5 j > ii edj?" IdiA ‘£JjVI >.dljj]£ijjj .lc.l>3l j^ 0 JJjj]! jaiiu Jj 

tdljj t(4 4 ) > bp 256 J5 > .ic.l> 4 *jjI d-® jj*-a c hAui j jj^> .laJj 



o>2».j JLdia.1 jjV^ -iC.1 > <JUa (j-® J‘.4.uU j c ' 1 'A 1 Id Laill . >C. J^*-a£ 

.(4 6 ) bp 4096 J£ sa^lj oj-a (J.a*_4li) 



^jujJj JiiLada j^3 ‘JjLaj <J-aVn d j^-ju 41 > j> jLlJvd' I ^alan-a ^3 

> ‘(jiiiaJI >c »a]l ijAii I ji jj j£L*. a JuiLull) Palindromic dL 

>33 jail .(4.4 JS.nll) DNA II > djdjA^JI U]£ >C IdM ^-‘-‘4 JuddiSI dj 

ilua. (Overhang) <4U J (Blunt) <dili jjc adljLi ^rUilj ^j^x=4l >>l 
.(4.4 JLill) <1^41 CplJ (Cohesive) d'-^ddU aLUSI >1 >41 <_il >Vl » 
. <J J.^-^’l I ^ » taa ^dl yA j (dl-^^iauV I AxjLdll CllLajd^^l d® I 3.4 (Jj^JI l jJ±! 



Joining DNA fragments DNA —31 jiafl 3.4.4 

‘(Cohesive) aj£I>4I j Sdilill CjIjI>I Cili DNA ^Ls >=4 d^ 

‘(In vitro) ?r Ajll > 4j>a 5>u4l a A > .(Blunt) <4141 jjc. dlli ' .>■> 
dJjSi ^ >Sn 14 a >jj4 .(DNA ligase) DNA — SI >^4 ,aJ> s^cLuiai dlS4 j 
^ 3’OH <tjj^a jjj (Phosphodiester) ji^VI >14 cjU*jj4l <» 
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^ ^ 3 AT -4 L '‘4 j . CpUiSI 4 \ W \l c_fl^)la ^Sc- 5 PO 4 4 c^ ^ j ^Sjl 4^.1^. c_fl^)Ia 

^Li J 1 £j (T 4 phage) T4 ^jjjSJI ^AA\ <> ^ j fCLAl l (ligase) DNA— SI 
riJ .(Blunt and cohesive ends) ^USI jjc- j 4 jjUSI cAT^iSI 3 ~^iS 
clip*. ti_J- 4 *j ^^£1 ATP — SI (Co-factor) -ic-Ca* JA*J T4 DNA — SI 3 ^ 

(Enzyme- 0 . fu .* i j >--£j^ AMP — SI ^-a 4 Jalijjl JN£. ^ ^jNI fiuiVi 

5'P0 4 j 3 'OH lJIjLVU Uj»j ^iL <ji\\ AMP intermediary complex) 
CiliujiSI -_ya (Covalent) JojI j cDNA — SI 3 ^'^ <39^ ls^ 

.(5.4) J14SI L£ (Phosphodiester) JL^VI ^Uis 

(restriction endonucleases) 4j>uaaJI q&u :3.4 JjiaJ 



^JjjjjISjjISI JcIjiSl . l^.jlc. Jaxj 1 _ f iSl Aj^uaaJ! /til jaSIj JLmlLuuVI AjuLuJI 

j£jaS1 JajjIuij iJfcLiil AjJlLal ^ic. Jjj ,jjj| j3l J£|j As jAsjaI) 


1 

1 


3-a) 3 jj^\ 5 alaub sAa>lj 4jj±aJ JuiiuuSI 4jU£ Ciaj 




■ -S' A^^ju jJalSl 


Aj&laS ^1 jjaIiI 


^j^xxSI jij^SI 


jVi-lall 




GATCC |G 


Bacillus Amvloliquifaciens 
H 


BamHI 


AATTC |G 


Escherichia coli RY13 


EcoRI 


CC(T/A)GG| 


Escherichia coli R245 


EcoRII 


GGfCC 


Haemophilus egyptius 


Haelll 


AfAGCTT 


Haemophilus influenza Rd 


Hindlll 


GGTACfC 


Klebsiella pneumoniae 


Kpnl 


GCfGGCCGC 


Nocardia otitidis-caviarum 


Notl 


CTGCAfG 


Piovidencia Stuartii 


PstI 


1GATC 


Staphylococcus aureus 3 A 


Sau3A 


CCCfGGG 


Serratia marcescens 


Smal 
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t-iSjr- j (Passenger) A jiAl DNA— II AJA six. A-Ail AXc. A-Ah 
DNA eiilliji. (jjj ^AAVI JLuaJ ^ij .(3.4 JSjill) (Vector) Jililt 

JjXii Cjj^j I g 1 ; (JsLlll Cillija. (jjj ^A'lll (jj^j) j; Jaljil 

(J JA AAjaL (AAII jj£jj *^) JjAl jAjSill 4.AAC.I ^aJJ (4jAj ^Ic. JSU3I e^AAl 
alA jI 1 3 (JL<u^VI A] j ,Aj l.a^ail . J XXI ^ja A^q 10 ^11 AiAl ^y* 'A j 

4 (linearised ALAI An* ^i) JSAI DNA— 11 5’ ^JjL t> Alimjsll A. j a^a 
Jj^AI «.l*A (j^ (Phosphatase) AlAijill ^-La ^ ji “-^-Ann Ali j 

(c_iLj ^Al) cALa jail A. jm^a J Ln .(calf intestinal phosphatase J CIP) 

(J3lill ^Sillgj J)nA Sixl A.V 1 1 “ .' 4 (j^ia.lll LafrnSaa.t X-a A^AI jA jaAAV Aj j j ■ >» 

ijli Ac j .(Recircularisation) ^jjIAI A14 Jl 4xU.Jj U^ axj <*_« 

iAjt^A (J^aiAl DNA II A,j.^a A (j-® AN cJ^AI DNA II n a ciAA ^ iil Al j\ 

uA..“'^ ‘5 1 — jliuiji kc. jAyA ; Jljj _jA.VI IA (j*y AN 

A4L4AI * A ^A . ^All aAaA ^ j jj l >.11 ciim ^ill j ~ ^ ^ ANA*!! DNA II 

4 A jiiAl DNA II l^ns 4AjjjAj AaAI Ailh A^AI DNA II (jn ‘- 44 ) A?- 

4 1 A' ** ^ Aj AA djlijAA! Ah j .S.ia.1 j Sja aii Via. A^ l? jAjj 

^■X-a] Aj Aua. AAiAo C XA Als. J) 4 (Transformation) AW) 

. (jAAiAl (jJJ jaAl 




.T4 (DNA licjase^ DNA—ll aa JJV Sal la J| :5 4 J^ull 

(ji jlunVI ^jjA 4jliau_ji]l JSjA A <bjLiall i_iljSa"lflj (jtiualL ^aj AMP—SI n jAl * aiiau 

5 PO4 j 3 OH i-iljJai £ jjj (covalent) < _ r 4*Luu At j fluuL ^jjWI (*j4j ‘DNA SI 

•j4A' A^ 
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T4 DNA ) T4 j-a DNA — II 3-2 jjl a3& tm . a j 3-211 (Jc-lij j) 

2 (ja ^Lijla 2iiij (jjxjjoiJj (%60 ^Ija.) 'j>‘6 aJj.W a 421x3 jj jA (HgaSe 

422 JJC. 43—2 2j2l DNA SI * sljiai jjfsL La-lic. 4—22. t4c.Loi 12 

(Jc-lij SalaS, jjmVi t. Og ; dlljlaj (Jl2jj SjiiNI CjIjIuJI . (blunt) 

. 3—211 



(Topoisomerase I) 1 3(3333 ^lasci-l 2 Ua t JH2I J3- 
<*22i ^jjl jj3j j2I (.(Vaccinia virus) liiu^Ull 333a t> £ J 2V- . 2 I 
^Ac 4xa22l ^^3 33 L/I ISlA tJ-axj .(6.4 (J^ ‘‘^) CLiSjll j-iij J— 2 ^ajjjl -J 2 
c(Supercoiling) j 2*2I 423 ^ DNA— II <_ali2l j 4 jjkll jjjS 3321 
s^Ij 4 W ^LSj 5 ’(C/T)CCTT 3 ' ^gjjiLaiJI (Jjoiluull jnaj ^^Ic. 4 ij 3 aj jiaiij 

.S.2I jll dlliliilVI 3 a j-22a11j DNA IS J La Sj— l—s (J— 1— 21 ILa 3xj Ja33 

(JjaoijjjLj ji— jj Jajl j (jjj£j ^3 o3A jxJaaSI 4lLaC. ja o j 3 — 21 4SL12I J-mjj 
(Tyr) 3-332 3—V1 3^=21 jjj (Covalent) 3^22 (Phosphotyrosyl) 
.^Jaall ja 0 jUll 3’P0 4 DNA — SI 41.1a. L_ajJaj 33 L/I 4l— 1— ja 274 £3 j 2I 
lajlj Ca^.l^-a (J5La. ja (Jc.li2l I 5 OH ja.Vl 41.1aJI l_Sjla j»_$3j 3 
,421c. aaliS 3—2 Jc-Laj LS^Ji 2“ J^LiSI DNA ^jlc- JjjjjjjIj 3—3 

(Vaccinia I j2 3-33133 I n t Ala 33V 2 j 22 jajla 22a 22 a 
J aUll DNA—SS 3' ^jla <*-a ^-aL-s 22 3 LC^ia topoisomerase I) 
(JLaxijail 3ic. 95% ( 3-2111 a g A ^ joi«ll 13 a a«.li£ ^-Sfjj 4 (linear) ^ 2-. H 
3j3j.NI 3> 422 i_sljl2 ,_j3 PCR ^iLa jl 422 jjc. <— sljlal 33 DNA 
Sal jail Sj33 3aiaj cjLajjji J-a& 3a 222) 3' 4^=. ^ (Adenosine) 
.(" jljAil^ DNA 2V Tacj DNA — II Sj2 j ^jjjl JSLa a ^-»sll 
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G 

A 



Topoisomerase I 



-CCCTTAAGGG- 
-GGGAAT TCCC- 



Topoisomerase I 



t 

<3 



M 






-C C C T T 
-GGGAA 






AAGGG- 
CCC- 



(e) 






-CCCTTI 

-GGGAA* 



( j)-C C C T T| 
-GGGAAl 



PCR product 



AAGGG- 

TTCCC- 






PCR product 



I A A G G G- 

Ittccc- 



ial jijAj Vaccinia virus Liu aSl all \* I >jjjl : 6.4 js^all 



DNA ) DNA SI £y» ^Luilll JiLi. 4jl_aiiuil (jLaja iCja^jSI (jjiil {jk Jj^aiStj ^Jaill 

^la^j ( u) (ji . 5 CCCTT3 ^lo aj y V I ufljauj (I) J ^tiS I . (Clonincj 

L jic- <— Sj*jj Jllail lift J .iijbjlia 4jlo ^ill J^iimlll Ajl^j ilo ^jjlSfl 

. 4 ■> «SU*« £*ial ^Sft but l a^iJaSj 4_Sla alii! . ^jjjL 4 aJI Ul£ J j^jll J^uluuSI 

^llujjjUSI J5U. £>* blSjj DNA SI J tJaiSI 4jlala £_a ( _ r «Aluu lajljj 'i ^jjj^l 

Jaal j 4 <vsl a (jr) jLuiSI J ijiaLaiiVI 4SmS>ii (j* 274 £aSaj^j J ^al^SI 

PCR jA> j) y ■— ' jja DNA—SI 5 OH SI AQ^aa. » Jji J^jjjlj^Lu^iSI 



( 4 ) JluSI J . t5 Li jiaSI t jlc- ajliuj tsJ^i V (primer) Jclii ^l.tVunL 
(phosphodiester) jluy^l ^ISj cjliui ja LjIjj JaLSSI DNA ^ PCR—SI jHa j*aJ 
.(PCR SI gJiia J jJa ^^lo) 5 OH Slj (JaUSI J jla ^S- ) 3 PO 4 SI 4* £jjj 



(J^Li (JjL^dJV! oa-laS Saby] aa Sajaa. (_5yal LjJ 3 

o a& (_jaa.) . (jlj JaU Jl Jl Jjl (Jab (j-a JjIibSI DNA — II (Jj_jaj 4 j\ . ao 



^ . -> J^a ^ajj J1 > Ai . ul 4jLaC- ^ 4 






j^iUI aa& b*-nL aajj jl I (Site-specific integration/excision) aaa* 
4aN. jjl Lai 4ili E. coli Lijil^j A, ^iLail i. _ i ; > ^ij Laai*a .A, (_$ jjA ill 

Jo ^abij Jil j t^iLall (_>> bkj-aj 200 saVj l^ia ^jja (Lytic cycle) 4 -JLLajl 
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JLdjLU Llud A ql*v jl dl Uh Jd.ll jl La] j t4qnii.all A jl'S 11 i_ll m*v 
(Phage) (^iloll DNA l$ja di du^ (Lysogenic cycle) 
jl ^La.lNI ^ajjjl aJC-Lubaj g-a-lll A jLc. ^j!i .att (J-ald jS j^ ^3 (_g JjA ill 

^-Llij JLL. t>j t-dij ojjaj Jnt jl (Integrase) jjljidl 

attB ;> J£ (jjj (Site-specific cross-over) ^alj* (jj^c) 
Jc. did t^jldil DNA l _ 5 ic attP — II £-a Ljiddl j^jjS ^^ic. 

Jclioll La j] . ( -.g'lLl l DNA £-a LjAdl LLujI ^ijxs ^ attR j attL 
jjl c> lK ojj d jida Llac. i_iikii <dd*jl jd j c (Reversible) (j A» 1 -a 
^ddd La-iic. . f -»g'iLl l DNA t_gi <ijad (jla£j Xis Jl > An >> i l ^jjjij Int ^LdVI 

DNA II jlfl A ill’s -all lALaJI j ^>g'llall jjj DNA II Jail LLjU! a A 

JLdl (jjjj Id x ^g'lLll att 4^*3. y* jjj 4^0 <d (Target DNA) d-i^ddl 
(jic. id id aldU Jfrlaill LLi jd jl .(attB x attP <-> attL x attR) 7.4 
E-coli LA l^jauLii j dlyiiall did j Xis + Int jl Int La] LLdl 

1 a,*! Juudl DNA II tj-a^. i jdl j 3 ji.-iq.all 3xa jLLiil flidl ^d ^aJ .Aiuduall 

iLLa jLldl eld! (jjlsLlij . jj*^a Ljja. Ida] ‘LajlLoll da JLLd j-a i_J jl)->.all j 

jjj jua jdl Jddll jli (<*^a i k~lg"u»ixill DNA Jjs) ,^-uil-uiVI Jji-aLall 

•E. coli Ljdil LLili Laaj ^ )dm did jja. jA att < *-al _ 5 -a 



attB 



X 



attP 



attL 



X 



Int 



target gene 

wJJA j^x 

toxin gene ^ j*a 

A 



I 



Int ♦ Xis 



attB 



X 



attP 



attL 



■ a ia ■ _ — 
Destination clone 

< jdjt juia 

By-product 



target gene Jja jaa 

i L , i i ~^n 

attR toxin gene attR 



| Destination vector 

Jld) A ' 

Entry clone 



(_j jjlall ^Ldyi Lldl jjlj dlii-a JS| jj ju ^ pm alt DNA-ll Jij jia j : 7.4 
site-specific) As»-a ja>a ^ uidUil Jx~ ^Udl I A iuu . jddl (sub-cloning) 
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J a*J$j DNA-I' £luUI ifj) .X gula Aj ^Jj ^ill (recombination 

jjVl lib £>j .(entry clone) "JiAdl" AjuUI ^UJV (entry vector) "JiAdl" JaUll 
(Int ) Xis j Int <jjlll! AjLajji (destination vector) J>uaiall JaUll j-a 

(unidrectional) a^Ij slalLj Jll* S*liS J Jalll Juaa-ii and Xis recombinases 

Ajlxa AjU Jl jjSfl lib JJ Axj .Aj^Jajfr 0j|J j ■ ullall DNA II 

4 j. /ib all ^ . mi'iUI I DNA-II etsjJ' J; ‘(toxin gene) f*amJI jjJI j* JUJI CuLma. 

AiLJal AJli J LmJjta JfrlilSI j_gu . jLaamll CajliLa Jc AljJA Jfr fljj 

. JfrliUI J Ala. t lui.aJI Jfll JJI J 1 jl jJ) (jaiS*jj Utile t JfrliUI JajJa J JaAA Int 

A^Uxiual j (PCR) J-Iuumfl S jmLil Jelil 4.4.4 
The polymerase chain reaction (PCR) and its uses 

jjjlaj J jj Jl jjjllll (jVI Ajlil j 1980 j»lxSI Ala PCR SI AllilS jl£ Ail 

,». Jaunt AikJ J .(Recombinant DNA Technology) DNA— Jl <_naib aiSU 
jjj JJ. ^ jl jl SAAaua DNA AtlaJ J (Amplification) AitL-^a j j i- Ai 
DNA — SI jj jj ujc-Liaj jjIa ja PCR — SI Jc-Uj jl J .40 kbpj 0.2 

jJL) LJaj . A jA.a cJkilj Al Ajj AacLjamll Jia jui A-ljJjll AdmkSI jlj i’ajjA 
A A 10 6 toi^lj (Template) a_liVS a A .,A j^ Uj2Uajl lit ar.l i >mll [J 

(JNi. (Jc-lilSI ; .jjlNiill ojjAII ajijl £-a 10 j jjjodl SjjAII s-Jlil 
(Thermostable DNA -J J DNA s jj ^ji Jl PCR— SI 

tAik-Ciua aI Jl (Template) Jill J ^ a Jl DNA Jlj ‘Polymerase) 
‘(Primer oligonucleotides) Jtliill jAf aJ J£ j J J j* AA^a ^ jj Jlj 
allliuijiSI AjdNilSI Ajldjjl£jjj jus £_J jV I ^ I jj V I ^Jbj (Jc-liall A_jl A' I Al jail ^Jl j 
j dATP j j (Deoxynucleotide triphosphates) j,;> J jl C-aJia 

•dTTP j dGTPj dCTP 

(a!) jdlfijjj 20 (Jl jda. (JJaj) J&lijSI j aIj Al)j2^jAj_jiAljl ^ j j JimaJ 
(Complementary) lauda La^A a&I Jll J.,.l1.,.a jjj cjaj ^LJoj 

(JjoiLoij ijoi A' j^ Aj V . I g . in ' Aljmll A qli'uill ^sja (Jc- aJaJI (JjaiLoul 
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(jjiblsLull (jiiijiaJI s. 12 . 1 j J£ (Anneal) t -.vil'i3 cilACS! 

J£3 i_Lij U£ .(Template) j>ij <jlaj£ jAllI (Opposite strands) 
£_£jU13 3 i— a^la (jjSLi e'n^ I t3 4 _ s lc. i_i31Jj3l 4 J.I 2 JI ^Vif (jl 

J^aC. A (j! <j 3 ill >‘ii V Laai j . ' g - -n ' jl ^all A gl-T'-all 

CjC. jAI A a tt\ /%\l ~j-n. , >i'i' 4 ’il /% , >.11 (4_Jli a JS) ^ '-v . A1 1 a£ al Vlll j (Jeliall 

^aJJ ; aJ-\ ..Will 4jLaC- j)l jA PCR 51 (Jelij Cjl jdAas jaAl j^a .PCR 51 (Jelij ^ 

ll^all I_3lal! DNA SI J ^ajjjVl ^jic- (_£J2J -la.lj (^jA-a i_Jjjjl ^ (JASLllj 

^ 1-s > .n 1 o^jjl J£j .AjIjVI ll_^allj Jeliull Clsljjlj (j^s ^jjj t^alS . ,n 1 

J ^jua 3I ^ t (Annealing) ^UjIVI ^ <_U4j (Amplification cycle) 
JL^ajl J (Denaturation) ^idl ^ (Extension) o^ALJU 411LVI 
Uj .(8.4 J5A3I) <alia-a sjja. CiUjj ^ lAlij (Dissociation) 

^gk (95°C Jl^^) 42 .j1j 4^ uf 5^51 (JL-aajl S j5ts (jl 

o^aL -jjjl (JS-aaioil Jj j jjalall jpa jjl£ iillil 4.12.1 j PCR (Jc-5ij (_^i ojjl 35 

^ajULaj 4lu\j DNA 

L£j <> (Taq polymerase) "tdtj" s^^aldl ^jji (jAlUiJ ^ A3 

c ji 

■^1 ^aij yjll ( Thermits aquaticus) o^ill j£l (jj>a jjj ^tii IjjjAj 
cA 3 ^A5I '^5 •‘dj c- ja!j Jjl _A I A (jl . liAUA ^ a^LaJI il nil 

A '■ "s ( . s-i\ II Of l^)ill A q A j AAj "Alii' (j£j j .PCR 51 AlLaxlLuilj 

i_ijia3l (> ^jjjll (_>=ua=JI (Jjlaj <jjA fic. ^1 IjJa (Proofreading) 

(3’ 3 5 (jic. jjjKjjjjj£l ALuiil ojlajaV ^ I 45 sL^loLo 3 

o^aL (J5Li. 1 Its II A..\ . u j (jli 4^yi I A ^ (j^ASI I A .Exonuclease) 

# ll __ s= 

(jl jAjj 4LijI^) 2. eiulij (Pfu) ^> 2.1 4i3LiA jA5j .Cillc. <jj5j j;g5l 

l£jl (>a 4^5 UaJ j <5j& ^ (Proofreading) ofljallj 

jl dii 2 . ojAdl jAi ^jjVl I A .(Pyrococcus furiosus) 4 jjAj 

. j)£Laj A Jal j)j£j -ua (Misincorporation) U=aJI 
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Jfrlajl! 4_j3LuJa]| kUft lift (jjjj .PCR J^jAuilall Sj^LII Jc-Uj :8-4 JiuJI 
J« as J\ (denaturation) £**»!! j (synthesis) ^luaSfl j .(annealing) ^UaWI Jauu 
.(T hermocycler) 4 ^ jjaJI PCR—ll 5ji L^uLa jjJ jjSH ^sj t^JaJI 
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J\j* p (8.4 JLiJI) PCR— II Jtlii ^ JjVI s jJaiJl uj 
(Dissociation) JL-aajl J (Denatuartion) ^Jl i >kk 95°C 
^ .(jiuuil l ■ »$ . >, >»» ■, ) tjc- (Template) JUH DNA—SI ynl-iaJI 

^-9 (Anneal) ^UjIVI (Primers) J&liil' ^42 ^2 Jeliill <_i ajjjj 

.did .(Complementary) Add Adi ^jLJ DNA— 1' dljLl 
G ^C-I_jill ya La&l j’i*s a j yAilJI ^ i5.Aa (J _jia ^lc 2 VilLH 4_lLaC. (JLid ajl 
e jlrv dj .65°C J 50°C (jJJ ^LdJLM ojl^a. ^jljlij JSLd (j-^J -Cj 
A adjJ a^ahll CilliLall Aa.j.l5l ^gAj) 70°C ,^1 ojl^pjl Aa.j.1 ^IdNI 

ALafLall AdJI ^d-aii! (Lljl^pa AuLill jjjLaJ jo DNA 51 dlLajjji 

CSlLVIj ^LdlYlj JLdAl dLLill cjI ^L dl J<d .(Complementary) 
oljjj qa sd j Sjjj (extension j annealingj Denaturation) 

4jtJa3 ^)j£l (jl .OJA 35 (^1 20 (jjj JduJ sjjjll oi& jj£iii J iPCR 51 

^Ijav ^Ajj " iillj" o^alaJI (J5-a*dlj PCR iU 1 g <al~s d"l (j5-aJ DNA 

^aja (JLadLailjj (Jc-lijJI i Sj^}la ^3 dll n»>i Vl j CllLLldj JNi. j* yfllj t4kbp 

• 40 kbp ^iiav. <*Jaa5l . .W ' yfL&J Ljl^pa Aim o^alJI CllLaJ^pl ya 

DNA 51 (JxakaJ Cjl^p l^’u 3 dll V A' 1 Jaj Ja PCR 51 jj_jlaj 

(jja-a ^3jao -dlj jjj juxju ad-s a oyL3a (JLkjjj i(SeC[UenCmg) 

‘(Labelling) DNA—ll ^ j dLkc. y j ‘(Site-directed mutagenesis) 
• (Chimeric) ‘j^ did “^hd-a dlijj^ y DNA ^daa ^aj yj 

43jlo ^Ic. 5 .ag u (J£ y jdj dn-sj (Jc.liii3l yd ; ->J.adi jfLaJ I^sii J La Ailda] 

(Restriction enzyme) LSjy-^ (Restriction site) lay-***. L <iya 

LLlsj 252 ( Caa5 LIA 2 PCR 51 ya ^ylail syydt ^ n.-ij c~n^> i od-a 

.(5.4 J5 .a 51) (_jjiSL 1: Idaji “UtiaS ^aJ (Vector) J^L ^-a 2-9^5lj !_3>A5 

Real time (RT) ji) L a CN5 l d3_jlL PCR — 51 JiLa dl yiibi Ljaji ^i5'ja 
.AjIAj ujja J^5 ^ n-s 51 jjjtMI yjILowi jl CuS Ju.W'il ^^-s'uin ^^351 (PCR 
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A DNA 51 ^Jj JjjoiJI RNA 15 gpj» a ^d Ji AjLailll o A 

Jli J& .ydAll DNA SgA j <*jJ liSJjj (Complementary) 

villi) J ao . 'uaj J .(RNA-dependent DNA Polymerase) RNA— 51 
yjl (RT-PCR) JA=J dsjb PCR JIA J JUS DNA-ll 
• (Fluorescent) ajjoij j A a y . . 0 a ojAi g_PQ ^ Jc.lij JijIj JAhAiI ^ . .W'.v 

Jl J t(Jc.lilll ggAil A 5>Xuj) Jc-lilil ?d Jj 3 lAli. AJujAiaJI ojLall gj£j 

(j ^ Jlill dsDNA 15 a_iA v j > »t UlL 'igAdl 4 Ac. J^Li. Ju e. gdll jpUaj 

oAall Jl J gas ^ydl a j> A\ JAgAll gJAll J^Li. gaiS t^j'N >^V)11 gC-lili 

J) jyAll dajj Jelilll J Jlill DNA 11 a_iA c-iLuoa. gji aAlAaII 

gA J ^ (Thermocycler) PCR— 11 <51 gl ij t(J&'ii!l ^ ,>1 JL 

SiLall Jlj2 PCR ij jj J£ Ja .(Fluorimeter) a >dll gja jj. dsjll 

> 

A-lml . vi "a 51 Ajllc. Ajl£i3l oA g±i*j_j .PCR 51 gji. A f> ml gj 1 g . »Ll3 Jig AAduill 

.Ajjaall jljA d& ajjIj JA dli Uii J i (Reproducible) jl Jill g iidl g 



gjl Jill gjil JjJaj DNA JIAjL JjjAill 5 . 4.4 
Transformation and other gene transfer methods 

ix_) A qj.>iA LjjAall Aug Jl i_ijgc. DNA Jldj) ^Jc. ’ijAll gj 
.(Recombinant DNA technology) gyjLlI DNA— 11 Alii J E Jg* 
CiaajA DNA ajJA JUJ J!Ck ja (Transformation) Jgdll <A*i 
Vhn'iuJ jii£V I Ji Jail gii*j a <j.>>«ll <jA Ji.b Jl (Exogenous) liilall 

1 vdl'Wl lljn Jl £-1 gjl gja* J .(clOIling) ^LdjVI dll J l&gJjaig 

LijjAj J gjl ^IAj 1 <iji (DNA 51 JL (jc. <3 jyui* d A j 6 jjj) JjgaEll Co jAd 

(Competent) <1 a>i j <Ua UAJ ClAA aJU-o Jl E. coli — 11 JA g jJ 

.i_ujill DNA 51 Jl/fnA 

AI^aI Jaa-a Jl AgdlU o«.lA dll oA Jjgdll CISj g J ga pi. jlL) 
(Genomic libraries) <dj' dliildl dVAJI y«j gl V] c^-LdVI 
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(jC- A-IL^JI O^A ^C--Jl (j£-GJ .A-jlLstall (j-G (_£ jJjoia]! cillij ^.4**A V 

Viral ) jjja cA aU jj AjA\ l_> j 2LJI DNA— SI (Packing) 

o^tjxi ch jjjj .(2.5.4 s jSall jJ^I) (In vitro) c^Vl ^ (particles 
(^1 A-ijUiSI (j-a < aII <j-g s.l^^.1 Plllsc) A-ijlj^>^ C* i\ qar ^S Ljjn^ Jl 

<■ t ttMl" Aij^)iaSI oAA .CllS^a 2500 J] cJLc- (AjjSj4) jj J j CjI ij 

£* ^ j>u» AliJaJI IjjjjIJI Jc. <_$ j (Electroporation) "^Ijj$£1I 

^-gjolj Lg-g ^j)S*sSI <. i^LiJI ^a CjI^^Lj ( ^jj£^JI (J ,( NSI ljjjoijjj 4 DNA SI 

.^*£11 (JiL^JI a ‘njVi cJj^jj LjaJ jA AjJ jj tJj^-iSlj ELai /^Sl DNA SS 

(J ^xj jla ^niaSI (Transformation) Jo^l c> j^' a^jUI oIa jii*j j 
.A^JjIaSI o^A ^al-l^Jjjjl jjJ (j^a WSI DNA SI JUJ j£-GJ V IjJJjiJl ^-Ijjl 



A^uij^il S L^LaJI Jjc- j f lilSI 6.4.4 
Selection and screening of recombinants 



aLjouU s.lijjl a j\x>c. $.1 jaJ (j-G V (Cloning) Aj a_iLgc. JS -i*_j 
40 jjno’q^SI jj^JI Ajtlaa jl jj^JI (J^Vi ^1 a jS-sSI J jc . j (J*^ ^Sj -5 (Clone) 

Jjjjla (jC* jjfaJ tdli ^LgjV <-£ j£ oU> -Sa-o-njl .L£UJI 4_5^ jC* I g S>^na j lg_ljc. c . 



(Jx>*sj Jalj (JLaxHuil ^jj c ojl 1^5 .l*JI JaUSI J^.j ^liSI Aij^Ja^SI l2>LaJI $.lajjl 

l^IIgSI ^ jj^SI -iC^a-aS! <. \) * ^*>1 Lg I jjj 4^ j)j*sSI j!_»JaaS! <CajliLG jc> V jjjoi^ Ijjj-g 



Jnia ^gA jaiSI ^..)ia.u..u ) ^glill Ij^LkJI jli 4 l£UJ| jajj C* n*s ^gjIjixSl Iixxi_jlS 

A_lSlx5j J^l ^ <a)Vll ^aJ itilSi ^gJI AiLjal .^JjujIj l^lSI (JSliSI ^gllSI tilSj 

l_jj^)C. DNA A_aa ^S Jalj ^Sc. ^^iJI Aqj^.GSI IjiLkll jjjA’ij ^gjjjj 

> 

^ c. <L^)Ja]l ,i_ujc. DNA <ji JiU ^^ic. lSj ^ j Aij 

; U-nj 4i^a e.Uii.1 Jl L» 4 (Gene disruption) LjjjJI 



La (^JLL (Jalill ^Jc. dljj^ail) ^ q ■ -^11 lillj i_J^lj ^-3 L—lJ^iJI DNA II (_j-aaal 

• (4.5.4 ojidl jL'J) 4.^-^. j]| Jaj 



ts-^ - (Clone) 4_Liuu3l C_jA (Jt o^LiCa i s^>*j]l lA^ 

(^j^a SjjoiCa JJC' 4ajJ:»J jl (Selection) 4ilJaJ <La 4jtiaa jl J.l"s -a 
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J i (Endonuclease Mapping) cjUjjjSM ^ j 

c jl A j US .(Hybridization) u^lll cAjISj <JaJ jj J 4 PCR— 51 : IUJ jj 



l LiU. <U£iJ J^U. (U° aUuuII ^.Uijl 

Jj-oSj ^ JUUS .(Complementation of defect in the cloning host) 



JU*iiujl (^r^^dl DNA II j) LjjjSJI SjULoiI ^)SU ill 

.a_iujUjI aJj! SjU ujLic. 3-^1 6 ^j*iSll ojUiLjjI jl 4 'll A n» a “Eljl SjL» 



Aj^j-a=Jl CjLaJ_)jVI Ajlajj eUslNl Ajl-aC^. d-^d, 

i> (Jalill) dp. ((Endonuclease mapping) 

4pjU]l ( xJa2Ji (Jj-a3 jdj ^aJ (4-lia-a 4-jj.,n% CjLajJpL £_Lajj 0.1c. (JjLuij 

dd£l (Agarose) " jjjl^Vl" j> jAU (Electrophoresis) 

"Bands" “da^dlS j.ig j^ill) ^Jodl t ^i £ -' <dd ■ ' $ d d^ d^j-^j Iaj-ic. 



.1 jOg'im-al' DNA 11 ■cLaladl A (nail! 1c. <■ S^pjll ^aJJ 1 1 g d d^ 1 d 

> 

DNA II ^j^iUdl Ax ]^qll aJUu. 1 (j^Sj U-iic. Ai^UI &U (J.a*U.>li 

^3 Ul . 1 g \a ^.UljVlj jl^)-dl Ij^UJI l-i^. AJU 4 ^cjuiiLolaII 

^jjLlkc (Primers) Jl^ul ^ii3 ^PCR II : LUJ jj ^.UijVI 

1 \Uaak lili 4 6.ll.iC. JjUu DNA SI 4_j^iUdl DNA Ax L_il^)JaV 

DNA — SI {£ 4ii*il (jl l^i Jc.lij]l ^ 0jlj ^^Ic. 

IjjjjS-iSI CjUc. ^^Ic. 6_^)JujUo Ai^USI &U (JUjUoiI (jS-^j 4j| Ujj . l fl.i^U^Sl 
-i.ic. (jlS-cVd ((_£ j^lSI (_y^X V VajjI jl 4_^JU-o (jj.li) 

. AiiiUdl AjLijUILi AjjIU (JjUu]I j^SI 



ciiUS-dl <SU ^3 US Ia^. ^Lih l_ 3 ^lUdl DNA SI j JU i^.! ^jlS lij 

A/dlxli Lib . JjUuSI ^>^1 ^_y a,?fc.3 (jA*JJ AiU 4 (5. 5. 4 6^}£iS! ^)Ujl) A j\)>Sl 

^1 djiiSJI (Colonies) e^l j^lL^ (Hybridization) u^dl ^ j U 
(Phage vector) JSli JU*!^! <SU ^ j 46^.1 j ^1 UU c> l^io JS 
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<jA tjj j-sg'il l fiij S *( Viral plaque) y^jjASI jjA 

jLl,.^ ^I.iVuuIj ^Ac. j ^j/A'SI (Colonies) eid ( ^ 5 Jc. 

^c. j-^jj (JjaJjoij RNA (j-o jl DNA LJ (jj^» (Probes) 
4_^_iLk-a jl 6 ^ixiLoua (Anneal) ViSVI^ l-j^IL^SI DNA SI 

^Jc- Ajjoij^jjASI jl S^ixJjoia]! <!j£ (j£j Jju (jj-^gMI ^aJJ .SAW<a 

(Denaturation) £u*A\ ^ cin^ il*Jc. aI^jjj (Membrane) oaU. *Lic. 

gJl^Ic- tillj j dl 1 g >>i» j ^jc. ciN-i^-SI (Ji.^3 ^1) DNA SI 

SjSall jlajl) (Labelled probe) jUaiJI .Ujjj^jj L£UJI 

^-Jaya ^3 ^LAjlSI ^Ac. ClllLallj L-J^ILaSI DNA SI ^ Vtljj c-LAjlSI £-a (7.4.4 

. jLiubdl J^lL 4_ic. (. Ah^i 

Qj»43B J AjjjIII (J^sLa^VI lj! jLuouj 7.4.4 
Nucleic acid probes and hybridization 

DNA 51 (j& i q > : AL ^Cal .a Aj I ejljLuji^ (_)<\»..u,»i.i 

DNA— 31 (Hybridize) uV^ J <AiLj A^ jAAl (jjA »A& -Ac^aAI 
Jia (Solid support) AL^> ^ (Immobilized) cALdl j UeqAAl 

<s_ji^=ui" “U A ^ . >1 jjl I A <jA» jj . jjjjlill jl jl (j jLljll 

- jj>g'i3 l JLa*2A A A3 .(8.4.4 Sjiill jJA) (DNA array) "DNA — 31 
DNA— 31 jc. <_kJA3l U_w tAjoASt ALLIS sjj^c. CjIAJa (Hybridization) 
^ ijAl ^ihv'iil JjlA l^Ju A3Aj i (6.4.4 Sjii3l ^ jjfui LA) (jjAAl 

(joikj j> fAj3L .ajjIjjII oisl j*Vl »L' j (Genetic organisation) 

ClilS, ' -ag a Igjlj AjLalill oi& £_£jAaj (JjujiI jli 4&_jiLa jjal ^3 (jj’Ng'llI 

<S^At ^5jjj3l (_paAAI jl,i. Li^i ojA (jj’Ng'ill liba .cjAuiAl 

(Complemetary) LLAJI LIASI ^ ^Al3V1 (RNA J jA DNA) 
o3j^.j (Aj A3jj liAa (RNA jl (jA DNA) G QA^'ix^SI I 



tAiuij^aall Aa^ILJIj )n > ujJi A.daibO pl^QUC jl 4 ^ ^ 

^C- j^ll AaJaLdl o 4 A 
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^JLafL&ll JJE. (_ysuaajl ^ya 0J^-a L&f (' i _£ jjjll (j^-a.a*^!!) 

. j'-U>i.a]| l^Jt-a V 

j "Ed Southern" \ g q/;nS^ Jl bUiJ JaLA/l 4-jlaill eiuA^ 

djlaj jjL DNA— II ,*-1=13 jl! " j ji jLu J Southern blotting 

<lajj)l_jJ (_pa*j]l I g . ,~i » j jjc. I g \ > ^aJJ (J JslII 4jjli!La 

.* A * 

Cajjjj (Blotting) ^jjjj (Transfer) ^ 



^^9 q, LoixJI ^Jj (_£ ^j^ax>^kll jljjabQ L_flLjaJ . j j>.\j!\jjuj < j-a $. LujC- 

£-a jIauuJI ^JJ ^ fix>51 cillij (Jj|5^*Q 

jl-Lul^ ^LaklJI £jJa J* (jc. C. Qjql^ll . g-LaiaJl s. flA^*bal*a,ll DNA 51 

.IxJ J dlL^Jal ^ \j* ■* A-ojujj (j-o s-LoixJ! (_£ 

^QjuiJ 4iLjia5l <.**1^ U«^l L_J j)U^^ll RNA 51 ^y^.j (JC- L flxjj.^15 4 jISj]I 6^A (J3J v)Vi 

.(1.7.4 bJLk 51 jU) Northern blotting J "jJjjjj 



4-jl£j (J.A».IiuUl5l jljjal-a5l ^ dlllj^^. (jj£j (jl 1 1 1>j 

^jUj jl^uJl JL^. .RNA jl DNA jIiuia 5I (jl£ pl^jal 6 *^^_9 <l.la. Clilj 
Jc.lij <Jj 3 Ja-aii (Denaturation) Jac. ja :u 4 J.JI 

(Jjailwjj (_£jjj ^jJaA^ i o .'.‘3 ^J| i jIajaaII J g^l ^jJa-oaJI (jl Lajj . (ji^giil 

(Jja 4.xj a a o^)2j Jjaja]I Ja o^lc- . \kj!x£> Cjj& L)^ cl)" 0 jl- u-aII .Aj tjjJXA 

^)lixu-a]l 0jJa^>a L axa^s 4_iLaC- 0Ua^aj j (^^S) 35 32 

^ tii^il iii]j ^aJJ j ; A_i ^aajl ^3 <jtc- | ^ a.^'uaaall ^ J gill ^ua-oajl ^2 'l 1|2| ^.LaaiJI ^ lt~- 

(j^Laa. 4a _k. frUiill ls' ‘(Autoradiography) ^121 ^UJJI jj>^2I 

■ jl.;, >.,A 0-a 4aajlj]l djlc-LxaaVI-J 0jlalj ;4aiu2l Ax2a^U 

jaaa jl ‘Eiiia. (_ 3 ^>la Jjjiaj ^aJ (& jaa.VI ^ CjjiiJI (jl 2 aJ Jjlill 4 7 - '“'t 

(Analogue) aLiiil ^ ^ ; ■ ^ A . eijl j2l JLaxiiaul ^ 4 ' _jE..aall 

(Digoxygenin) ji'i>A J (Biotin) jy jjU aj <h^»u ajIj j 2S ^gii 

jUaaJI CjlAujjlSjAj ^loiLu j-aaja J^aVl (> V^j (Incorporated) ^ 
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ajjjjI (Ligand) Jajjjjj i-illi ^>^.1 c-i_gy^. ~ ‘"j A .aj^IJI jc-lii JliLi. 

jj£L) (jl ^ic- 4 jAjaadl ^ £a-aA (_£a!I ((jii ijjLJI AH (jj.li3ljjjlui Lia) AnjKjill 

(Peroxidases) jjAHa jj# J a^ jjjj JaHj ^ ji £* lA^a Lpj as «.<_$ jHI ^a 
.(Alkaline Phosphatase) jilHjs (jjAI£l j ejliuijill JAAi ^jla ^ jil j 

lllia - jj A II Aaj ^jIaaiaII £3^A g)C. A_fljol£jl ^J^iVI £-a JaljJ^)Vl (jA L kg. 11 j 

A ^Li s^La ^]l (Jj; ^*n l^iil aj A (Substrate) Li jl saIa A^i ^jjjVl 
lg.at.La~4; jd) AJ jVI SaUI] jLaj . j‘jLa ^Jja ^eiia Jl 4 *di 2 j 4(Chromogenic) 
J ALJI 0 aa J i (Chemiluminescent) J Jtlkk ^ jl ^ jNI 

JjIaJI ^^C-laiall JJ * - AjJa ^3 La£ Ai-a^a. Alsl al .lAualj JauiaJI ^jc- . Q. : ‘X\i 

La^j-a jLaaaJI jL laAic. (Autoradiography) 



(_paAJsJI (j_j£Ll LaAic. RNA (j a jl-J ui aII A ll.^-Aj’l (jjd 

Northern jl "ujAjjj AsA^aj" HA J J 4 RN A *isj^- ^ a v^'AiaI I 
ajAj ^ jjl kkJ jj (m vitro) j- A jll J jIuaa IALa JaH j cBlohing 
klhJI 0 aa J .(Phage RNA Polymerase) "jilL i> RNA—ll 
£-aA j (Phage promoter) Jil^l (> djaa. Je lSj^ JaL JU*iJ 

J jV'u.il .1* j . jj£Aa]I i sLa. a^iliA (“Iaa AjtJaS jl) i jpg'nu.aH DNA II 

aIjaJI £a "jiLa" (JA RNA II o^aL ^ajjjl 4— sL-iaJ 4 i_I_jajI J AaajNaJI (Jjc-j 



.( Ag'lm-all (_£j_yj]l (_p=uiH] AaS1a]I RNA II A-li, ^ i'iiLi I A.IJ j 4LajNll HljVI 

AjLaC. ( Ail IgjLLa ^al UaSu) jl.l. .: a]] ^joiI_j]I f-^Lrdl 

.DNA (j-o j'h^i^II jLu,aH jaxuj HLaC. Jka LaLaj 4a^)<i\_lll 



DNA array technology DNA— II Aijiuoa AjlAi 8.4.4 

i 

^-3 jjJakll j A_uj I' a I ' *^ V,: I {ja Aj.1a.ll aJ-^tAI ^-a A-AAiII jfijA j] 

Hi AA jjjJa Jl as (Microfabrication) jjSaII dl ^/hH i I I Alai 

AjAiAll A All ejl!ijjx (j£l 11 J,)ia.'ill iai 1 ‘A-ai Allc. OJAS 

DNA II Alii . ~ 'K .1 ji] .aA^lj A JpAa A j~n '. (JNi (j^sj Aa.1 j Cll3j 
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Jail) -UlLaJi/! Jj-JI j : )ntf.)il JLa-o J aLL*. ojjj (DNA array) 
ljIjLu>u, yL-alL (Microfabrication) yi-ill yju^'ill :ieLoj .(9.4 

(_K jl . J-s j y L,,. Jc. n J -Lille. asUSj 

si* J JLo*U ,j£<ij dll jliuuill ya yle. jj lilliA j .(Chip) LataJI jl (Array) 
JiLa AllyJ ^Je TLolS yijl Jc- i^J "' .' PCR yiiia yjj u' b«) tAiliill 
Aiijjl^^ij yo a j i.^a^ (JAU*. yj£j yl Lajj <(ORFmer) "y jadl a^lyai! yUal" 
Jj .o^j 70j 20 yjj l^ljL yjljL (Oligonucleotide JjJjaijJjl) 
44 jQi.qi.U 1 Jc. ' g A 1—' Jj lillj -}*J ^aJ iVjl jUjoidl ClUjja. yi..n' yUaNI Ja»..a 
cAleUi (JaxIuu tdi ^.1 LLjL Jj .(Robotic printer) -yll axAL JUuCLoL 
yCJI J jUoodl aLjjK jjj ji2 J yj^il (Photolithography) J joJall ^JL 
J LiJal 500000 Jj 10000 (jjj jLlooJI LaUi£ yji .aj J-J yill (in situ) 

. -LoA^IooaII yjall AjfUilfiio c. Uo-k aJl^l Jl 4 4jQ . ■q'UI 

(Target nucleic acid) cj^L^dl ^jJI Jj UUill aU* J 

4jte-aj ^jo. J! y JL Lo Idle- . ( yic- 4 Ojo. .q>UI ^Jc jUuiaII yl yea. 
(Reverse J-ull aiLe. J5U. (Fluorescent dye) aji~.j J aI^o 

JS Nila Lojaai^o LuSU DNA Ah yj iJj^jll RNA—ll transcription) 
yj CjlL) Cy3 y-axjl yiiLoSx yn». Ijuo .,lA."uJ yj . (Jjjj y RNA 

yjl! ^ yjj o^jooiIaaII LijlLdl 4 Jr. (JJoj (jolU yjl dilL) Cy5 j ( J..A J 

o. j.>>\l 4 _ia£ (joiLlS Jjj .a.l^lj ASjuoao a j Lo .>i. a ]l ya yialla^o yjy. '■ -q> - yo AjaUll 

J y~^\\ y Jl y-^-o j oUal (Laser-Scanning Fluorimeter) j J?. JLuCkaL 
532 (JJaJ Alijoia -Jjoil 1 - ■ J; j»'j Cy3 4.j. u^-ill jiaj . jjjlll A*Uol (JUudoaU 

Cy5 II J^4 La ij. 1 .IjUajjU 592 j 557 yu *■ j^l' lyUjjU 

.lyiajjU 690 Jj 650 JjJ ■Jj^ 1 Jc. yoojj lyiajjU 635 J.joij 

DNA Sequencing DNA— II 4luoLi 9.4.4 

Igij .LIaJI J jc-IJII L_iiiJ y c. i_ LiSJU DNA SI aLuIu. Ajlaii y-ajoii 

A3ya«-o y) . J-. pi (J5aoii Aj 3 L_jc-bUllj DNA II JlVi Jc- oyAoi CliUlajll J£l 
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oLqjU DNA *- Vi^uai^SI DNA SI -^1 _^SI JjaiLaij 

ljJra.)l ^Aj * -llak^a S^jWixt A-j^).i:S>J A ,a)V , il 

Jajl^)^. Ljajl <a^-q j lA qfo's^a Jc-lij dAjjljj A qVi^xt 

(Transcriptional maps) Ci^j JLulj^j (Restriction maps) 

.^tjl-iSI (Jxulujjll ^lill 2^1 ^ S^LuiaJ 




DNA SI ^IjS ^-0 (Jc-lijj A-Ajl j af\ jl j-o JU*U ^g. Sc. Lc DNA .ic.1 ^aSI 

, f 

(BaSe _ ClAjjjJS jjill SjfrliSI 4.a.; iJ-a ^Ic. frljj ^JaS JJ iS^jA 4,.u.a 

Ajlajll si* (jl f^JUj .Li! jj^c. ULS ^ Specific Cleavage) 
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Ja3 (jx XXj_jla 4xUa lgxl£x Cxa^l aU il a ; iW’' 11 jjJasi J ^2 Jx*XxX -_lil j'i 

■2xJJtx 4xUall t>aA .a^xlall 4xlxC- L_alij| ( _ s ic. axlixa j t4xjLaj j Sanger "^ptxLx” 

jajjU 4i j jjt-cJl ^ E. coli 1 :jn<: (jx ^ ^'y> . .^’l DNA It a jxL (ajjjl a jaa ^ tr- 

s-illS DNA— j 4la£x y^a. Klenow Fragment a_sjjJ£ CAU 

at I ja Jlx*xJ ^Jt j»jjjVt I A jAj LaS .saA j <laa>. jx (jj£x (Template) 

2- ^txll (_Jc- jVI A.a^ajVix J-^Ky) 4 j. * i 1 nr. 1 4 j^,mj,'Kji' 

(jUja ^ jL la aia j;p Jla l^lgxA. Jl SiLaJ (Deoxynucleotides 

2,3 _ \:>'j.: K ^j-Ajaa Ja) cxlliillj jjajll (jx 

Jjxll J A. ax^a a£iia jA-Vl IA ji Laj . (dideoxynucleotide 

4 " V'.ol j ajxlall 4xLaC. i_a3jj Jl (_£ajj (^xL-All aaa) 4AuLall J 4_J_xajl jla 3 

JjA. .(Chain elongation) 4ixUl JaJaa 4 xLc. Aa jh a jA aU jalfi jaj 4iLjal 

CxlaajJI J£ ^g2 Jc.liall 4xlaj 4_Ia2a Jixj 2-la-a Jtlij (jatx J) ^laa>x 4Xxlaxll Jc-lia 
jA Jc.Uxll (jalx jjfLa Jlxltx Cajxlall JjA. j x Jc.Uxll jalx JjJaa J - jA"' jit 

DNA It Jl Jtt .' Jc-Uall J"'x ' . Jc.Uill J 4jtXaxaxll CxlaajJI j£ J 4xUj 

J 1 . a^ 4jlxxXaxl JaaXJ ®^lj Alia, la jjSL) jl A: Vj t 4x.La.ha lUIxxSI al^jxll 

‘dCTP tdATP ytj) cxUaaJll -LuLU aUjUS jJI cxlA ja. jx 1 _jjt 4 j«x J a_j^.j 
■UxjYI CjlliJyaJt cdli (_5^a.t (jj^J .a^jxlal] 4x1 jVt atjxlt ^A j (dTTP ‘dGTP 
xxajlxt 4jLJjt (Jc.li!ilt (_jxaj < 1 1 _>=».t ^aJJ .(a- S -d ATP tjllx ^JXQ ' Ca ^Jax ^X 

^1 jjVt (jx 4xlc- cjlxxaj xj^aji (j£ jjt V] c^aJ^jVtj at ^jxlt (jxaj i£ 

tddATP ^a j) 2,3-dideoxynucleotide aalxjjK jjj ^a ^la jx AxjVt 
aaajaKjxia 4xjlLa Jala j£ Jh cillaj cddNTP J (ddTTP ^ddGTP tddCTP 
o^jxiall Jc.Ua (jla 4x>xx>xxa ddNTP j dNTP jAjl 4xaxa jjSj Ixaac. .(_£al*JI 
(_)Uj 1^1 xxVia. ' ^-V'-a (ddNTP ^rLaajt 4 X Ml) 4laxLxlt ^axal jx J£ a U jll 

^ijxa ft j A'tt xlaaajj aixaaa. 3 xjjJalt ^ i. ot'-a'’' Laaaa (Jc-Uall Jala) 5’ i—ajlall 
ext a CxV aaUt J. adla a^ix .^ax£^aa (_^talt jj- 0 oac-Uit 4xa J^a ^xt^axc- 
^alaj^ll (jjA^)!! 4 UiJ ji (4jtxjVt xxaalxVt j jx aaa,tj J£ ^ji) 4 al“'4. ^’1 J| jjaVt 

j'waAV .aa*Ua aaxaljSt (jx (Denaturing polyacrylamide gel) J-U-a ^Na 
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(Autoradiography) pig-U ^IhSI ^1*431 jjj^aiSI 44 <LUI CLud 

* * 

4j<Ja3 Ig. l.a aHalj J£ JlLaj (Baild) ^jic. '3 4 jl 4I ^gjfc 4_kla^)xl 

.(10.4 (JSjiil) (_5ji.V I (jc. IgJjlaJ <diao DNA 

cimi-i (jLlaj ^Ic. DNA 31 ■d.uilui £_ijLA4 CuiL&ll AalaSI (j! 

(Automation of DNA <LuLd3 C*-ij^ (a 1 «j!) CJi Cilij jjjki J! *14*31 
44 <^31 4 lba J j]| J JfLiS! jjjij J!>U. (> Sli Jl 45 .Sequencing) 

J <LaLa3l (Jftliij (j-a CaiU3l ( *Jaa3l (jfr L_Li£3l Ll&aJ ^ 1^1 o^allSI l — slid] Ig-d 

^ ojjail^a (jSLuall jj-o ^_uA ciua. (Real time) cia^SI 

JLastluil (_ya Vhj (j!4aj]l (Capillary) jW^- 

(jl jlLi DNA — S3 ^Jaa J-'Casj ajjallxaSI Ofljsll 4^ .^jliSI ^gX-ly-llll JJjju^allSI j 
nc .1 jail lunai (jlLaVlj A 4LjiaSI oA_i .(Fluorescent dye) Ci^j ^4 
Jc. 0 jtliSI Ai j (Hal j (Jc-lij J She. la i_a3l (jc. 1^3 jJa JiL V duiLu J 

I g~'i » n^i ^ Ojjoilaa l_ljjula3l 




Ai-Iui JfrliU jiu <> * ja! (autoradiograph) 4 jj|3 4jc.U4i :10.4 J£~Ci 

sj^lJI i jlc S-iajiLail Sanger "jiim 11 4iijla JluLLuL DNA 11 MujjjjjI^j^S ■i&ljill 

flu G j T j C j A jjjVI iul ja*0i ciiAui .(Sanger chain termination method) 
=T njjjljS' =G . tjiuij.nl < ii — C . (jjuj) —A ) 4_u£- SjaLII di&Sjj ^jll AujJSjiiil ^Ic 

.Jc-lili! 4auli£ sjjua Juuluull jluull J\ j^iai .(^jxulj 
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Site-directed mutagenesis Sjilafl 10.4.4 

Jjj jJ^jJI {JjaiLujj ^^3 q Z. a JjC. "^5 jjA A^_^. _JI 6 jUI" 

A_i3lx3 (Jj\Vi a Jla3l (j-o Jj^aflSI tDNA SI (j-° JW<q £3 j-o ^3 

(jJaxJ (JljjLluiV 4^3 j-<J A_g_^,j-a3l a jlaSI (JLa.xJ.inl ^aJJ (JllLa3l (Jj±uj Jc< .A^jU jl (jjJL-a 

^aJJ . J^ajL-a^. j Igjl^L&A ^jjjai^j Ajc-I n^> CljLftj^jl ^3 A j naVl (jiaLa^VI 3>xa 

jIxj tilli 3 ju 4 ( 7/7 vitro) ^l^Jl J CjUUl DNA — 31 Jc. ciil JUI pl^J 

dJ ^3 a^jUSI ciil^iiiJI a3^)*_a 3 LjnJI (J^,lj Jl Sj3a3l JU. DNA 31 

(JL&xHuAj " Jj-a3 A^-^.j-a3l aj3a3l" Ajl£j ^.uxj . (Phenotypes) A jK hi 31 

jjjju Jl tgjV ti!3i j t<. q.JI ci!3j Jl J J a_iaaI J£VI jjIj jjK jJj! 

Jll3 (J Ja aJC- ^)J JaJ (j-a J. JLj . A3 J^Iiui-aSl DNA 31 AluEn Jc. Jl33 j 3-la^a 

Vjl .(1 1.4 (JSjoJI (j^ La£ IJi£ aj! / n n I. ^ Jl 3 I VJ " J _J a^_^, j-a3l Sj!a3l" 
JSLj *LL3I Jc. aj 3 (J au»JL J l-a^i^JI DNA— SI (Cloning) ^Loujl 
DNA— SI Jl AiUjal .(4.5.4 s JA3I) Ai^L^SI ajL^ a3jJI 
a-ajLLo t jc. (Jjjjoua (Markers) (jjiAuilj jj* Jc- (J§UJI <_£jiaj 4*. ogLn^S I 

.aAaJ j AjAmlS jjj aJc-lS J.\runL aIiSaxj ^aJ (jjjjj-a3l (JjJA .1^.1 .Ajjj^JI CjI jl 

[^jL jL J£ jjj j < 3 * 3 JI £_* aJjJI ^jlJ . 11 * JL3I (Annealing) ^U^ll ^L 
Jj 3 aJlC-lllI Jj-a ^3 Vj) Jl jJI J j-a3l ^3 <. V^LnxaSI (j;ijl £-a ^ V'llj (JjVI 4 (Jc.Uj 3 I 
^3 (*6 J3a3l J j-g) (Jin* ^31 Ja^xaSI J j-a3l £-a ^jlill I a\u .(Jhyu.VI jl Jjj^JI 
A.^.J^.x^a (_£^kl_J A_2k-j^.A^a3l ^)4C. 0 Jc>li3l (JIjiLail aJJ c" J ixtVI A^ojILq 

6 ^a L ^J>jl A3L»Jal 3 ] * ^3 * J.^H 3j3j*^J.^VI ^CajlLo Ai.}3aj 0 jljtllujl ( JI 

(DNA ligase) DNA— 31 J^3 J j (DNA Polymerase) DNA— 31 
^aJC- (j-o (jja^j ^Jc- IJj-^ 3 ^LiJI -llxiJ^JI i £ . A La^xJI A-S-lJI ^JUn") Jl 
^ajLjjj) ( Jjjamx VI a^ajILa J JjVI t (Mismatch) lUI^aJI 

6 ^)Ala 3 l JU.jI ^Jj (_^ 3 jJjjjj) C— flJ^_ixu^ 3 l ( 3 JI ^3 JUiSI J (ULAjoi a jaJI Aj JJ a 

J) ((Jl^^l Cy* (jj 1 ^ (J-ol^) aa-oJAJI (J^jj .(ikJI J _JI ^3 AjjSInxASI 

Cjjj-a3I I JA j 4 6 Jla i t inuj 4(Jlx3 jJC- miltS Cljli E. coli AAiJa-c IjjilSj 

Mismatch repair ) DNA— SI J Aiol£lo3l CjVjJI ^L3^ J lS^ 
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dlli (j-a ^a-lC- (J-oL^JI .lixa^£xlJ! Aic-Ljaxi ^aJJ Jtlllj . (syStCIIl 

(JJAA .1^.1 ( Jxal^ill t^\ (jj-lJ (j-o 

^ jV 1 t(Jc.lia3l ^Jjlj AJajail^J LgJL^jj ^aJ ^lill) 

(jjAA .1^.1 ^ic. Clmll 4 j\A\1 (J^Vl AlI^JI ^aLudkjl Aic. .^-JolLoiVI (J^jLLa-o 

(j-o 0 J j.uLixi]i S^iJnll ^ic. <_£ JJ^J L£xl^Jl ^.laijl ^aJJ ^aJ t .lixa j^LJI (j-o 

3j\j*-Luil ^1) o^ilall dlj.1^. j] jl ^jA^jm±ia V I AsLjal (Jvl^ 

. 1 Axi jliLa dj^J ^xi JaLalj 




CjI jUafl Jlijj ^jj .(site-directed mutation) jS>*] £il jUall : 1 1 .4 JiuJI 

cjjj-«JI J-4^j ^jIa! Jxaj^L (anneal) ^vi\j d t id jd£ jd jid ji ^ 3 iwdl 

JLuaijI ( ad Jxaj^LB li£j E. COM Jxj . Adldl A^ll ^jj # / a ^**‘ '* A ^ 

tlilil ^jj j»j .fluAItfl (j^i 4 ajUJ 1 AjjiJI ( _ J J*aVI JiaJiUil (jfr ajiiail J^ali lwj5U]| 
U-''-“ , '-. l '*‘^' 4-ajlAa JaLuiji AjjU 1«I fUj 5 Jhl\ J^>b. 



179 



c ' jL£>Laj 5.4 



Cloning Vectors and Libraries 

e-^j^ Cf- " a J-^ j>a (Cloning vector) SijlSJl J J3U 

Ljjj£j11 Jib L-ac.ljJa.Jl qa A ‘iCaj JjViaSI DNA SI Ja^j DNA 

ill 1 Ag ^jUa,y \jy& Jj^aSI DNA Slj JsLiJI DNA SI (j] . AajjjaAll 

jjSlall DNA— SI (Ligase) <j~al (Covalent) 1J jj 

jj V :Vjl i^a j Jil^ll AjjjjLuiI CjI ^jjI dSI-iA .(3.4.4 O^aall ^lajl) ULLjj 

Jj_^j AjSaC. J!>Li iLg-ui <9JjJa-oSI Lj^)jj£JI ^Jj JiiLiJI Jlijj (j! 

(In ^Ujll jjj 3 l_£Uj JSUII L_LJij JXk ^ jl (Transformation) 

Sj^SI c> JSU1 S jj V :Uj 1 j $ (Infection) ^ jJc- JjaJ j vitro packaging) 

^a^uj Aic.\ aJia ) Ja.n^o ^)JC. J^^j A^jjJa-oll IjjjjSJI Jib <ic>l Ji&Sl ^Jc. 
# > 
iliillj .AiuuJ 200 50 (j;U 0 jl jjj ^cjjJ JJc. Aic. LjajJI 0JJJ J‘ t LjjjjSoll 

^Saaj ^liSI) fiJJiiA CjIajJjIj ^JaklS ^jl^A ^ja Jj V 

Jj^aj l^Illajjjl ^J (JjiaJ 4 ijx a A kks~i ^Ic. (_£ (jl * V :Uulj .(Ukb DNA-St 
^■LujjjVI ^iLxSl jhn . JSUSI j)A Ai-uij Jc. (_£ jlij ^^HSI 4qjjJaA,Sl A.j.\iSI jliiil j 
L_ac.l_Jajj ^jSI ^iLJI j Jja jibll Jia Ajt-uJall ^^9 SJj^^a DNA JlAllJa. j)A 
a jjj£ ^l^jl ^)J^Jaj JiiSj . 4 ^JxJiaSI 4 Jill ^^jjj^aj^)£ L_ac.Ljaj (jc. JaljiA J£jaj 

. JjAb AxJ J^)Jjjj La£ tAj-ali jjbnljll (JjIa^HIaSI j)A 



fUfl JLajlLu£U A-jjjAj^Li| JSI jISI 1.5.4 

General purpose plasmid vectors 

(jA 6_jjar ^JaS ^1 »n*nV ^l*JI JIajUjuj^jU AjJia^AjSI Jsl _^ill C U<i>n 

aA JajS .<ii^ua <*[<<> E.coli JLwiuiL tills j 10 kbp jjLjj V DNA SI 

JiUll t g jtj (JiJ ^iSI l At 2. SI frlilil ^jj t Jjj'-”' Ajlauu 4.q - u>a J aSl 4 Ja) jj]| 

(Vector-based JaUll ^ j^ll ajjj^JI eiibLjaJI Lsjl L» Lij>« (_>uLul 
u«1Ua ^USI JLuCkoNl ^ a JI cjjjiaJI iu,jbUll .antibiotic resitance gene) 
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Multiple ji MCS jl sav«. :\A\ a — j ALil ^il jx) L_1 ui^. 

^Sl 5j^)li!Lo ja~\a (jc* s^)l jc- c^j ‘donning site 
(Jj'a'i^'l DNA SI (jjxalj (Jsljll ^Aad JxxLxj ((JALAI (_gA Sjj£jx ^yc.) 

AylaC. (J^xaJ ^lAaj ^Ac. f4*AI JlxxlAU Axxaxaxll CLlI JLIx jNJI (_J j'W' 

Aj^)&Ua Aii^a Jylaxj ^^Ac. alij cA]Aj 4 J ykix DNA <_gAc. (_£j!LCi ^glll A jN \l (jxayixuj 

L Lj.'uJ a.x3vA I jALi Cy*j -J jLxAl DNA II ^ ■ -L * v- | ^ a .','M i a \^ . j 

<— a jJall jjx a-peptide — 11 ijk3 Jx^y <ja 1I (Lac Z’) "Z’ AlY" Ajjjx ^Uij 
P- ) jjIalu: jjSLK-p J Jjkj ^yjyV (N-terminus) ^A^jjAAI 

^ t> (Peptide) ^LlAI IA& aLu j) .E-coli Ljy&A (galactosidase 

^Ac. aj^>La j tLuj-a a N 11 Ly^.jx (Inactive) LLaLi. Lyjjl (JALill 

(P~ p ^yjj| AaLxA tj.a.aj AIL* A -v <Y\W _i .AiyAaxll A A A. 'I 

(jjiil frlijj SjLo ^k- ajj^S JNi. (> ails; j£xj ^All glactosidase) 
5-5bromo-4chloro- ^ aa^L jjc. Ay]j six jx (Blue chromophore) 
Iaa DNA AjdaS (jxxd (j) .X-gal IjL^iiJ j 3indolyl P-galactoside 

p. t->;. : o"i ^ixj ^tjlljj tAjjj^j j»ixj ot-peptide A ^iidl (jyaJI ^ JALAI 

gjjlAill pyA! jLLl J] X-gal aJ jVl slxll i -iiiJ La I Ala .glactosidase 
^^jAc. JLj IA& ce-tijj LjLSj ejl^yuCLax j^jAc. Lila c(Agar jlc-l) AyjliljV! 

CjI^>x*1xx]I CulS IA) Lai c(Ay.Ljj a-peptide j) ^1) J jAia DNA ^ 
• ft-peptide eiijjx yxAa AAjiia DNA A.». Aia j ay. j ( _ s Ac. JJa laya jjl]l a taman 




Alxyalxll tA'L w\l CliLa^lLa]! jjx JuAjtAI ^A I A a_LAL]l A L'i Jxxum ; 

jaLAI (JLutlaoVi CllLayliLa jASi (j-a .aLxiAJ jl aL j j A_uajjj3 ^jliuxa ^Al jj ^A1 

.(12.4 JLAAI) pUC-AI Ax-yxy-a ^La 



JaU JjxJj£j JaU tSjjAij jX$aL» 2.5.4 
Bacteriophage and cosmid vectors 

JaL£ VLuClxil jii£Vi _^a E.coli .'' <_Lajxx]l 3. ^ A' ^aylLall (jj 

X dAlLI ^g.'Axil AyxAl Clj^yAa .VLaxLx! CllLayLixil ^y£V (jxLxVi ^^^5 L-aT-L.- A 1 ^aLc. 
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Igiaj ^ \* 1, ^1 j ; 1 0 kbp ^^ic. IgJ^Ia Jjjj DNA ^Jaa ^Laiijl ^ 4jj- 13 J] l^>^ 
48.5 kbp ( __ 5 -SI_^. Cy* A ^Jl>JI ajn's (JLgxjjojVI cJl.ij-G^£>ij 4_Sajajl^j 

aJA (ji>^i*i\**i Lo-lic- c4j.1jj jj!£ j;ij oJlC-li 12 tg-S jJa 5 4 g -yS AjjU Ul^Ial i4Vmjj 
^-gjujj . 1^-jJal .I xj 4ijjJa>JI 4 ^3 ^gMxAl ^ajn^ (Ij^jjIj ^_u-^j) (jU'n c_fll^)JaVI 

*l£t .(Cohesive ends) J (Cos Site) cos <>-aU aLISII AjjUI! JjlaVl 

cillij ^ jn-y SI (j-G -Ja ^>JC. C!j1 (Jlikjj ^aJ A (jSLill ^)J_^laj 4 _iLgC. 

^)jjanSI 4 -yjn 4_l£j J^gSI DNA II (j-G ^>^1 4-xlaal (JL^-gII ^Lai3V 

A ^iLdl (jl L&jj .23 kbp Jj S-g-Saj J j-gII DNA — SI 4* 3-^ J^Ia 

^jjjxia^ Ij^LaJ ^3 jJJ (jl (j£-g-g]I (j-o 4jli ^AijjJa-dl 4 jS-y II AjL-al Jxj ^_jjl.JI (J^/JI 
£-la3 £3 j-oj (JS J).M'nj ^Ac- (JS t^jjaijl ^)^Pj (j^l l^p t ^jjjL-^aii-o 

DNA SI 4j«_Ia3 ^3^)]a (jL^allj ^amij Lg t^a.VI (jC- c. qVi^^g Aj^t^vsSI Cjl-GJ^jjVlj 

A ^iLoll ^ j’n->i Ljj/^iSI (jl .(13.4 (J£joJI^ ^jc-ljill (jj^A £-g AS jV^SI 
A > j.1)^ (Jjg nn C — fl^_j DNA IS t — QjSiM ^aUaj ^aJ tA-iSS-xiSI 

. 4.fljjJa.A.SI Al 4 jS^kSI ^1 l_i^j^Lg]I 




j3l^JI Aljtc ^1 ^.aVh ^Ul pUC19 ^bJI JLgxIuj^U J3lill : 1 2 . 4 JUJI 

Aa&3 >VI 4^1 jil t aHaj gljji J&w pUC Ac. jaya ^ j3l^JI fj^uaj . pUC 
cJ ji Ajj^aaJ! ujLgjjjV) ^, *> 1 ) MCS -Jl j-Ja. aUJI (opposite orientation) ^lijuL 
jl ttal j-g cjjAtaJVI 4^L j^uaL (jl JjllJI DNA_J ^auJ JJAj 3 (JSUI Si^^il j3l j^JI 
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A-a j ULa LacZ ^-uJ! j-ajj . LacZ tiijj-aJ! jt-uJ dlauV Lua£U-a 

CjLaj j^a .^uall SI^jI ^Jl (OH) uic-Uaj]! dijj-a ^ic- j (AP R ) 

. A-aajH! Uju A,ji.u>Vl ^al_A^V' J-ualuu ^)jUj La£ tS jui-uaj dj-u£ 4.nj.a 



(j-i j di ij> «uj uUiA 




oUli 

ifrli*]! J ^jLu& 



DNA f>j 



Uiu 



Alaj OlLi 



>*)VI >iL !1 J>!l 



(jjjVI £1 >1 jjjVl ,aViLH J >11 



L# lauJI AjklaJI j j^ujVI j ija jVI £3jill (jjjj X gul£ » >jaJ ^ la ■ « j « Akjjii : 1 3 . 4 JUJI 

A ^LuuWI JaU iy> iiiLjS JS! 

^LuNI ^iLJI jjj Cosmid Vector JU1I £-*h 

JUSI ^glUll CjLuUJ ( j! iu’ViVI j ASC.Ujsuallj ^LuiiNI ASjg >h ^yaj Al.ll^jS)USI 
a jjj£ ClAjjja. Jj jjc- Ajj-i3j AAbJa-all Ujil&US J j>.lS! J AlSlatSI $.li£il A^aai 

COS I— ilJaVl All) iju A .li^sJU ^^ic- JUSI -liasjjSLSI (_£ jUa_i .DNA SI <_> 

AiL&*Uj (j-a COS — SI ^1 ja Jj^aj J-aJ A ^jil=a L>° 4 J-alS aLUSI (COS Site) 
AlilSLaj lilSj ^ '"* I A ^l-alS a ,Wia.*.nll (jfl vitTO ) ^L^JI i tiliall AajJa ^_yiS LU 

E. Ali> JJj Jj Jjl 3 'g ^ ASjii^ DNA A*_Sa3 £a 4 JUSI (J JaJ 

AjlS^aU Ja 5 kbp JUSI j JSl ^>-s J Laj . AiUJuJil a q u^,all coli 

i — liiiu Jb«_i .kbp 47 J 32 (jJJ SJJa ^j! Jj AS Jiai DNA A*Ja3 Jl i?'l > >il 
Jab ^1 a S l>aJ ^ (m vitro jSI ^ jjja JaliSI i^jjill 

l—kc-U^ajll AlLaC. liuj Lj>jl^ Si>lj ^aJ iA, I jl£ j] La^ S-JJJ^SI 



. Aia jvLAS l ar.l . Will aLiLi j (JLaxllullj 



AjcUSa^al AjjxHj CiLa 3 . 5.4 

Bacterial artificial chromosomes 



^ la’i n*a ipBAC Sa_A^) AjC. 1 '}->> A AljJJ^J CllLajjai ^aJ 
^\a*.a\ .(50 kbp <j-a DNA ^-Saa ^Loujl J^.i (j^ (iwjMj p — SI 

JUS! IAa ^2 t E. coli -1! J a^^UI F ^aJiUS' l£lki! BAC JUS! 
oJlaa.!j 4 vai jjij .300 kbp J] J^aJ Jia oj^ DNA Aatia J>j ,Jc. ojASI 
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pBAC (j-a jAI 4 iold=ua £iaJ l1u=>. tLj nAl l pBACS f -» Jil - al l (j-o 

^ajIJJvtl 4 jjj>a dll A a a-Lill pBAC SI ^aCVniil j^aJ . Aldatl 4 ] A 11 (_>uaj 

(J ^ui j ^ JA£ 4 _^lc- (Clones) (JjLuuII j^ 4 c. j-a-s-a jWi d n% ^ jjN ill 
. JaUL <L^L j (Overlapping) ALkld-a DNA— Jl <> 

Special purpose vectors ^uaU (_«IjaV Jal^j 4.5.4 

j^ J 1 . 1 E. jJjlaJ ^aJ Aa i ILL..: IgdajC. ^^IlSI Jal jjll Jl JildaLfL 

■ y ■ dO - ^Jj La I g i.a j£L) (Halida “da Li. < il-lAJ djLa^JLoll 

Expression vector 4 jjjjju 1I Jaljill 

c Lj| J dn-. j ta. a.lg.'ua^ jyj jJdaj (Jlc. ^tijl L_ s.}£J JSI jjll oA a” i-a-aa-o 
^ jill I A ^a . dAJI ^a jjjjjJI ^ ^ j^a 40 % ^^Jl J ■ d Cllc. diij jjjjjJ! 

l$ja (Affinity tag) dlfcll CAlc. jl jAya Aildl die. J (dLayiLall) Jal jjll j* 
(Affinity i—illill Aal y. jj y jJ LL jlill jjj jjJl Jjc. dlac. Jg_d 
yidAj 4JUII J dajNj J-J Jc. jAjdll Jal jj did .chromatography) 
ij jail (T 7 RNA polymerase) T 7 jiLa j* RNA—ll ayah ^jjl jdill JLU. 

jljj j ■ '"1 ya ^a L a v ,d. ■ . dll jjj. 11 j-a- jl yj-A Jj . L>i< >.11 ^daldllj 

RNA—ll jail iajldall JaJjoull J\ iT 7 jA j* Jaid AhJ (Downstream) 
Ribosome binding ^ jjjjII JLaI ja y) Coa-jill j (RNA Promoter) 
jaa duj lg-a yji ja Jj£ ^ A Jad i Jill E. coli LjdL Jalill IA Jy .(site 

jajjjl jj». f* A‘n dc. .T 7 r jAll allxll RNA II oyaL ^jjil jc. Jjyaiall djjall 

1 dyw.AI jj-.ll ^-LjL 4 il-.ll A. lie- ^a ji 3 t T 7 ^ilLall ^Jl AU1I RNA II Sj-aL 

(Promoter) dl ja-all JiJ yal jll 
I JlLauj jla c_klL 'i jLLL J^da jjc. l jaaJI jA lal Al 

dllall djI^jLujj CliLo^ialxa ^aJ ciilil j . AiaAlj 4 jVi'ill j 

^ cAjjJaLa]! A \j\q\l CjI ^IjoJI ^q\**ysx>\l 

(jj.VUtl^ AjjjJ ^j-0 6^)UoVI cilljA Aj^jAxII t alliill dll^)Lall ^J±l 
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-jjjjLj jlc. (Nickel) jSdilL -Wijj Ls> jjAi ( 6 xHis J Histidine) 
(jjjjU ijlc. (^ill (Glutathione-S-Transferase) JjI jA^l jj-S 

(Resin) "ajsJjjI J sjLu (jjjjd jlill Nia) ligand — It ^ .(Glutathione) 

4 ejliiijjdt ^ . (^AIjc-jALa ^ j^slc- (_gi jUjill -LLIS jjc- 

.(14.4 Jlill) S^jLAiLj v i . s. l ^Ac. jlaj ^ All 

ejliuj^jdl J£ Loiu a oY"w,'^\t (jjjjjjIL ^Ijc-jjLo j 

(J ^ys t "'5 La Elution L detail a Og*i..n'\l jjjj j^>llt ^t^jV',,1 

4jjLl«j£ -LLjAij (jjjjjdl ijM i—aiult SjUit AJ jl lillA ^aj . i_J jjjl Uaj 4.1.1c- 

.(Protease) jii jjdl ^ jjl Jc-Uu J 




Glutathione-S-Transferase ) Jjljiuul Jta*lu,l :14.4 Jiill 
N {j . a GST ^a I laJLa qu j j4t ^ -u4jj4t AjIjj ^ _iilj SjLilS ((GST 
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jja > .GST jjjjjjjl! A ajlaSI - ; ; ' ^ ''' Jiajj jj ' ju ,(N— terminus) 

Sepharose ) jjjjlj jlc- AjSc- jjjiuJ! jj j^j£- jj& ^jliJI jj jsjU 

^ jaj j jjjjLijSc. j GST (ju JL^jV! J4aij (_$S*j .(Glutathione 

jjfr Jjj*JI j- 4 1 (jjj j jjJI JplSal ^jj i J jjxIS 4 JajjjjL m J^ufr AjaC. J*j . ljLLu jjjS 

.GST SI (jc jjjjjjl ^iSI .Protease jjj jjl JjKI ^jjjl JLmlLuiIj o jL^VI jias 



Secretion vectors 



AjjljSVl Jflljill 



^cjiia]l jjj f j£U i_J jjjLall jjj jjjl ^tjjj A-aJajl j jl 

(Protein cjli£jjjj]l Jj£j jl ^lisVI ^ jSiuu (jjaii. . _ nn; L» li& .ajIaII jA.lj 

& s 

jl^aa Jtilljj (Proteolysis) l$ila4 jl (j^uull aggregation) 

CiUj)» ..nil oi& jjUei ljlii.1 jSLoj .(4.9.4 ojaill) Lulgj jijjjjl] JaLuoll 

L>° V-4 .Ajljjl ^ jLi. ^gjI^aJI li>. i jll ojjjjjs jJJj^jjll jl jjj jjjjia jc- 

jjjj^jill L-ilaiill jjfLj ^^Ac-I jjSijJJ j»^ljAJ (jl A] ^Ijj lillijj .1 g lAl J A-afiljj 
jj -4 ^ ^^jJkjljAJI ^gjljlill 1 ~»>>ijH jJJj^J^I jljil jj j£Lajl]j . 1 "\J"\ wsy ' 
tsijj ^ J-Tvjij .A ilAll jjUjllLuJI eLjudl J ja. J-4I jljflVI jlg^ jjll A gj-s Jj 

ojLail j)jjjj4l Vill (jJ) iS^^. (_s^l! (15.4 J5.4I) jl^sVI jslj JLa*jujl 

N i_a jL (jic. imjj ijLil ^l (N-terminus) N i-ajL jljaVI 

jl$*. j^j (j4 jj4I aj^ jjj SjUsVI ojb ^ j£ .(N-terminal Signal peptide) 

^jc. .^jjUjijLdl ^Liill (jlc. j j*. jJI (translocase) jJljl^ljj jljaVI 

J^gic. (J^il -s |»jjjl A 1-1 ml Jj OjUiyi Jjl^4 A ll-sll (jj (jjjj^)j]| ^JJ^, 

• signal peptidase a-^I ^ jLkJl ^.jUJI ^J=udl 

Shuttle or bifunctional vectors AiJajll ^ilij jl ^jLdl JSlill 

1^j 3 ^Lailsl ( »^jLdl ^)JjlaJj Ajj jjjaJI Alii jjll ^Ic. ^k ^jjjJI ^^Sj 3I jl 

Sf.li^]| j^lj • AjJg •> ^11 CLlljjlSJI jj £_J J i—ijia Aic. ^jn-sllj L;JC.jtj]l jiLol a_jlfll 

Ha 

AuIaxJ AidJuJal! A-illxi]! jl 

»^1 xiU4^U AJaJjaj J AijjJa-o A.i\,^kS E. COll Ij^jjiSLi (JLaxILuj! 
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I 'ar.l , Will Jalijj JJ a n ^dil 4_illaj]l 4_uljjj 4_i£ j£_dl ill! xgMdl tJx»..U,il.1 

(jjl£ll j E. coli— II yi <ll*ill (Replication origins) 

•ijoa ejlj dildxj!li cdld&l I ^ .(Target microorganism) i_s:i$dxdl 

f-lllS l^JlxaUxul ^aJj 4j Jg dl dlUjl£]l £p_jjl - i - £ ' l— SC-Liajll ^S. 

. A_l£>j)^dl dll .llx j£)lJI (_jx Al-lda. (JLld 

JjLa^li JflUilj AJiaJI Ajjld JSljjJl 
Single-stranded phage and phagemid vectors 

dll ' V- 4_xaldj d \ ' -n DNA (Jlxjdxl liLid ^^dalid 

(Oligonucleotide-directed ip jp A jid J JLudxli ^ jd jdl dil jikil 
Jal ail diU^ddl jx as. jj Ad (Messing) "pyp 1 p .mutagenesis) 
(J .E. coli ' dc. (jxaldll a i w i' ^-Adjl ]VT 1 3 ^!ildl ^jx Id/Uaij 

■cLix (sj^dxil ^LdliVI ^1 jx) MCS 51 M13 ^xixll (jx mp as. jx^x 

jlaix jjS'i/ld p ^jiV Jxldl (a-peptide) a dddl jc. a! jjxxll i jidJI 
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4JIj ( JjILjJI DNA II (3^) J-4 j^Jaj jtj&t 4aL ^jfen (c_i) . ^ jlaJI 

JjaIaII DNA—ll j om jljS) JSU (^) . JjIaII .limll ( jc- J^luoll Sja£Lw 

jUaVi ^ tilljj (o^JiLua LgJ ULS) S jLuil j-4 l^a^ia t fl.ifl'ua.att qjlIjjA] ^jc- 

.(in-frame) S^jHi 

^ Aa DNA £-« ^ ^ill 4 UAj -(P-galactosidase) 

* > 

C_UJ-£SJ j .(1.5.4 0 jaall) s-L-saJJ jl Aijj A_i»j jjjill A -\jq.Al (j_jl 

F <3^ E. coli II ty& aN5Luj Ml 3 II 3- 0 4 ^'1 .All cjLa^aLall aj. ^ 

^ Jalill JLa*3uil .(F pilus) F ^y I g > l-» > « ( _ s i& AjIjj*a AlLA ( ^i5l 
.(Replicative) Aid-Aa-all JjUJI (dsDNA) aJaJI ^lii aIsLAj <j jKII aLLc. 

£$ja J&- (Phagemid or Phasmid) A^jlill J -ii^liil y y^ 

I# sjIc- t(16.4 J1AII) <taJI ^L1 (Replication origin) Ai& lAaJI 
A-jaal .allj E. coli AjiALj fji& .Ml 3 ^liLall £-a AjLAill .IklAII fl jS^lLa (jj£Lj 
i—ic-lAaJ «. Aj JaAiij dsDNA Aj-laJI ^lij (J£Aj ..Ijasvlill LS lc- 

AjAAJI <-\\uA I a I (j£lj (> jjAUII (Replication origin) 

fl (Replication origin) AiclAsuJ! c.± ^ly» jli fl j&Lui3I 
aJa^AI ^aU. 1 DNA ^lAV aac.La=uJI yijb A _jlm ^11 ^liLall j j Vn Aii^j 
.aALlII ->g*il<t\l AjIIjA?. a ^sjj c^AI ssDNA 




.aJaAI ^jLaS DNA jjiuA (A ac-Iou J5L JSU y pBluescript Au^lill : 16-4 JSAJ1 
f-Ai jijji jiaj A lA .(fl helper) j&lua fl «< ij <rali y& AjjAJI LiliJI AjAA Aj 
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. b j.u£ Jl £jIa i J^Iaj Aialxj S-IaI j AJAa jJ DNA jtlLj fl i ac.1 

^jj£j (jl t ac. tt 4_iLaxi ^uuii ( — ) j (+) L»a j pBluescript jjaaIaII qa ^jlc- jj 
(complementary) aIaI^I aJ-iaII ^1 (-) ja jj .uiUalt ^jaVI ^ J 4J-** ^ 

1£ja»a jJL . AJ A.LIL&1I jaVI aJ-iaJI ^Jl (+) SjLuij j-ajj Luoj c RN A 11 

aJoujIjj ^ DNA J ^^a! jc-uJ ciuAj MCS— Jl ^jJa "^"7 j T3 

A-4jILj Jjjj-a jc-Luij . (NTP) Ajjjj^JI A-JjVI jIjaIIj laujLLJI RN A II Sja L ^jjjI JLaxIujI 

jljiiyil ^jJc- aJo^IaaII i&Luu La£ tjSUll ^Jc- ^jJaj ^Jll LjjJLJI filial ^Jc- ^jalo^m^VI 
.Aic-Ua^ll ?±i x*ja ^Jl origin \\ jj-uu .E. coli AuIa ^Alill 



Integration vectors 



JaLLlI CjHiU 



LjnAll ^ jjoj _y a j Li£ j! La ji. -aWlI djLa^jLall oaA C \AAi<n 

^Luiljl l^-U - A aV'-S ■■ J L^aLa. 4_j C jLuiI^J ^L lajLa^jLall aAA J-aa.'In.ii.t . 4 a n ^ 



liiliS J^utiuuj 4 (Low copy number) LLia aa*j sa ija. ^Ll CjLaJI 
cjluaJI JlaLJ j (Insertion mutation) CuLail <tLN 

(jj£j jl L«l 4 (j^aLi. jjxjLL jc. ^LaaNI ( ->g'iL\ l JiLj .(Gene fusion) 

t— ac.1 4>»tll JxsL ojiL LS \c. (_jjiaj jl 44. L>>i.all ^ l_ ac-l >^'ill ^Jc. jala jjg. 

z 

<iUj j (Single or double Cross-over recombination) ^ja j* J a jL* 
j^jjlll ^Jc j JaLII DNA 11 J>..iL..ull AjLij j (jjuLaCi J 'iV'n.L 



L>ajl Jj j -o jl ^pLI Lull m-s 



(j_jiC.) ^ » bl aj i—iltoitj -tUlaC A -sj'n CjLaglLail oLa 



(Single cross-over a^iiLI ^^jJallill t-iLshll ^IL^ ^ 
(Campbell-type ^-LaiiLU " Jn^H" IuUj L^J t_a jJ ^Lli recombination) 
CiLkll (_gi JaUI s^ja. J-olL ^La^jl Ljp. 4lntegration) 

(_^jqjl •v'l.a JaLII -a JjoiLoij (jjj 4 jLuu ^La-liLH ILa Jt^>*\j . 4 qj t ><^ll 

^LaJjVI (jJjj) Jl -a’Wl jl .A il-sll ^Jc- ^Ll Jjoiluij (AjIuiJo) 

JaLII ^-a A (u><^ll A jAll _^aj c_±a.jjj ja tillJ 4(j^J.I ^Jl A u>i-a j-a 4. at'vSj 

J 

jAU .. , iLi».') 4tilla j^a j^-a'tll .^LaajVI Jj|t^>*s ^ 1 1 >nj ’iajac. JLa-J 

jc. 1 ^j 3 ^Laajyi < _ s Lll a il-sll p.la!ij| tilla a* j .JaLII 4_ic.Laa!L ojl^^. 



189 



^1] AiUiaVl-j cJSLill a ac.1 V A^.ji ^5] A^p 

A-g jILJI Ajladt <j^Sj L-flj^lal! &U (^ . Jaxu ^11 ^Jj (_£ jj^ll jLk-£a-<JI 6 iljj 

^ ^iikj ^c-G-lldl JJC. JSU1I <jj ^] t^Ud^l l$-i3 ^aJ ^^jll ^A (_£ jd^JI ilda-oll 
^UijVI ^g iSliill ^jS-GJj . L kcA-dilll ^aiC- ^Jj l^)Jaj 6^)1 ^aJI cillj 

AJLLllaI (Jc-lijll (JUxIIujIj PCR 51 AjVkn 4‘Wt/i j C-J^i!a-a]l 

4(^JU1I DNA 51 3 ^) a_^. ^JU ll DNA 15 6 ^^l^k^ll ^»^uj^AJ^)S5I 

I . jL^-aI! DNA 51 a_^. j-g j ^JUll DNA 15 Jc-lij ^Ujj 

J^flt^all Jalidll CJJjujlllllj Aj All ^jjuj^g j^)S £-g (J^Lill ^LoAjI (j-Q SU.j1a5I 
a^i*j 4iUy uaa\\ jj^JI Ajlc-li a^J ^(Single cross-over recombination) 

Aj^iij (Jkljll ^3 aJj^g^^gII j A A dnJl (a^LSoaII) AjjajI VaaSI DNA 51 £_Ia3 ^ 

jjaJI jtS lijj .(Homologous fragment cloned into the vector) 

(Jx-aaJ (jh ^(Ail^lal ^lc< Ajoijl 'v'lg.11 d^Ulaull) (j-a^kiA ^1C« ^UlS (JjViaII 

• ((1) 17.4 jyi) ^jujj-gj^)S 1I ^ic- dl^j-dl <j-G (jj’iUlc. (jjd^juoj ^UdVI 
^a^ia ,^1 ^^ic. (JjajI vull (JjuJjoliI! (d^Vi a! j>Vi^ 1I DNA 51 AxJaa dutS lij^$ 

(jC- Sj^aa jj£j Aijlil! J 4 Altai SAa.lj A Adi ^-LadVI A.y,f\.\ (jjSiLaiS vJaka 

^ic. ^ jTiVi DNA 51 Aa_la3 dijtS lij Ul . ((l_j) 17.4 <JSdll) j^)Sll 

(cdljJaVl (J-G (_$! (^C* dbaiil) L k\g*d,aH lIijjaII AlAli A^dUlLa diLaiid 
. ((^) 17.4 (J^*rtll) ^ ^juj^aj^SII (j-^ a!Us a a di (_Aa^i 

(Single cross- ^jAidl ^ A kill i jdtiB a^^a'mII dVU*dAn j-g 
^ US 4 (Clean deletion) <. *\M\ 51 jSU over recombination) 

£_£ 1 Ajldc (_A-J (jl j^)S51 (j-G Ih^a (Jjail-ujj Ail J)j ^aJJ C’ n*s (18.4 JLill 

^ jjjja.j-dl j ^uiluul l ^-Laujl fjj .(Marker) 

L^UJI villi j3jj t (Transformation) J^ull ^ ^ JaUll ^ dj^dl 
^jl (jjjj 18.4 (JSjoJ! ^jl ^c.^)5tjj . j_jVi<all ^ * t-Aiill <. t n k oldlU ^UdVl t^s ^^lill 
3 <■ — fl^jiall (J>^vs j Ajli ^jli 4 A jUar 11 j ^ali ^i5l jA 5 C_fl^)Ja51 
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C> 1 U’g Uni A_iLoC- C* LdLdl c.l£ijl j .4_Jlxi]l 

JIU ^ aA*c. ^ ^U.j1j (jjjiill u^? (Excision) 

4_AaC. \_£_a 3 ^1 LdLdl plajjl .3 dll^Ial (jdj 18.4 lK d'l (jjlall 

dj c^EaLai d jLo! Ladd \ (Jsljll ^jld ^] (Deletion) 

. Jisldl J-<^j dill j V <^1! j l$-}3 ^jj ^3 LsvliJI 




(I) .A^Uda Aoiia. UJa^j ^Lad! JdU ^KlVu-uLi Jjiid! ^.atJolVilj undid! A.^jVi : 17.4 Jdutl! 

Jaldjl jSj^j 5 uijiaJ! Ajikia (ui) kldjl jij^a ja.Ju1 j <J*aldl ^id! Ja^j AjlIoB 

f Jj jJij^a OriTS .(jdutixaVl jLuxail ^jULd! (j£± =AbR .Ad^lJ AjdaS ^) 

kldjl jdj-a RBS :Sj!jaJ! 4a jd ^jLoaJI Aic-Lddl 
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(clean chromosome deletion) Ju& j^a aAoc. :18 4 JLuJI 

(negative selection System) jUiyi 3_ajliL> i jii Jaaj gUill JaU 



^ y Ulill C-ilvullill (jla t S-ilallll i—ibillill <lLiv ^^ic. J 

J) "(J^S/r — il Jl^luol J Allele replacement <_s jj*-aSI j ^ jj j«JI 

oi& jalj Lo Sale. .1 y~ig~nn.aH DNA S' (JA 6 -1^.1 J A “N a All (S»i^ill 

Via DNA (JjuJjujIij jaj^SL]^ C y* DNA (J^uLaij (Jl.i m J Ajliill 
fij .(Heterologous DNA) c/ali^A J <<iIa*A ajiL Ja^j (Homologous) 

Ajt Ja3 (jjLaiLaij]l £A (jj^LaLA (^LoAjVI Jslj (_5^) (^3 -u2jaJ 0A«i 

(aJj^JJ J|^)aJ! (jjaJl (JjaLaLJ) jl Jl,\nJ (aJJfl ^jjoija 

J ^ j .a^UJI ^ ^ ja.1 CjIjj^aj jl (Marker gene) ^JOl^A dj^J^AJ 

0aJ dlli <ja ^-^3 4^LaAjVI (Jsljj (»^ja L& ^ j-^ja <■ t \) > mIj 

.19.4 ^ (Flanking region) u^j^' u£ £ ^ J^' J^Ldll 



»lC«LaiJ J£dll A \x y j (Jjjpdll A jIaC. Jj 3 JsLill ^Ja3 a ^jj 

(jV ^ajJoi^A ^a ^jJ_ja]I ^jdalSjH LjJAajjIIIIIj Lg_i3 0A.JI ^d ^ISjjI 

^j^AJ . L ftidoA.U A_Hi A_La2i ^Jj J^A1 a]I LjJjdllillj 0A.JI aJL^. 
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(_g jL_i=uaI] ‘LajULa]! A (jljiaS (JLL^. (j-a 1 > .~iL I Jiilj]! t_jlj£. (_j-a 

.^UiiVI ^ V ^1 DNA_!t <xl=s ^ JSljll 4Ia^j 



2 ojli. j)» 

Resistance 
gene 2 



I 



L 



1 jik ^ J ! 

Resistance Insertion 

gene I gene 



Linearised vector 



, 5 j\ jail j\j $ j jaA 




¥ flank 



Target gene 



1 <-»>*•.>* 
Resistance 
5' flank gene I 



, 1 



Insertion 

gene 



¥ flank 



Double cross-over) Jljjiutf :19-4 Jtill 

(recombintion for allele replacement recombination 



Genomic and gene libraries 0^' 5.5.4 

4j_jjiLa (Clones) JjLoij C_jA3u a (jc. 0 jLiC. 'I <ii5La]l 

* * 

La! 

Ax 3^ cj_j^ (Probability) aJLul&II (jli a_i1a*JI 4-i^.Li]! 

oAl u' lA U^-^J (jJsua jja. j!) c> 

Ajj! j-uiaJI <jj! jpoiC. Aaj^iaj CljLnfs^H ^cjjj . %95 ^)J^I (JLaiflh V 1 

^ jj <jjI DNA ^La j (jjjL jc. (^1 t (Shotgun cloning) 

> 

La£ . ^-aJ^jl jl AjfLijl^La AJL^IaJ A_4^1 ^juaxII ^xJaall <^IL i (Jalj 

^ jui^» 'I l^.r^jon DNA SI £-5^3 -liljj qC> ClA.i*i5La51 ^jAiJaakJ 

jj (Reverse transcriptase) ^^*11 ^jjl 3JaJ jj 

. j.wxi ^ (j-° jl o^*-° (j-c ^ j^LoiaII Jjjuj^)]I RNA 51 



Analysis of genomes/proteomes j ^ jLaJI 6.4 

jl ^^ic. Lji&JI A,jA5 AjjI^)j]I djLa^lx-<J! SjLq 

4*3 jj Lo-o Ljji^lll CIiLq^juj <L a jjjV^ (jj . CIiLq^juj^g jjill 
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dllilij (JVLa. (j a CllLa jjxjx jj^ll <j jil A j A iFii^ JISjoiI i aLkii£l jiJ A2 j . f. Laixll 

killiS cjU ya> jjill (Physical map) kAj jjill Jail jA 
(PFGE J pulsed-field gel electrophoresis) (^aAI ^ ^Aj^lll 

•DNA— -11 <LiLi kitHij 



JSba ^ <£la, jSI/kAjoiSI .Sail jiSl / DNA— SI k-waj 1.6.4 

DNA Finger Printing/Physical mapping/Pulsed-field gel 
electrophoresis 



y Wil As- jl La (_3ySa JJjlaj ^aj 4^a (_j£l (Jaxiuiill kxul jA [JA ^jkxill <-ha 
Lo ‘1 ; j dNAx (j±s kjl^ilt ka^A aja^j <■ °y 4 'j) ^ y ;"A'" J-AjjAll 4_mll 

.As jjVI jaJc- eiLoiljj ' ;jf^i'l kjjA (jc. c_Li£ll ^ k*JL 4 jxaI <J£auj 



^aJ ^liil 4 P F G H 11 kilij dLaxjAajlj ? y-. yA j j^ll i-pljyjill <JaJ^)aJI c- LlJ 

<jfc (2000 kbp Jl kbp 30 Jjj) A £jA DNA Ai JA j kJjAi U jjjJai 

^ai jiai ojjj^SI DNA 11 jj-laal ^fLiilkixll ^iui£lill (_£Alii dA £y* j - ,'H l$-Aa*j 

_jjjl£VI ^Na (jx <li£, yjauJa UjjSjII (jx DNA II ^ I . .' 1 ^ y gjj kSj^)Ja 

in ) Aslj-z DNA— II j ^jaA kAJ Ai& j 4 (Agarose blocks) 

■illi A*J .(ija 30 ^1 10 (jx) IjaU Vj V kjj xa-. Clllxjyjl Jlxakxlj (sitll 

; 

lilli a*j jL-aj ^aj ^(Agarose) jjjl^VI ^Na ^xAj j lilh jjjl^VI kii£ Ayi 

aA .(Oscillating electric field) 4-Aiix JSa. ^Aj^l jVU. jll ^1 
(JjAxil DNA t-(_gjs. Jkl (_$jj^)aAall Clia jll ^glc. (_Ca*jll Ig.AaaJ (jc. CjlijyaJI (Jj-aS 
Jjlal US j ajxiSlI Clilijyail Ai.U t^iiiall (JiAl frUj »jkxx sl^jl 

; ciiLia-ijl yiuil saju cjUjjpJI (Alignment) >- .UaJ (jjki JliilUj 

Aaj) CiUjJp. (jaj Jj;>g“''l J) 4‘ojAlj ^Ja3 ^Sl j-a (_$jA (jjaijyjlj DNA II £-Sa3 ' g 

kLU. Ujiikj (Transformation) Jjj^ j iaH±l* Gai ciULc jx kaCili (1^1 j& 

.Lgilkjj Aaj Alii j <^jlill DNA II yJaj.' k° ^)ilai 



CIjVVLixII (jjj kaVlaJI ‘A°j\i>ll kxjx»2l AjAaij jjjiaj ^aJ 

kxJjA J (kijjVI yj)g Fi Ajal^xS) kjjUjll CjLxI jaII (jx.ia Alii j 4 f'rs xall kjj fkf I 
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. (Heterogeneity in natural populations) jljaVl 3u ‘Aubll dil&CdVl 
JjhJ! DNA jj-Lia (> j_jU' (Banding pattern) -Luljaill -kd dd*u 

3® ^-jlu 1L& JajljjoJI k-a I j . diVllLaill (jJJ 4jLujlill “Luil^pj 3 a l w >"‘Nl jj.oJ'S uni 
(Restriction fragment diLajjNL DNA— II <*-ka J CLac. 

PCR— JL >xi\l (jj jL jc. J tRFLP jl length polymorphism) 

JU*iui\j (AFLP J Amplified fragment length polymorphism) 
Randomly ) PCR— IL? ^ Aijk lP J ‘Add. Jcl£ diUiu 
ej|j Jclii diliaL (RAPD J amplified polymorphic DNA 






JjUdluU 



(AalaJl diLuujjj j£) J 4 aj 2 . 6.4 



Analysis of the proteome 



bk^SLdu j^Jill diliujjj (J.a'S -a |»_jjjj^)ill ^Jduual ^ i»J 

j ^ ^ jjalS diLj yA 3^ Aa^Aatfl 3' a 3JJ3II CL 3 i LliSu . a 

dibuadl 1 ilLu£l j jij'm II aXuiLoi \a d in ill Ldajl deLuil La£ . AijLia j 



dil M's 11 A- jaia-o 3I t(Regulons) jl dl^Aall )-> uy ->11 dil 3 dLj jdl 
dllA. j t (Regulatory proteins) luldal! 33 jJ! CudUL jjjj/l j 

«s > 

^ tSjLiVI jiij jid 3II (Stimulons) jl djidall jusdill dil 3 dLjjkil 

E. coli 11 Ljiiki dllaJ .A fij-s ^ £_a (jjlSll (Jftliij f -»_nVi ^c. Ijl JlC-Ldi 

3° diLo_jl*_a JLd (j^j . jii jjj 4400 Jlja. jiA j tMbp 4.6 ^ 



-li-ld ^aJ djlliijjJI JuLaul CijULa Coil 3 JJLi. dijA ■d' U_u 

diljju J3II 3° 33 Lai 33II Lai .djliu jjdl dllu (3° %60 ,^1 a y 4 c 

ILa 3 l^aluua Jljj V dliuill (j£lj 4“lij^)*-a JJC. dill jV ^3$ (1800 ^Ijii.) 

33J djliilS 3 AlJajll *djg •>■<'1' dlilJj^ill 3° Cijaii yi.udll (_>uii did . (jLull 

^jJLuiii. La^)llLj_j£jLa JlLa E. COll 11 p J)‘n> 3° JjA 1 jiu-al La j 1 J% dll-a’l 

•Mbp 0.58 ,ai^j ,»j 4 iv dilli (Mycoplasma genitalium) 
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jl ' j j V'-. ^ ^jjj 4-1 a£ (_jaAj3 j ^ ~' [ e -'■'> y^-a.j 

jji ^ clu^ < (Antisera) A sida* JAaJ ejja « I jj Western blotting 

A (<> jR \l jj x l$A.ljaaJ dtj) jia»J (jc. l^daaJ djliljjjdl 

(Sodium dodecyl sulphate- SDS — 1' ^ A' <> pu 

Jajj 4 SDS-PAGE— j polyacrylamide gel electrophoresis) 

(Nitrocellulose) jjlLajjiiU fr Lic. A cAjj j <> t*Uj .i*j CjUjj jjJI 
JiLo) ^ ^ ^ 'S'k.'I ^ ^ dl (jjjj^JI 1 -.y • (Nylon) yAA y 



Labeled ) ^ yxx yA AdaX jjlii ^ ^ 4 t-l L ri <Lo l£ ^ajj Al J ( oil 



.(secondary antibody 



u.v^c * cA ^yA cA ® (“A 1 jjA AJ_A JdasA Aj j tA yl 
Two-dimensional ) (j^AAH J (j^A' cA jN^-A A 

o^AA'H j ‘ (2-DP AG J polyacrylamide gel electrophoresis 
.(Mass Spectrometry) AA^' cAA cjUdjA' Aa CP < - a 2 £3l j 
IgjJaxj ^jc. 4_iiid! (j»a d^aWLaAl dllxa _f ^ |Q .' 2-DP AG 4jlsj ^-aadl 

(_5 A' iiLdj£VI (jx 4-aA (.A - JjVI el>.NLj Cjliiifmljdl jj3 V jl A .^jJaaJ 
( _ s ic- «A cjljjjjjdl Jj-aii dua. (pH gradient) 4da^odi Aje A A^ 
jja Jl Lw t (Isoelectric point) dUaJill ^jUd <Lii pi 



A (el jA (jN^A cA ^aajljll) £jJajj tdli dtj i.^ Ua*>. CjI 

jA dua. sLejS/L SDS-PAGE aWjAI' lA^A ^'a-V jA AIa 

jj£li AA A ."'I Wii'.'ilj.ill jjN^j jjJ . lg-ol>-J <- 4 uj-k dldyA 

^^0 .'./in m’i A° AAl? ajAjII JAl au>. J1A (Reproducible) 

.^c-lxall J ] ^ A A j Aki« ji tJLoailwjlj 



AjUaA] (JLojtiuilj dlGAk a-lx^ lAjjtio J AjUa-a (_A*J 

o^*j A di! Al jj uj^_i Aij j (Warping software) 

( A c cA*^ 0 b**'*-^ ji 6 ^o-oj UijA> e -n ' '* CjLlij 

j jAlgJi (j-a cA"-* j j-l AjiLi LaS . EuldtJI A] I 

Mass) A ^ 1 (JallaS Ajlijj ' ildj] 'g .^I~.a A ‘ ^jjlaaJ jiiil 
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Matrix-assisted laser Jlidl ^ <Ullc. aSaII cjIa (spcetrometry 
Electro-spray mass J MALDT-TOF - desorption/ionization 

•spectrometry 

Analysis of gene expsession <^>21 jJJ*2i2l 7.4 

(ejljJI .lac. J) Frequency aa j3l aja^ (Promoter) 

* 

J)jxm .^C-uul! £. aj CjIj^ aac. jji j Ujj (Transcription) jj-ull J^U. s>4JI 

(RNA RNA II ijAj £-a A] A A-ilLi *A. jaj U jiill ciilS^a-all 

•polymerase) 

Jjjiusj jaJ E. coli I .’j/'N (N° CjLjjjx ^3 Cjl£^)^-a2l UjlLa (_£a 2 
(TATA box) "dU (jjAi-a" (Consensus) yX-laa.1 Uula3 

U yA...; 41 •Cilaaj Cj ^ LSI (5 TAT A A3 ) A-ANI j&j 
-10 Aikidl J\ tbp 10 A 1 (Initiation site) j^aSI «.aj 4_LL (Upstream) 
-35 Alkia ^ ^JL (5TTGACA3') jil ^Ua.1 <(-10 region) 

£-a NjLoj jj£VI lULAI ja (jl ^jjjj .(-35 region) 

4 ’i . _y. ill aaUwjII yh ~ ^ ^ Aatc- ^21 AsLcbVLj All a ^jjjc.1 AjAAwilll yj A 

t * 

CljlAol JAuj .bp 17 ^ 'A'l AaUiaII ^Ija L " 1 )-• -35 AivUI j -10 AjLALall 
jjjAj A3 j tAjjj^JI UlSill A ' «-d "'1 LjjjjJa IjJ jjjxaII 

Ia$J 4 jut ...Al j ASaII “Lille. dAjAc- CaIjIaj 

J>- A' RNA— 21 JaIA 1.7.4 

Analysion of messenger RNA transcripts (mRNA) 

" (j jjjjjj A-a.^nj 11 : (Jjajijll RN A SI iJjN*'! ^ Jjjja CjNj lilliA 

Nuclease SI UUij <(7.4.4 ^Liu) ILL* CjjSa ^_ill Northern blotting 
jiiLjAll . Primer extension analysis JtlLlI ^aL JjjLj j mapping 
(Transcription initiation site) j-ull «.aj aja^cs jIaj quj^Vi 

• La dj^j^al AAlaaill RNA II 4_aa£i ^31 AjjLaAaVL 
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1^3^ 13 **^ RNA SI 333 " 33 ^ 33 ^ ‘Uu-aj" 3^*0 n 

^^* 1 ® ^^ 3^1 j (Agarose ) JJJ^' t> 3 ^ 3 3^J$^' <3^3' 
J (Urea) Ljjk J (formamide) -3«kj3 3) - - b-3 (Polyacrylamide) 
Secondary ) 33^ Uj jjjSj 3 k 3 (Denaturing) kLuk> jI j* J\ 
jj& jja 3 ) cUk ‘-sliilVI 3 ‘ 3 ^ 3 ° ^JjbJI XlaiSI 3 (structures 
(Jjji's'n (Blotting) ^ - 31 39 °k ^3351 ykc- . CI 13.331 J3 3 * ni-ii-a 

3 3 (Activated nylon) k-ik j34 c-LX 31 33' c> RNA— 51 JXU 
i_Li£ 3 3 -(Covalent cross-linking) -M jjj Akdl 3 =- 33 

JU*sJj iiik j (Hybridisation) Ljj-hll 3kJ jj RNA— II 3-0 J. W «a ^3^ 
(labeled DNA or RNA probes) RNA J DNA J 

^.Ijjl u3uio RNA SI lU^ 3 ) 3 !^ juwM .RNA SI 3 -a ^ 1 *-$ ^ 3 ^ ^djaiLau ^2 

c> 3 jSij ^1 (Molecular size markers) ^ j^JI J 3 UI CjI jA)* <-iL*1I 

(JjJa < 2331-0 3 I .^ajLi-o JjJa Cjli L^ 33 ^l 3 ^ 2 la^JI 3-0 ^kja- 

. g-i.u.lSI oAa.j jl cjj_jkl a ;K )>> (_j c. ojua. ’iyk 3k«-j RNA 51 

33 (Primer extension) ts3 33^ j Nuclease SI 3^ Ul 

eiiX_jjjdikl jl (J_jjoi 35 RNA 51 Cjk_jjauk 5 5 * S3 3 elk 1 kkl ^—k- ylkj-ls 

Jkill) Nuclease SI mapping <5U 3 -(Primary transcript) 3 3 
e> UuiLo ,*_« Jj-JI RNA— 51 (Hybridised) 031 <? (20.4 
33 (j -- 0 (Overlapping) 3-5 3 j 5’ X3 3 3 C ‘ <531 ^jlJ DNA 

RNA 51 (jjj qi-s lh 3° ' 4 -sjnllj - 1 - RNA SI 

SI _jjj a ] n . .J I g x> i. >-»>i 3 ^ tklikl ajjXI 3 • SI3 3 ! l 3 DNA 51 j 

3 *-45^ .kljtkl c^-'k-l ^j 3I o^-aXI (jXikl (Nuclease SI) 
ssDNA — SI J 3 s dk i U^S I 3 3 RNA — 51 <5^. <51 jY (j j>3 ^ > 5 1 » ■ » 
3^4 ^3 3 ) I-J j >3^I l 3-^3I vkk_jJ (elulk' 5 Aj&^a 3' c ’ ^_$ajo_jkl) 3 x 11 
DNA — SI Alkk (_> 3k jlX j t-^33'3 k l> (Denaturing) 3 U 
. (Molecular weight marker) 3U3' ^=45 33 
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(Primer extension Je-lftll Jj >4 Lj Hi Jl LudlL Lai 

(iijjjKjjiijiJji) JeUi is^L JU*U ^jj3 c(2 1 .4 JS41I) analysis) 
LlAi jljj (*i>a ^ (Hybridize 1 j >g"n ) ; -.vslj j 5" <— ijUl ^^ic. 

^gic. e-Ua 14 (Jc.li!ill [_g.lL ^sjj ^ .bp 100 Aj 60 (<*3j!l&ll) 

(Reverse LS -^4xll ^41 ^jj' LkJ jj lillij RNA_ II A Juluull 
Complementary ) S&*\\ DNA— 1' Li-i* lIL _> ^jjj .transcriptase) 
Jjia dll j j_^Aj RNA — II ^jjoiia (jx 5’ l-jjiall A C- dl3jlJ (DNA 
4 JsluiI_jJ (3441 DNA II J A 3 (jfr I I /All ^aJJ t(_ 3 Aui La jl^A ^jic. . Ji^"\ 



[_g.iL (jaiaj (JLa*LuiLi) DNA II aXuiIui ^ya ^L«i Aj^lLa t t ^jL^>^ll (jL4jll 

.^jj^aJI ^vn'nII ^dy4 ( (_Jc-Lailll 




(jjd daaj DNA II A*Ja2 jliiil >jj .5 djlail La j (denatured) Lj«aaa DNA 



(jjd Lalu . ■ RNA_2! A Jddi (complementary) SLad 5' 4 jhl\ 

.‘lulglaSI oyx >1 RNA—SI L|jj AtaiS Jxa I .Ida j Lull 3’ i-ijiail 
(jaiidaSI nuclease SI ^ajSI JUaxluL ' ^ * ^ *■ d Lid' Lad! d' A 1, A^ RNA DNA 
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aJxujIjj JaLaII DNA— 11 3 uijlall (j& ‘ . 4j±^Ji ^ JU ^A\ 

Qjikil aAuA-uj AjjLLaj 4 qa (denaturing) ^-ujLa ^Ia i _^ ^^Jlj^Jill ^£/L^^ll 
. (^jlxAaSil *U*\\ ^Jc, ±ojju ^Lui£L» AJjjIij) < _ r L-aVI DNA— SI 




Primer extension .qaa J>«j RNA £>a1a 1 J^liHI i$SL AJUal JaI^j :21 -4 JL*a 1I 
(Aujolijojjijiji) Jc-Ua J^xlu4 .analysis of a specific mRNA transcript 
AJail jlL jij .4 ^ya W ujjaII RNA— SI ^a (hybridize ^j^.li) ^ILj 5’ uijlall ^ic- ^ 
jc-uull aJoujI^j Jc>Ua1I ^ jL Jjjiaj .bp 100 (j^\ 60 ^l^kj (aaSjIaII) j^uuSI t±i 
RNA— II qa lj1\1 ^ aa^u DNA $ jaL ja j (reverse transcriptase) ^dadl 
aujaISja! <> AjujVI £l j&I AiLal dJi culialjj (RNA dependent-DNA polymerase) 
(complementary DNA) JaLaII DNA—11 Alia. SjaL LiiijAj .J&lioll Auljl jI>a£ (dNTP) 
aJouiIjj (cDNA) J-aLaJI DNA—11 Jjia aja^j ^aj ^a .RNA— 11 ^ j^Ia ^a 5’ uijlall ^ic- 
^ jL ^ytil JLaxIujL) DNA— 11 AXuiIui ^Ic- ^Ma ^ic- (2 j 1 jaaI!) ^Jljj^dll ij!>Iaj1! 

A-AaC- cJ\±i Caa^ JjVI Aja jaK jaaII t, fluffy AoLaxII dAA ^auj .^jjj^II *fc‘V'vll jAj-a£ ( Jc-lilll 

iajjAll AiUuj dlH 4(semi-quantitative) Aoa£ a^A d JAaall Aljjla jaaju .ja^uII 
^lill ill) JA*-a1I JjaujII RNA— II Aoa£ SjAUa qj&u JC'UaII [$ jUI Jjjiaj A.jIaC- j£ juUll 
. AjjjaII qjJlA qAj^XIa (jj&jAA A-ilbti AjjIaa ijlC’ AJIH1I o JA i&Luu . (^ jUII Ajla 
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Gene fusion technology ejliraJ alt 4aA & 4.7.2 

CjUlaill (Reporter gene) j.iV<AI jjaAl A_gaj 

> 

AjS (jj^WJ^ jl (jjSj LaJlifr Ajliull oA& (JauLLuU - liai H JjWi 

j l-v .all (jjaJI (jjLaiAl (jli .AALLajj A,miLi 5 ».oJ (jijjyj A-au! _J.al 

. ^ n’N II ^jmMl aAoj! (Jal_j*AI A_)_j& I *fl ■ --L ^Ac. JC-LulI M-JjjAl 2 u 3 jjasAI £-a 

l_g jIuma ( _ s Ac. ^ n-s II jjjtnll A_aJjJ (Jig >.nl C il ‘ij-nII Ajlaj jjjAaj yj lyi.ja 

£ijl_^a LLLaAl (jjj t_aLtji.Ln jn-a'lij Ajjyj g.xu.iL) La IAa to^s.ljJI A il-sll 

.A J-slI CjliijjyAI 



(uii* u>a ji) 

Target operon: 



(promoter) 

r* 1 0 e> 

DNA II I II 



TTE 



2 j&- 



mRNA 



“ *£ 

1 aipjji 11 

— j f Lfcjll 

(Transcriptional fusion:) 

Reporter gene 

[— . . 1 



rbs2 



2 OpjjA* 






rbs 



1 

( I i anslationnl fusion:) 



•OHJ^ 



2 






Mi 



.l 1 (.laall 



2 



(jjiJI ^u) all < aall" w " jaLallVI Alla t Jj. .jjia aUll pljj :22-4 JlLJI 

Jalijjl jiya .1 iA*,. ,.K jjA a" Aaajj (jSJj 1 a ijl, ,. *tl £)jaJ lilja. a AJiuil jj all 

jjl_a]| jjaaJI 4_a^jj ^jj "^yA^jjll" ^jjaatt ataaWI Alla. ^ Laiu .Aj (j^lall ayuijjjljll 
LLujI jijya Jjji j;A »tl jTjaaJ) ■ a.'g"i...*tl (jjiJj ^ajaaijjal jj| Jallijl ya 4ja*al jj 
. (1 (jai) ( (jjiJI Aa^jal jUaVI ^ jalaaJI ^ajj .Aj (j^laJI ^yuujjjl jl\ 

(j - (JJJJJjll t 4 r^~^i jjlaa 1 £jjjjjj ££. 9 jLifr ^yk ^ alaaWI lift Aajaj 

■ ^r in ill (_i2j ,j3ya J-.l1-lj ^Jl TTE jajj . jaa-aJI 
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4 ViW I Jsuij (I) lojJxlixs 4_1 jjLuiI ^jj^aLic. AjUj jj .all Ji^JI “Olaj ^ > J-iiVi 

(jj^JSI £ ji (<_>) .<*=> Jill J\ ^joiill i(Type of fusion constructed) ljr 44 il 

(Jclij jl tjjl nod jl tdjLajJjl (JlaxLuAj) -CSJjla (^) . J,^».'i>,»i.all j J .all 

(Cytochemical assay) j jK ^4-^ 



Type of gene fusion 






ji translational) U^-ji J ALjA' y j 4 u' cs 4 =d' ^1*41411 

fli ^UjIVI 41U .(22.4 J141I) (Transcriptional 

JiaJI (j jia*j J i. i>J j tt. V^“n>uill (jjalil jlia ^j-° ^ jjS.^ 11 (jJ^ll 

aAl Jl*i (Ribosome binding sites) ^ j Jalii J <*i >a j^lJI 

"' iSmi' ji-s.41 jj£j Cj L i^. ^Laiil'i/l j-a jill ILa ^ .^ifL^uall ill 

(jjaJI lil^p^ aA *2 j il4i <Jj.i iai lii£aj (Transcriptional reporter) 

j "'Vu laSi . A .a Ilia j “ClajliJa 4_iAjj jAj±s Cli4 . nln'i Ja cilllj (_gl»'n laj ■ a.lJnnaB 

(Post-transcriptional) ^il' la ( j)VnH j bu>.ll ^Uja 4 JUJI oLa ^ 

. i. Vlg'n.tall jaaH 

f Uill 44 t ( 22.4 Jliil) tJ iiadl f l^ilVI 41U Lai j 

SjLil (Reading frame) Seljall jUaj jaii <— ao g ' n..4l j^Jl ^ j^~A\ 

£a 1 alg'niiall jjJj.jJ j-a jj> A jil jjj 2”^ ‘'La^.Jill j ^Lxuill .‘la^.Jill 

jjj j j4' ja a-jav jA (N Terminus) N v—ijlall j gL ciua. . j i-saN jii j jr 
t. ali-sj .<144? u4 jj 4' j* (C Terminus) C ^Jliill Uijlall j t-aju.iall 

^3 jA i a-l^H Up • l)4*^‘4I ^ jj j h.is j < a,'ig"u>ialt jjj jjdl d>-a e (Jj*L 

jj£j ja I. Vlg'n.iall jJjJjaH (j- 0 jli ‘(^4^^411 A ilac. f -»j?Vn 1>H>1 <j£jjl£xa 

j^ AjjLaj jA 1 a^JI 111 lalu .A ]ilal ^jjalo^l 'i^yjiC- ^^11 ja. d^> I jj > ^>3 

^-a Hol£ <j^ u_? 4 ) (_gi c V'ig"u»^ll jjj j jdl 

•j4^' u4jj4' 
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Reporter genes S 5) c*l LaJI 

CllllnlaJ (J^.1 C— a\ n^kll (j-o dJjJiC. jj ^aJ ^ 

dliiaJI jaj qa .i-li-lc. VjiS£j £-1 jjl JLaadiYI dl c^Uj ^laa.-a ‘ ^ 3 t4.m..a 

E. gi lacZ Jia (Chromogenic reporters) V jLall dl jadall tilld s jadall 

d^jdLS j£«j ^lll j (P-galactosidase) jj-i^jSSSLlS p iS hx-> ^ill coli 

■* # 

1- L151 dll jl.u-S.1 J^ueldi ijA^A dliiaa Ldjl lilliA . jjlll jA.jj.~S (jjjjfa (jc. 4i joiSj 

V jILJI tills j t (Enzyme assay or immunodetection) Celia j daj ji 
^jtLdl (Chloramphenicol acetyl transferase) cat Jia V jjaJI dbLdail 

<jl3j j dajjjl JjjjJa (jc. 4 ‘ ■— ;S- jsJJ ggill J jfLm&d j jK (_jjj~.ll .ll ■ >i^ll 

Fluorescent and ) j ^-Vall O 4 ^' LdJ j£as .Cddl 

jjjiu. y Jakj ^jjl jLIj ^111 luxAB jSls Jlldl J&. t (luminescent 
c$UI gfp j 4«. jdall Uiia Uajjjl Lltlis £ jjoij ^111 (Luciferase) jjIjjiLui jl j 
tills tjc. ddill .(Green fluorescent protein) L<-*La _>di.l CiSjjj jiisl 
‘(Spectrometry) ^ jia ~ _ JjL.l i (_>Jdll JLadjL 'ijd-all dldJI 
i_s j. ^ . > ai 1 I jjJjHI jjjj-aj jl (Luminometry) (_g ji^jiiajl — _jjdall (_Jdlljl 

.(Video/ Photomicroscopy) 



Genome-wide expression profiling J-alSd cr jjaJ j 44 *^' ^ 

gjEl' RNA-JI (j& (Transcriptome) ^ jii jidl jS ^ik^all jkj 
Vlli JLajdjil £-L2. ial .La dl3j _^i L jlVllI Jilj Cjjml.ail dll Sjj. 11 J£ 

4 \ . ^iLaJl dljjiiill Ajulsial (DNA arrays 8.4.4 ^LOa) DNA II dlijL^>a 

^iiSSdi (jl j£-aA .si^lj Vyida VydS ^g3 tillij ta j'njvll JASS1 ^ ildl jiia'ilL 
(jja-a Lit . >i 4 -s ni ij-s'l jll»~S\L 4 \ > ^ilaJI dljAiSill VjlLal LLia Vliill aiA 

(Nutrient ^Llic si-a w uds J (Oxidalive stress) »i4> il>a 
SjiL d jd. i*j ^'n-sll jajxIII Val^J Vllill oLa jidid La£ .deprivation) 
. jjaVSil dULac JLU. jl Macrophage LLU. JjS ^ olLsI jl cVa*^ 
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JlaS jrlajj idUaaJ) <Lu<4jA 8.4 

Engineering genes and Optimizing products 

4_p. dLul£ Jill CijldJI Cjjj^JI dULLlI j^a J&1I lilljA 

^iil JjjlilS -CjUidaj i . nN \1 ^ j u<n‘i dljlaj lj& Jd (JLi.<4 . AjlaiUI j^a -n a 

J 

judj jl i(Lactococcus casei) J j^V jJ' 

Clostridium ) j \) > 4 ^ ^jdjd ys. a !■>> J (j j"n > 4 ^ j'i.W'| i_gyjac. 

a JL« t^c.liuall j Jjidl JUddLU cjLajjjl ^tjjj <.{acetobutylicum 
jjJ jjLuJI j;4j]j tProteases jJjjJI cjMLs-aj ca-amylases jJj 
CjliLuJI iM J£ .{Bacillus) dL^^dl dldJ j-a {Penicillin acylases) 

4 £jj-£»A3l Jc. A . % (. liUlkila ^ doSJ j A » j itill ^3 oJ_j£>._ja]I diL ya jJ]~' 
.XVq; lillLl .A* nidi -Cin]l J J _^a jjC- LlC.1 n^i LajJ j' ’>- a Lul£ (jl£l 

.^LlL/U J^l-all 4_SjJa]l jjSjjj -LJlSi iSjj > 41 (jjl£ll jl ^ajjjVI CmAiA Jj (jl 

Protein and pathway Engineering 42 ) jluwj 4^4 a : 1.8.4 

4 (JjdaSLU aj jV I f. 1 -1 (jjjatd jUal (J -Lull jj U J-41 j ClAJ I (JdaSl jpa 

(jjJlbo, {Alkaline protease) <. s^&la Jjjjjj 

dVLLJ ) j Bacillus Subtilis— 1' LjiiJ <> -v^LUiJ j {Subtilisin) 

I La t_ W : i . MLi (B. licheniformis, B. stearothermophilus) Ju JjjsII 

d \\ n8 JJ jpi %95 J jVuiij -Cij jl 4 4"lUj.all 2x.Lda J £iLU (JjjSi ^aJ jjV 1 

ajljja. Jc-j <ll*i <lijlaJ ‘LnijjjJI Jj]I 2JI jj Jc. .Ic-Loil La (JjajuJI (jj^l m.a 

I.J AjlULall dll lU->'j.all (jl . (jjjLLall i 9 1 Li Vi ^2 o-llc. (_]-a».'u^L) ^1111 dlL jpa ^jjl 

(pH) <d>^A2. (_ s icj 70°C Jj Jjdj 0 jl^pa J& dLull ^ ^jjjVl 

(Non-ionic JjjVI jA~ *• iJV'" jIj^ 2_ajlLaj ill j 8 (jjj ^j'j 2 j 
(ja^j^j. jg II j > .i*^ Jlo s .-■>,. L yLl (JI_j*JI djlLa tLULSj t detergent) 
J& LLu . J^ud (J Lid jjl JJ J.UJI ^ j 4 (Hydrogen peroxide) 
(jjjLnu ^ (Catalytic activity) ^ jdJi j=>l Lai Ldju-idi dL Jt_dl 
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( *_3 4^_a.jx5l kid* duj d3 tjkN5 ,^2/1x51 IgJSkj 1 g"n i ij 

JaxJI (10.4.4 £-kix) (Site-directed mutagenesis) 

.4 » x~Nx d5C5l (_jxajlxdaJI 4 g A (Ja>ol 



1_jjjj£j jjx <7 jj^-a'iU^aS. (jxjxd ^aJ 4jjlix 

> 

Natural) infill s-kAI 4 kd AlkJI si* ^ .{Bacillus) dkuxrdl 
jAJ\ dliijjx (> lakkl Alij cJUij jxk' ^IdY (recombination 



Zf j 5. licheniformis j ‘5. amyloliquefaciens djik ? ^ Alidxj Cjlid 
^Jaj jxjl Jld dlxjjjVl A5 j did*. ^Lkl dx .stearothermophilus 
jlj.^1 ) i(^ajjjS/l (JJJ ‘■"'VI x"-vVI (J£ ^J^) jkAU (jAxdx ^JJJJJX 



gii (Reciprocal recombination) gJidil a_uA.hil -> dljjx sxc. kin 

lAUJI jlik (JkZj .<aili-a 4 n^O' jxljxl dljjjx jxd lAldll (jx ' J.. 1 .'^ IdG. 

dj . L. Ual’lV I '' P'-Sl 

(JNfi " 004 AiDkllj AnAM AjjNj 4_ilAigJI 4 1 ' '11 J dlx jlaxll ^kljj 

^Axx,5l c> ^f-al <(Themiostability) CAMS <j^ajL-aaJlj 



AJ, wMIaj PCR SI Ajlaj (JLdailuilj . ^)j£l (j£-doJ Qua Vl Aj^jULg 



jjLoVl ^J>jl Cili^ c> ^ j (PCR gene Splicing) o^JI Ja^ ^ 

. jjLI-a ^3^1 cl)^ o 

A_1aAI J JjJI J DNA SI JjoJjojIiS 4j^)UL<lSI dAjall^jAll CA^Jfll 



aaL^I caI jiUI jl (jxa. ^ t^Kjg \1 (jjjjjjll JXjAj 4..1ul.l5lj ojxk (AaSJ 
dUjkl vilb ejjxiii jSI . JkgJ! jjjhll sjjJl^x (Point mutation) 
PCR— A J (DNA shuffling) DNA-51 kk l*d 4d> ddk jx^k 



ok Ijux juuju .jjjjjill (Jig »>n\ lilljj t(Sexual PCR) 



(J'.x».Iuil ^aJ H k'lg'nua'l (jjAl (^jx DNA (_jx jAaS (jjj j^jl^jxic. Jak ■‘Cjlkih 

t." n~v t(Jxk (Jjxluiix ( AA1 i ajLxajj ^xA (4.4.4 (Akx) PCR 51 

PCR 51 0j5j (JxxHjxj .(Jc-Isj (“kj^)xxll) Igjii DNA 51 (jks d . .j 

CilLii. 4 n-sft dll 11 -s ^^ic. (_5 jk J (5.4.4 Aakx) 4 i'ii-s 4 n5x jn^i^'il iil5j 
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jLna.1 ^ dj ' DNA gtxj (j-Q (Chimaeric) 

JllLoj .Sj jiiLall 4 uai^x> II dla—all (_£4 ^ jj— U 4XalaJI (Clone) 4 In. nil 



((3- ja4a j jafilalfl P ^aajal jjm Vi 4_iLaC- j£llj 4-ajlVl.all oAA (JLa*dul 



10 j* 60 ^ jail Ai>ldj i4jl ciu^j E. coli —11 Ljaaia <> galactosidase) 

Lafl . (Ja3 j^a (Substrate) Aaljl SjLa£ 4.1-a»."n,.ij jjfLl jd jV.,11 (ja £• _jj £-a illjj 

Green ) (^.uijjaiall jl > >i . al l j>. nA yi (jaajjall (j-a jj ^idl 

.s>a 45 — j J&l ajj > d Sjldl (2.7.4 ,*JaLa fluorescent protein 



La Ijj Cljladj Cli— aai 4 _iaAI dll j 4 ql"i A aj ‘U^a dla^jas Ljaadll ^aali 
L_j£j»a (ja Al jia-a A i.a51 Adda lajaaSia j3ja .Ik. taiatll ^ . a_a-alda ja£jaa 
.^>a£l Aa^Sa i_a£jaill lillj j^laiV Lijj'iVII Aaa . jj 4a4ac. jjdaJ iAjjldi Aa^ftl (_£4 
jaLoiC. jl dllc j.a'S -a ^3 4dl jdc. dl^)SLb (Jjajla (jC. illj ^^11 (Jj-o jail I Vl5a 1 
^^Icl jdija ^LuV A n..i,all S^)ilall s-lSail jj 4_pJI dlaalill a 4A (j-a (Population) 



£ (Synthetic gene) ^1 il-n.nl jaa. ^Ldl j^aa LaS .AjjikJI si-all <j« 

(jl jjaa. ^g3 .a-Cyi Aalle AASaja dljLuol j Aalbiill (jjjli. £5joii il^) 2 k-a £-a 4L.nl 

^Ld diiij AllLal tillift 
jL-aa 4—i.laft (J5Li. (j-a Aaililsc. J&l (_ 5 ^da ^1. ~iV.nl a" i. ~ig .Vi SjadVI dil jaall jjl VJ 
_jLoaa (_)a_jd jl Ajjlln^ll Si-all ^laij oiaj (j-a Lai c5Lal£. d5tc.lia 



. (4 l'n.al (jdLaV j 4_l_jaaa dll j . s-i a ^laij —laa) 4lLljlall 4ft 






Si-a jrldl oldla (Jc-liall 



( 4 jjjc) J-uflVI Ailai-a j|j<a ^U!) 9.4 
Production of heterologous products 

ilUft t Afrl Ur-ill (Jlaa— a Aiiljjll dLliall Aadlaill d il qj^ln'lll aftl j^a 

dl ni'nqll j AjjaaJI dliddallj tdLajjjVl£ 4ql"iAa 4 i ^Lljl SjLij 

(_54LaJlj (jjjdtll i yuiC- (jaLill i yu£- (_)ai_dll tjdc- ^1^)11 I (Jj|.^<qll 5LLa ^loil) 
JaS3 S4jd-a ^Ijjl ailli^a t^alc ij^4 d lliiijjjll 4. : n..iillj Lai .((jjjdtllj 

jL-al Sjj j!Le dljlaj ^l.'iA'n.ilj dldjjjall ilia 0aiij (J£da S^jd 
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(Proteases) (jjjjjll caH l~s a cUa ^ic. Jtl° 

4_kLaij|j sjLo J\ r_y> jja. J\ J jc. jV' j .(Bacillus sp) 

^yajJaJ L/ 4jlAj ^ l umL/t (jL Laic. . ^ )^l i 1 j>^.a ^aUaj I jl LljJjSL 

JaLoij j 4_LLtA i_ j-a.,o \ V 4jli j nyMt (JLa. ^A3 j j ];>Mt 

^Ciia (jLajAal ^)Liic.L/l (jJ*J l&All Aj V oAjAc. lAlljft (jl a) 

Aqu^i-att 4jl~Slt jLird jli JllLall (_} J J ■ " ^^ic. .a_j<Uui.a AjjUaj 4aaj3 (_£A (JLtA 
^ ojAuLu 11]a jJjJj ^(jAaJll tilli jjjjuj ^luajl 4 i-sjil jlml AAiJ JaLJI j 
^Lajli i.a JLmjluiI jjSuaJ V IjLli.! . J jAaia jA La £aa ^r"n.aSt lajLLua (_£Aai ^Aj 
^y> Aj L/ . -LljL . \ h r-i (_paljC.Lf H_jjLa Al j-a jl ULtA Al_j-a Ljj'All' 

Llll l&ljj£ cAjiilj CjIAjIS (jxs LUi. ^^JIc. Aalu (JaLj <■ Li>ia ^Uaj (JLa*loil 

. i-'l jj^a LLll. jl 4 _ijAj cAlll 

4.j uaitH lAAj|j2j i. flu .a 11 4_aJaji 1.9.4 

Host systems and their relative advantages 

jl (j ^ J jit ILjUl dull t CjLmxfaJI (JjA La SjjA ^ 

^pL-aull jus ^lliAilVI J (Jj*JI <_S^ jl A <1 |W~I (jAal JC-V 

(Bioactive peptide Ljj^. -Lib \jn; Lila) Ia^. 112a aLVU. e Sj. uL' i 

(J^*! u_lljjVl U.lAjjull DNA St IjlflJ W'A ^aJ . ^‘y\ ^ An .A 'll ( J\C. Aluuc-VI 

l£JZ T* -a (jail ^-A oAjA^-a A_Lalj La gjia ^jc. J j AaoaSt ^Laililj 

Ajiiaadt St jjll CjIjA CjIAjUSI (j^i) ».\i\ j\\ l" \\ ';-^tl t’ViK At All ^ .E. COli Jla 

* 

a . . j la aI_jx qa a j ] ^ eiilial ^tljj ^11 All ^g& a , ,n •'■.'! (Eukaryote 
(jjjjAjitj (Growth hormone) ^jjIII jaII ^LLa c^LSlt 

^jc. a , a i '~' ■. , s. Aj'^a p. A i j = ^L' a jju aIL ^ ^ l j .(Interferon) 

l " 'I ' y J^>lt 4luiLa 4jlii AT'K 4(jl J^>ll Aj'ii^VI ^AaLa^.L/t (_LuLjJ 

Lai .^11 ja jjll SjjjS eiiUal . jlkvi iiijll iAUa ^ (Protein sequencing) 

ojAuGa (a .^iA. lijja-a) <jlj_>J A?! ^LoiijL ^-ajoij Ijliill t " it n . o-Altt jjli iLJLi. 
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jt a jd--i-a y« r jVm Jl RNA It yxs DNA 4 S. ‘ ■' ' ; '■ -d' jy£- 

.(Gene synthesis) dAj yiaJt ^ . ju^i LjjjL ye- ajdUa jjc. Aj jAj 
U jj>ki ^ (Recombinant technology) s-ndfcll UHi J y* A- jA 

dlLajh t g y A') ^3 IjUajl ALi& (jl V] cUjj'AllI 4 I A It “La^jiia ^ysjJo 

. ((_}jiAd]l ,J 'il ^Ajt) i.iiK dlljlaj (JLaaUmlj Ah j at ^ill dll j LLLdll 

Lfc^yAj “U jg ml JlaVI jLidit LijjiA't Cpl ..di^t “dalill y^ y£]j 



<dl jc. jl_j-a ( _ s -lC’ l&_j-a3 A£. Jjuij dljg >»i j ^jt^jll 

l_$ JlktiA (jic- y_j£i (J c ■ U “Ajjl Ulai (j-a A^dUlt dlljjJjjJt y^ £fl_£j 

CJbtill 4 g -si A > A -s 4 Jjslixl] (_g.1j\?llt ^LiiL/t ^ ^C- (Jjflajj ^gjll jJjbtAilj JLajt jdall 



UIAd dililij ^tdd-h .(Identity) A _>$ll j t (Purity) 5 t (Potency) 

f__ya\jL alilit a^)lc.| ( a-a Ah t^rVuill dllyj^sj (_^<ajl k^-\ y C- l *1 .'Alt y£»aj ‘dail m-s 

jt 4-iA hi-nII dlLlc-lidl a jllilS 4_i3 i_j jC-^a jjc. -LLoijj A 11 'll -s jUit yV 

a^tjt (Jha) <siiAa 1 h Vl dllil&j djllalui (JjS y^a yubtAI a A ytj^t ^aJ .4_lC.lda]l 

US Food and Drug Administration addiAl dUV jll ^ A jA j AAJt 
ytjdal (jjd (Ja-aLU (JjjLiaa Vdas jTjjds ^^ic. Jjj-aaJI (JA y^a ((FDA) 



hjjlAlt (JLaadA ya (Jj VllLj y i , n‘Vi<i11 )\ La ti& t (JUhAA 1 



*G 4 i ^ 



^yjLtAI yjlhaai ^ijjl Aj . jlyAI ^LuJ iJUd. at_jj]t A i'qjA lA/ldlt JLaaAail ^Jt 
yc. 4 UA'i j^jJt Ulijll dAjlijj djtjLudV 4-dbdl Aadil tjJaj dllALlalt J 

*LLLAI hat jc. j!i_^ajySJI tjja>-a jdtj »jU yiijjj yjj <ii3j diliLlla.1 

(High-performance liquid chromatography HPLC) AAH UlLdl 
ydjlt J NMR— it j (Mass spectrometry) jt LLAt ^La j 

a-^dalt (jaaUALal jt ^(Nuclear magnetic resonance) yjjdt cs .»u] 3 l.i».^lt 



.(Circular dichroism) jA Aqn.^l t 

yjjjowi tj-jA i— aLij£t £-a ta-LiA U_jl£lt >— jaA dALaJl (_>« jLA ^ 

c > \* j (Jjiall ,a 1 Lq AjjouIIj 

.L_JjjoiLa]I ^3 (Jjial! L-lljjajI f^r \X ) L<u 3 - wb 
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Transcription j-uull 2.9.4 

(jjjjjJ A m a DNA <*JaS (Cloning) jl J1 mThu l (jj 

c > 

t jj Vill 4j\.aC- (jLoiia ij^.! Cy* ■ 'JI.hmII A i\.ac. (jLaaJai 4j9lSi A*j V i aAg"u»i.a 

aAj aAA*s <1 CjLLoiLoiJ VjLjsJ — A mYiVI jJ jLL (JLLL. — Aj V 

Jig ml .AjjjLSoII 4jA1I ^3 Jlc. (J jILuiajj aAAa-a alilijl ^ jjiAll 

Strong ) tdjaa-a Jaalaaj jljj £ii_^ ^3 <■ V'lg'unal l (j» A JLLk. 

(Translation J\ Aa^jill a^ SjLil JaAL ^ (promoter sequence 

JJ A 1 ^3 ajJ^all 4_1 ioiLuiL/ I (j“® (_5^ ^ J~v a\l 0_j3 (j) .Signal) 

jilSAL ^»)Vl.a JaC. i_£3 La 1 g l-a CljlL j^. oil ^ya A d'A .a LJLi. A^._jjj 

ilLu 1^3 j& La l^Laj t(Tightly controlled) 
aAc. SjaS l$J Cija ejl£j^ E.coli -A a^jj .(Constitutive) 

. A jAll JASi %50 Jj-aj (j;i*-a (jjjjjJ 

> 

^n*j jJjuia ^Ic- i**l'A>*‘nnl dA£^}^A ^ja AanJall ^^9 

La 1 £^)^a (jx^J (JaI^xJIj A9^)xa]I £a (j£Jj . L_J_jjaiLal! 1-1^. (Jtc. 

(jj . (JaL^JIj Aj^jaiLa jl A_iC«Li]ax-al dA^^^a ^jI^a^L ^ u-^al 

V aIaI^a A_Lojoi dJL A ‘ua* 1 «A ^a ^al^Vunlj (JaxII ^Ac< ^ V.i ^aJJ djl£^)**kA\l 
^jSaJ djlS^p^a d tAAx.^a Llli] t £jaI j (jLloj ^)JaVv\1 CjLiIaxJ AjjaLia nan 

AiLdaJj jl J^ax x>a (j>al ftAJllj jl 6^)1 ^)^J! i“ll £3^}J Ia 

.6^)3j!lqj Ax^ajA^) CjLjixxJ 

J^ax x>a ^JJ Aj^S Cljl^^^-q (JLajcLujIj ^ n - ) II i»Mt AjIaC- 
jlc. d^iajjaJlj ^cjau]l AjLoC. liu/a ^ja Aj V 4 A^lak.11 CjLiIaC. ^-ic. 

JjoiLaiJ S^Lij AiLjaj ^r-xxull .Ia.u^aS Aa^-aII (JaI^xJI •(3^^ 

£Sja ^ (TTE jl Transcription termination element) 

CjIiUc. ^ (illi JjoiLojjII I La AiLjaj ^jic. JL^. ^ 

Jlc- ^LlL aal t^jaLlaj a jg (jV lIIaj t 

. (i «jAg'Lua'l ^- ul ^ l— a3jj jiAC. l_Uxuj) 0jia JJC. (Jjaalj RNA 
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-liaajNj V ja'k a i 8,^“nuoll jj j 11 j ^£j La-ljc. jj£l tdlj o Jo'] j 

4 •sj'Vi A_ii=»J\ .iPajNJI CjIjj ^JIsj 43U.il eU ^3 i(MultiCOpy) ^juuII -l.l*la 
^\ All ~ V- 4 I , -^a j P_La jNJl 4 ar.l , >» ^ 4 |U»I .Ilia jJC. j 1.1s. £_ij ^ jallaj 

.TTE 4iLA j* ^ y Uld *1^1 

Translation 4-*a.>3l 3.9.4 

,*3 ^al ^_}xuiwij 4jL^A ja 4 j V (Jlx3 (J£jop (Jjaajll RNA 11 4 ^ j‘> . Q j ' 

J jxajll RNA— 11 (RBS J Ribosome binding site) ^ >-. U jll UUjl 

Jl (Translation start codon) Cas.jdl ^ a jLi ^jja J 

(JjailuG i_sNis.l a. Ua-> liilij Jl 1 'jjA ja rbs 11 1 at'S.'i . l"'I y'ljjK j\\ 

.(Jjjuijll RNA — 11 ,*-» A°1 -*jj (_g Nil 16s j^sjajjjjl jll RNA — 11 3’OH <-_ijla 
(Degenerate) s jj£i« iJj (Genetic code) 4 jSI jjll s jiill 
■is-lj (Codon) Zj&jm jl jjjj£ ja J£li 4 J jajj -U jll (^ 44 ^V 1 (jJauaiJl (jlj 

(j^ia-dl 4 d'A all dil jilijl jm'i . (4j-l£i jiiS> jij .1E.I jij 4 jS1j — o jiba jl jjjj£) 
a .JJjjII (Jjiii J 'ijj^iallj -laJjij V 1 g Nlj l " allli jl ^ja" Ja.1 jll ^^^JnaV! 

4 > A -s ((_£j^N! CjlidjAl (jjAf) ^ "i ;» a ojua J A'nul (Ju^A ^jj L j jS ill £-1 jjl 
Cjljidjl J *lVnul 33jfi J i— iNii-V! jlj . Jlatll jm'ill dll 3 dllajjall ^3 

42daiall dll^)ia3l (jjSuj t^^PsJI jjlflll DNA ^3 GC 11 4pjaj (jnS» j 4jd^a]l 

(jl laJj .4 jl~sl l Amjls Jc-I (_jj J-ls-a (tRNA) RNA — 1 4 laSal l ^A 

(tRNA) Jalill RNA — 11 4JajJjj Ia jjA (Codons) diljLill ^iaa-a 

tjabll RNA-Jj^I jp^al J (Aminoacyl-tRNA) l _ r ^\ <_p=ia=J ^311 

4..1.1.H,) g-lijjl J Ca^.j!ill L_l j.ui‘ui (_paliijl 4ia 04JJ 4ijJa4aj 0^Lu> Vnul jlj 

4 _ g pll CjjUdl 4piiu.ll (_3j3 t(l_ luille JJE- l _ s 4P^l (J> iA-\ (yaJaj (_^l) CaPajol! ^3 1 )->-•> II 

> 

jLi^jVl >■— lUaa, (j^-aJ lA 1 ^ 3000 (^l ja. (J£ Jia.lj 1 Its; jJaj 

^l^s^l Jj JjAI Jlaj (jjll j SjLill ^1-ikU ^ Jj>>.qill jl (Codon bias) 

l^jljjl^aj G o jii (JLajClaal 4p uij a_jl >n^> (JlilA jai jllij jx jc. G sj iai 

:aj31j 11 <ljl*-all 4j=^l jj (Relative synonymous codon usage J RSCU) 
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A 11* A J !^J\ A9 Util -1-1 C* 



= RSCU 

- -‘->q 1 c^ILIa jJ S^LuJl JL^xUjujI dil^d A-3 j!La3I hjjlSI 

> 

Ijl Lai . jLi^jl jjJlJ ^.Wlun Sjialll jl lilSj ^ ~1» p 1 = RSCU dljl£ Ijj 
jl£ lijj t<Ljaa-a jjc. OjiG Igjl (-li.lj j^ (Jiil) 1 - > RSCU jl£ 

.4 L>iq,a o jLoi y ^ 1» j9 ^ JLs-l _5 jx jj£i) 1 < RSCU 

^CVuliLj ^ n^ii jb jj-sll g.xn.nj Lje-lilaj-al (■" nUI i_ii£jj Ajlij jl 
OjUaSI jl j] ~s I Aja&l In' . A Vn.all j A qj.>i.aSI aSLLuiSI ^Jl AjjauSb (JlLaLM OjibaSI 



aLJ jj (IL2 jl Interleukin 2) 2- j^ijS jbl si-a ^Ll] J\c. Jlla JLLk j* 
<fwu]L (399 bp) ^glj-aVI IL-2 — SI Ljjj-a JLLij ^ La.G*9 .E. coli — SI LjjjSL 



(_Jj 3 j a Ali-£»a^s “Gl jiii jxi %43 JaSS GJLiA (jl jjjj t Al.a»-L«.flll Clil^LuiSI 

GjI jiG (JL&*Jjaib jjiJI I2& j^ AJC.1 'lS-n.nL/ 1 A ~\ . .i ill CluSij U1LS .E. COli SI 

Uul jj ClG LaAic-j .dll jJlLSI jxs %85 A u .i '] ; Ljj nS 31 (_Jj3 (j -a 5 l>.Aq.aj A9.il j-a 

tiJjljSI (_>uaj (JI.-a»..i>.uL j E. Coll SI ^g£.l 'i b . s-> y J I Glljj ^ S i ."iV I (jj^lS jii»'iSI 

^njibll (jaaJI) (jjjSUJI A^jLiLa IL2 IS JjaaijSI RNA SI A^aS. (jl jjjj 

(jjiJI AS La. ^9 jllSI Ljja. b I'iiLlSI (jjjjjJI r-'Gjl (j jiui-a (jlS Lajjj ^^Liki-aVI J 

. Aj> nbll A ] 1 . A/ I A A »>iill (j-a Clll^a ^^c-Libi-aVI 



Formation of inclusion bodies hLAij*. ^Lu^S jjjli 4 . 9.4 

jjSjj ttLLI Aic. 4 .A -sj t Ujuil-aSI CiLjj jjjSI j^a i jLs£ £-1 jjl ttLLI ^.il 



jib (JSGj (Folding) f.ljIajL/1 jc. jaa*L c A i£ i j j2l (jli tUliJI ^9 JLc- 
1 — ijXJ IjJJ^ LliiSj jl sjli. Ajj£^s (J>>» ;SI I g >><» 1 ^ ^.a-y'iSL l^iSj 
jpo (jjjjjjS 4 -NJ ull Ljj^jSI ^ 4 .A A ^Loia.L/1 oSiA jg b~i jaJI 
^L^s.L/1 yi jja-jAll (jjjjjfSI ^jIjjj .(Mammalian protein) 

(J^iAj (Native state) ( _ s »j - ibS I ^S . ^i L/l (jjjjjLlS AjLAa (J£ja (jjj ^ ja3l 



1 SjjSa ^9 Vj ^ S > ^>J jalL AlaLiijl i2S9j A^Sij (j^-aJ V Lll£ ^JaU. 1 aliuJI (jj 

j^Lajjadl ^uiaJI A3lL£ iillS& j tASUj jl ja^3 (Denaturation) ^a 
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^9 o JjJI (Jl^jaJI i—botijj t4jl i—JjjoiLa]! (jjj j^)4l 4*JjJa UiA 

... jl-liJI JojoJI i jAill (JllLa) U _^aj j A il~sll A -si m3 

. Vlll i 3 jjja jjy'n ^ 1 . ^hu-nII ^jj j£>j jiaii ji LiLi^J /Jaj • ( J) 

LljJi. i=Luilj jjc. (jjjjjj ^tij] (I) Jj A ;l».oj^aJI (jjj£j 

J <j j». ., ^] (^) (Suboptimal) J144I ^ ^ Jai ^liij (^_j) 

\ ^3 LuLajI CjJ^A 4j . .■'Pi I (jj_j£ij _s • 4jqV' j J jc. 

(J51P (jljjill Jla jJC'j S jliilt ^Jtc. ^jjj j^)j _jA ^->mPI (jl jl t^jLiPil 

.(Mild extraction condition) %14 oAkl .1 
al*j iPulill jjc. IJI 2 . ^ 1 m-N VI qas LPL«V SaLi. jjc. Ajlaj 

.Vljt9 Llljj^>J ^ U.nl\ ^Jt_ljin]l l 3 j Jail ^3 i alajll 

^ ."'1 P 4 bin'll ^al^Vnulj 4 il>.-ii^aJI *1 . nvVI jj j£j 4 K : ~ JjjLsj ljLia .1 
f-Lodill jJI i_j jll-K'll (jjjjjJI jl Jl 44 c n-s ( 4 . 5.4 ^ > .41) 4jjl Jj 

. JlaiJI IujjJI Jl J (Periplasm) ^>441 

"j5t\ua*ij" j\ 4jjL» JjlaSI £_al Jl AJo*jI jj jjIJI ^ j uvll Jjlv~i 10.4 

In silico analysis of bacterial genomes 

Aj (JjAj V CA*J (jj 

jll jjlnMl j jLkiiijVl j 4 _jojI ja! s.ij. w ajjH-o ^Lol 

^iaILc ^ <. I jjIS L£ ^al (Bioinformatics) ajj^J' ajjL^ 

I l-J . 1^-4^ CIjIjj AijJa j j Ij j ^jC- Aaqa CllLo ^l*-o j 

A^W (^ 3 ^‘iJ A^U. j dul^ L^Ua aAIjoiI ^jc. 

(Gene order) o^JI ^Uaijl a£ 1 *] I j (Evolutionary mechanisms) 

jj Ajj^J Cllljjl£]l <LujI jJ (j^A 3 Cl i! j_^ia4]l 

cLuj±>y\ aS^I j ^(Personal computer) aJI^ SjaL c_j ^UJI 

<(Grid and parallel processing) a^HI j ajJ jidl <jlij j cU j 

^jj 4JLxi]l Ajj)J*s\I ^LjjLo _^ lsL-dl ClIjCl (j-o ^LjIa tillc (_]£ 
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in ) (=rU.j]l Jj (in vivo ) ^^aJI J 4-uil J-llI Jjjia jx AjjaaJI AjjLajlxxll J.x"'>l 

J) c5^' (Systems biology) 5-ak6ll s-L^Vl J& sjY j Jl ^ j (vitro 

j C. 4 4aiii4X j-iLxax jx 4a^jLill LUJI CjLaJxxll (Integrate) J t » ■ "I j [Jjt-s.*< 

aJjl Lai -(High Throughput technologies) JLdl JXl cJj cAjliX! 
Laj tV "»Ki ^^aodl jllXll ^-ij^xaj (JJJJ (Model) J] Jxajall j^ 3 LJ jljl 

4 j j 'S. XI a—ljloCill i_Jx (Jaj V CLlLlaall ollA jl jx aC. JL .ojjaj jx 4_ulj^. 
4_ii.jj j i_Lijjxaj J 4_i*ali. 4.xg.x CjljXi jC. alliX ^jLaill oil* jl V] 4 4 _LijLYI J 

.4 ' Jq"i\ I 4jjLx1Ij '; jyil l ^)Loia]I 



^ Clj^LudLjJj (Jj AM A >n>/TS a\\ (j-0 ^M^jl AjLiJfl) C^lLiA 

2 > 

jL2j ^Ml ClAjjj-dl ^jC- l (J jL^J ^ill tilL ^)£ij (j* . Ij 

qC> jl jjjj ^J ul^)SI JaLijjl ^5 (Jjoi1ujj]I ^ Clll jLuj] (jC. jl iCllljjJ j^)JI 

^Ic- ^C-LaiJ La 1 g t x> j ^ic- j)jj j^)d]l (jL-alill £jJal^oj (Promoter) 

^Ml jlM^JI (jl .CAS, \ <_£^)^.l jM ksiA (j>a (JjoiLolJIj J.Wa DNA (JjoJjojJ 4_j^)lLc 

(Protein-encoding genes) cliL jjA I $ jLi ^1 c^jjA\ jc. 

(Reading frame) s*l jSll jtl ^ tLjtj Lr j^JI lU^I Ju 
ciiA ^1 *_a 1I ^ t(DNA SI (j-o ^>3al ^1) 

<. — 6 jLujlj 4 » J-iVm A \ \\a $ I (jial <a^VI j)>a ALjJa <LaiLai jjC. Vs^W 4_^jLill 

^ jjio s^IjS jUal aLjUI aLuLJI oiA .(Termination codon) 

^-jJaJ (j-o ^ jjLdl B«.l jail jUal JjL ^ jl jii 4 (Open reading frame J ORF) 

4 ° ^ Ijjiaj jiSV I 0x1 j_lll Lai .4xixaVI jxaLa^.VI jx i__aVI AjuJ^j Jl Clilj^xC- 
— ^ jjixll oa.1 jail jUal Jl 4jLja| — 4" i-v n Igjli 4 jjjjjj ojLxl 4ialoJ Cjljjjxll 
Jxj LaS .4oJaj!iixll Lx^-jill 5 xa ojiaxl ojxuLx LLlLxil ^ jxojjjI Jl Jaliljl Jljx jc. 
^J r-Ljl jx L.\x 0 lL La j 4X.di.all (JLL^ Uaidl CliVLadkl jxaiajoL) jl 0 xLjj 1 I I ., J 

.(Frame shift) s^ljall jLLI 



4 XixjIjj (Putative proteins) (jxajiax jyjjjj jxaai-xj Jj Xajc-j 

Llljj 44 _uxjJ jl 4 L ia~. (_£ji. I CjLjjjjjj 4jjllxll jikl 0 xLjj JjX 4 i_j jjxLoJI 
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^djluus ( ^Ac. (_£j . id L - \\ nS A ^)3jjj (jl Cy* l-i&S >iJ V .La AjUij jl JaLjjl Aajj i 

ajjLiJI jc-I jiill i_g&j ‘(jjj jjdl j DNA II ui Igi2i5 dNuiidll 

FASTA ^-“Ijj JNi. u- 0 edjiiYI <S^ui jjc. l^JLaxiuil ^jLaj ^ill (Databases) 

A^ijj j DNA SI jl (jij jjJI dSLAd ^1 jS ^-ol jJI liili . BLAST j 

jl JjAuuSI JxslS £4 (Flomology) dldll kJj.21 JaAuuSIj 

Ed Jg ^^gUSI (JjLujjj Lkiajl ^A CLujj±?$\ .4_L<a 

g. Lui*Jl (jC. I 1 g \ a (j- 0 

(Secondary structures) ^ j (Transmembrane domains) 

c^ILa dj^l .djjio Cjliijjjj ^ (signal peptide) CjljLij cilliSj 

^OVnVI ^ Jajjjall cial^jjoi] (Model) ^jLnll (JLojtjjajI 

.4 n si jV I dil jddl 4 A -I j < j^jjil ^-<i y_ii j^dl dlAdjI ^ 
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y&J -is* 

9 laJlaJt alt ■ jj Ajtala, 

j iiljjJ 
* W " 1 A " lIiIajYI Y* /l 

.yA Aib 

S w " 1 cjl^jSn y* ** 



Glossary cjUJkua* (Jujju 

Auxotrophic mutation AjiiU) S jila 

i jljc. ^jn«-Ti Jc. (jjlSJI Sj^a (jlja 9 Jj (jja. J SjJa 

(jjJ! _jA 9 jUl JoSLall (jjJI (jj . ^Jl-lxll -luajl ^_2 o J_jj a jj] JIjIIjj 
Ai'uJaj ^jJalsj V ) £_jJa jll Jj JUxJ (_£ ill 

. (a ..An A y iii.n* jJC’ AljjAl l~i . . Jl ^2 Jil-iill 

Complementary DNA cDNA (f-ala) DNA 

Jj-ajj (JjjujJI RNA — 15 i Jla£»a (J jaiLoOJ j 9 ^ 4.1 J “U-li. jj DNA 
(_$ j’W' . 15 cDNA ^ n«-ijl Jjliill aJjJI Jj-aj .(In vitro) ^JJI 
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.Jab ^ (dsDNA a$l) kl.iaJI DNA i _b& cDNA — SI CjlbLa 

(jjj j^bSI • (J_j-a2abSI i q r. ~s .all cDNA Slj (Jal_jill Lc. j^-s ^ 4 65 oil 

.ji.1 (jbjjj (Folding) i-aUbl ^ -ieL«j (jbjjj : (Chaperone) jalj-dl 



kbli j siu DNA j djlib jjj : (Chromatin) ^jjUjjS 

. ^UaiNIj i_ujjjSI 

UaU) DNA— II : (Chromosome) «jjS 

J^-a J^C. LS lc- 4_iAII ClllblSill (j-a a Vu^i .(jJJj^jfllj (oJ^atla i" )\ n-s 

(5.1 aJj'A'SI) lA^)JC. j^jC. i 'qj]"\ i dlLa_jjai_jojj£2l ^ya 



>bjl : (Circular DNA molecule) (a/^) csA' J DNA 



a^jjxj 



aipl5 Jjj^b Jic. jja. Sjoa : (Complementation) ^lUll jS aJL*S15\ 

. a j. i ( a - a -y jS ^ S-a5 ; i_$ I 4 (Wild-type) 4 ^ j All bJSb^JSl ^Jl s^iLSa kSL^. 



<j-« cos as^ • Wb i. b aA^ lSjIAj :(Cosmid) A-Oj^ 

0jUSI lJNc a>aab .iiojLLil Jol£ (Packaging) a bl»"n asLSI A, 0jla 

•aAAjjbl 

JibaiaSI jl jk>biaSI a_ibib]l jJijl : (Cross-over) jl jM&ill 

.(Homologous recombination) 

J cjSIAu a^I jjSI ^ ijASI : (Dimorphism) jAill AoaJjjj! 

•cAja 10 

Albc-i : (Endoplasmic reticulum) (ER) A<buJI 

.0 jjiaSI Cjbjjj^)bl jiairaj CjIjLuus aJjljl cJ-Lajj a£_J-^ AabbaJI A ] A SI a)bb 

ajjLk^lIj ad jaa^SI I. 1 & La) aA?-^ aA elA^' : (Exons) <jjoo£) 

.I g'b-s jj alAA J l jLi a)xabj (Introns 
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: (Expressed Sequence Tag) (EST) SjjxaSI SjLi! 

i LL^SI 1 Vl5.aJ t( alii (JJa Cali cDNA 11 j* Ajtlaa jl «. j^. 

. aA ..i'lM jl LLal£ ^jjoLball (.jjAl ^Jc- 1 a^>*jllj 

1 — ajwiaj : (Expression cloning) jjjsuII jl Jtuulwl 

.£luaiyi A jl.aC. (JLli. (jJ^Jl ttjii (j-a f-1-^1 (jijj^Jl A_ila£. 

DNA— -II ;> 4-a^kia : (Expression cassette) jjjsuII 

jllalj (Promoter) til^aAl (j< n>i‘n j tj&JJ} Jj AiaiajJj (jjAl g .- a .».>i. l 

jAI *l$jj ajLilj (Open reading frame <— *S jj SjA4 t- jiLa s*lja 

.(Transcriptional terminator) 

.RNA Jl juii (jl (jS-aj DNA — II j* Ajdaia : (Gene) A jl 

• ^ (jjl£ ~d DNA-JI : (Genome) 

Jll CjA jl*AI J£ : (Genotype/ Genotypic) Jiljj jl J^a. -bA 

•CS^ clP^ J DNA SI 1^J>Aj 

>■ ab^-a tjjjjjj j jja. : (Heterologous) ujaJ jl J^aVI (Jdli-4 

.AJjall jjs AjhuSI (jc. AiiaNc. J jl J^NI 

: (Homologous recombination) JaliLdl jl ^Uldl utuihSI 

c _ 1 1 .-.'lAl ^aajU . La^-aLaAl ^aJ (JjAuuSI A ^ -s 1) (jjLLLalLa DNA (jjlb'N (JjoiLoij Ja3 
j^a-a J (jja. ^LajL ^-aaaijj (Crossing-Over) j^i^SI L^J JiLldl 
Ja3 (JjLij JUC. £jailj (J5 ia 1 (J-a».L.a.i ^NIxa-aLM li& (j^ij (4.5 tJ5 >'»’iSI) ^ j IjAl (JA 
(Jjj^eiSI aJ Is. J .(Meiosis) Jl jii.VI JANI aie. caLajjai _^ajj£SI j±i DNA 
jrLaajl j ajiia jj j& ^ la] t JL. a^JUl JU*iuL (Transformation) 
(Double ^ jAj-a J JiLj J ^ 1 C- lil Lai . ^ j ^)£l]l ^a LLalL ajxjLLJI 
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(Jli ^ (linearised) DNA aj^ lU^ cross-over) 

^9 JjaiLaull £-a -y'lA (JjaiLajj ^)^,S L)^A U^ 1 cJ^j 

. <aJaLc 

% s 

JjS ^JoSj RNA AjJaS : (Intron) OjjAjI j' UJ^ J 

iA jj’NSI Si jjll dll j LLUJI CjIj j j* ^2 (jjjliYI j -(jJJjjJ JJ lTlRNA 51 

.(_£ jiSI 4jjl.li lAliJI CjIjjja ^2 1.1a. J-lii j 



^- A . ,sA DNA <*JaS Vi j*a-a : (Gene library) AjLaJI 4jAldl 

•cDNA (_><> j5 ? j\:>5 l 

Jc. ^jaII Aa-~.\^ LLLjia <jjlilall dil \;->5l Jja : (Linkage) JaLujYI 

> 

. vll 1, g x^aa \ (jlj 

jl tCjjjj CjLm^, CjU : (Linkage group) iaUSJ 

^Ij 0 . 1 a. j£i (Jiiii 

aaa u^vi -' A \ kl\ ) jl Ax> ja y a : (Metabolome) ^jjLua 

.La C1a2j jl i_S > J ^ o^' 



<2ujLi£) <LL^> (Support) Aalcj : (Microarray) 4jj$a*« 4iji*-oa 
<c.jiLa V.iaJil c 5 ^Li.i DNA (j-a (Grid) a£^ cs Jc. ^jSaj (AjaLaj 

# s « t 

. Lu_)a. jl lil£ ^^aJI (j-SlSAI Cllliia. (JiLaJ JuiIuoSI 



jLjJaiil ^5ijAj (Vegetative) ^Lu >aS : (Mycelium) 

. A.m.i. : 1!\m Ha jji A iS-ii V 



RNA— II j DNA— SI (> J£ «.Lj Cil^a j : (Nucleotide) JjjjjKjaS 

jjc- CjILoi jS j ( j jjj jjja£ jj J jl) jjjj^l j V-lii jil£i jjj S-lc-lii ^^Ac. j!Laj 
(jjjjjj VjIc. LS ii jcl jill .l^-ijAali ^^lill S-lc-lalli ■liijJS.jiilS jajj •c£j > ^' ,c ~ - 
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j (Guanine) G jjjl (Adenine) A jdi l$J (Purines) 
T j (Cytosine) C Jp (Pyrimidines) <jjd^j£ 

AGCT DNA-JI -(Uracil) U OJ jjd j (Thymine) 

•AGCU Jc. RNA—SI j 

: (ORF jl Open reading frame) £j^su S*l jfl jUal 

(Stop Codons) U^jall i—aSjj dil jid V tUllZLa ((jjJ jS) dil jid 

• JUi u' lP 3 

c 'ir.U>i"i Uld ^3 ja JJdi : (Origin) (ori) AieUaJI * d Aiaii 

•DNA-JI 



(Ua. j] jl Ujja. UjJJ) : (Phenotype) UjAUa 4 aus 

> 

. dilliJI <yjU 

c_ac.ldaj]| ^^ic. SjJ l$J DNA djJj^. : (Plasmid) 

. djLo jjjj ^A J jJl ddj-i-Q dJd 

diJ yA j jl /ja 4_Loisji v j ii r- j ii ^ jx- i (Ploidy) ^ * j ■ 

dl (_gl t^jljjill (_jjUI dc. 1 J1.JI (jjSLj .AjUI 

yij.u^all j^aJI ^dd (_jl i^jlixjjall (jjUl dc. 2 jddl (jj£j 4 (Haploid) 
jjSI jidl (jjSj (Polyploid) Ji-uJI 4c. ja^JI jidJI jjJI dc. j 4 (Diploid) 

.2 

:(PCR jl Polymerase chain reaction) JJUldl S jJUl Jcliu 

.(8.4 JUI) DNA <J=J (exponential .3jhu>) ^ JcLd ULac. 

JJdi ^ j *5’ JjjJl 4LJ <akd :(Promoter) 41 

. (jjJI ^jd jaJajllj ^ Aj dll jU] (J.a*sj 

ij^UI 4idii ^Jl diliii jjJI 41£2d J a^jasaa :(Proteome) j* 

•U ^jj Jj^> 
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JxL ^^kJSI Ujl.1*. (ja Cjjjk <Al : (Protoplasts) 

ajLlII <jk& .(Carbohydrase) jjIjJja jj . jl£ jl Cil jaa 4 lk_a cLuji 

(Osmotic 0 -> )->» >>i\\ •LajlLal! Aiiia I g \» -nj La ^ajLLall f. Lui t.IIj “Llala^a 

•pressure) 

(jjj DNA— II cy> (jJaa JjLj 3JL»& : (Recombination) uu*ihll 
DNA 4\\aG- jl ((JjoiIulJI jUL'l-a (jj’ll’I'N (_g I jl) jaui j^ j 

. ( yiAl l ^ jj-jj-a j jL v—uji. DNA) ji-L 

J ^ DNA— Jl (jJaii :(Restriction enzyme) aa. 
•(Restriction Site) ^ ^ij-a L g -a .>.» i;) j n ^3 J^LLi ^2 j-ia-a ^j^s 

J£\ ^ ajoa jj Jab : (Shuttle vector) ^jla d^b 

. jjLaidl j b c (jjl£ (j-a 

jja 4 js fit kijxL* 5 ijjla : (Southern blotting) uAjb- ^uaj 

a-Lic. ^^ic. l^Jaj ^ali ^ tig ,al-s^>l ^bjgiJI ( jLLi. j >]Lj DNA II ^.ba 

(Jj^Juaiill i LbL i^ya y£-alli] ^ajxuj^a DNA (Probe) jLlaa-a JbuCLuib 1 g 1C. i fi-b£JI j 

•Ed Southern ^11*11 ^auail-J 4 jVq.vH l** \\An) dll] . Aj 

a 1 \j\j ^L 51 $ 1 j^l : (Splicing) J-uajJl jt 

V>» * j ^ (Exons) cjli ! ^ 3 ^ a*jjj j RNA— SI c> (Introns) 

. ill 



cAi&ll ^LLjaall ajjjjill ^ :(Synteny) JaIJjII 

. A qh*s a *A_i2i. CllLulS ^_9 ^ j*o; j-Q j j£JI 



lULjj j> RNA— II 51^ ylac. : (Transcription) £u*JJl 

• jLLaJI DNA— II 



220 



gi DNA— 1U -lajj jj ^ j jj : (Transcription factor) 



^c-udll 4_iLoC« Ja.bJoJ Aj’n (J^l^au JaJJjJ _jl . A^Iai-a 

. jj£>I jl 



^ j^iLu : (Transcription terminator) j-uall ufij S jLS) 

.RNA II ^/hWi i_aajli5 jl j-aJjj DNA 51 jjl J-ac. cjf jj DNA 51 

£3>all : (Transcriptional Start Point (TSP)) ^yAl AA kLA 

.RNA 51 jJU Wlj ^Cjaaill 4_lLaC. <ia I^JJ (_$ill 

RNA—51 J A. :(Transcriptome) ^jjjjIuuI jj 

.La Cj3 jj jj J> J <^1 jjl£5l l^aLuj jll Jjjj j5l 

ALac. : [Transformation (genetic)] Jljj jjjA5 Js Jj^au 

.ojl jilaal j “C5a.La.ljl j I g Al J Jj A ;5S.5I ^ jA j-a L_ujC. DNA (JjiaJ 

Jjl ( JxuCimj (ju^jSLi jj^j La AA) DNA : (Vector) Jfllj 

jjll Jib J] DNA 

JAL ^jj ^ ^ jjl£ j* kSL La :(Wild type) u*Jall cSjjll £jll 
Ljajl ^LUsu-aVI LlA A . Jjj-aLa (J5 >ji “Gl j ] J ^3 ^jljj (Jjj^ll jl Sjla 

.(Phenotype) ^Jl jjAil I J5 UjaLAI kLAI 



Introduction 4_«jla 1.5 

s > 

jjLa^ Jl i_ai^aj (Eukaryotes) A; A si jj dilj IAA ^ CiLJaill 
A5A5I AJall i-uja. AEj (Mycilial fungi) ALa cjLjLaj (Yeast) 
(Unicellular) A1A1I AiAl CiLJaill t-il..j J jiLu . JIA J=ujj J A jA 



ejAAll oLa j£J j . a iAUI diLjAall a_iL j^a 'la jjjA A5j j (J 5 JAu) jAi. 
^jjjkjjfall j!) jjlfLuJL JAJJ jl LLlA I g j5.aj jl tLiaJaS A LAI e.lgJ ^Jlj V 

UjaAI (jjall J .(1.5 JAill) Dimorphic — 3L oLa JSA5I UA jjjl j^-aAj 



221 



4jLuo]I (jSlj 4SJ jj£I 4jn-s'l AjjULaJI LS lc. -1<u*j i <nnWill 

^C.jJlj . (J>,-iq\l I2& l*-a 1 ^g"n>il jJlS Lljl^ ^^kjj 4 _lLl 1^2! jjLaiJt (jjj 

4 qVi-s.n CjlailiaJ jJjiaj ^1 Cjjl tilli A t jj^JLall 4 g \\ » : >i"'\l (j-o 

' g'nn.’hft j <alli-all i at 1 1 ."lY I j dlYYLuJLj LliS^jata jljJjlj CllJjl jj Ajjj~vll 




(i) :AJU2I .-.ijjloi't (Phase Contrast) jjM &lu Ciiii : 1 . 5 JiAll 
Yarrowia ISjIJ L jjL (lj) t Saccharomyces crevisiae jjaJI » jjai. 
(jr) Jiuii) (hyphae) JajjaJI iSUj <((^31 ^1) » jaaa. 4JU ^ lipolytica 

jaa j ;J"','?J." at jiaii ( _ f LaaJ1 jaj £jjjj (Bright Field) JiaJI ojj^a 

(jUaliill JilJill qjLj j^a-u Sj>-a (j) (jli Sijla Js. Aspergi/ius niger 
yaLajauiS jta ij* uiajiLjjjjj (Differential Interference Contrast) 
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.ki. .(hyphae) h £jsj SIwn » ( ^ a j . Aspergillus nidulans <_>uV jAu 
(|i hypha yiu H ^y-ua.'sf jjISj) Conidiospores <jju Cs .jiajjla 10 is^y 
.Linda and James Barnett 5_a & 1" j* j^aJI .CiuZLyjy tr kj P .^kii 



A >u,V'g llj A-ku^All AjJjjaJI LS lc- Ia& ^ jkjjll ^aJ 

^LiiV ‘ guru's ^>iaa3l ^1,1 -s'h.iI c ~~ i\ q ; j ‘ q»^> j ‘CjLjj)->ql\ A_ul 

I2& ^ S-Wia-all 4-1J '-S all (_3jJa]l y* AjAadl .A-iljC. A_i=kjLs> i'll ij-s ya it ’ifljy 
Jll*J .(_£ _jj]l AjjIaj UV-i £-a £jljll (Ji.->qlt ^A ;3lu) A3 Jjmaall 

j^S&j Ijjjjiill ^ic. <uiill (JjjfLij (jjj i_i2Lii.l J j^.j Ajc- V] J>.Vtl Iaa 

AjjlLa jj^ll ^^)iaall ^ajjj^JI _jA yiili\ (jjj l iiLkYI i—lljjail ^a!j . ^jail 

A u.mILj IjjJajj l.uSiM jjV/I Ajjk \1 l A-a j]A\a (A11a£_j ‘Lj^jjijllj 

(Higher Eukaryotes) si yl\ VLk aJIjJI CjUjISJ! ^ AjLiij IgJ a) tL jgilJl 

Jc. <_£jjajj Sl _jill t. «i\»t A_iiic.l CjLi^>las]l idli.ai .Ijjjj£u]I £-o I g g i mi (j* j!i£l 

i a^iliu Saw -a (_£^i.l (Organelles) ciiLujac. isL^al tCjLajjm y> c ji 1 

Endoplasmic ) kajVjjAjVI AjikJI ‘(_p=«j]l 1 ^ .> >»»..i jc- 1*3 j*j 
^a' >dl JJ l^SLajjV olijjjjdl jja AjLao Iajj ^_2I (ER J reticulum 
(Organelles) c A . uwd l yo J AikSI ?r jU. Cul£ ^i_jx»i tkjjhsuJi 

(_5jlk3l j!a=JI Ajkjj Clllj^jiaallj LijSSall (jjj Aj.mLi.uV I dlliiLkVI (jm •Vjkll 

Ja*. 4jjS^j Lajjj tCjlijiaall Ai& (Peptidoglycan) ijy^ V ^1 

(JiLa SAA*ia Aj^im aI_jji ^}lasi] (_gj|\ , s\l ^AaJI ^ y \ .Lijj^jII 

i(Chitosan) jlmjjjlSj t(Chitin) JLIS. j t(Mannans) uUL> i(Glucans) 
jiaill i^jlimai ui.a (Glycoproteins) kjjlm cjlijjjjj U_l£ yij Ji.Aj iaHaS,j 

{_£ J*.s - >*4 ^jlg j-aj aIs^jaj ^)jsj S, - lS» j Cjlj^iaall SLlJa Sjja U .caVXJIj 

<_&ill ^ jjj^ kk.^ villL ^ ‘(Mycelium) ^jjlimjk Jlk (Vegetative) 
VaAi. Aii jk Al]j j ‘(Spores) £d jjVi jjjii Jl (Morphogenesis) 

Ajliill ‘"lUlk’l Jki . AjmW JJC. Aii^jlaJ jl ((jjd!>Lm (jJJ ^jljj L>° gji) 

s= * 

Mitotic nuclear ) <_$ jjj ^Ukjl ^ Lulg kalill ejUjiaall J^»:i..,j ajjjjJI 
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LsjtiU tliA liaUi&l (jJIjii.VI ^LANI V .(division 



. Cjlj^}l3a]l alia. SjjJ (jc- 3jlgj ^3 ajj£j-dl i—iiSdl 





jJaill £)jj| c>a*J 


il& J^d^aj :1.5 JjAadl 


^ yjjjjStyl 


(I) Mbp(.ji«dl 


JJC- 

LjLa JJUJ J-4 J j£j| 


OllSJI 


http://agd.unibas.ch/ 

http://genome- 

www. Stanford, edu/saccharo 

myces/ 


9.2 

12 


7 

16 


Ashby a gossypii 

Saccharomyces 

cerevisiae 


http://www.sanger.ac.uk/Pro 
jects/S/ pombe/ 


14 


3 


Schizosaccharo 
myces pombe 


http://sequence- 

www. Stanford, edu/group/can 

dida/ 


16 


8 


Candida 

albicans 


http://www.broad.mit.edu/an 

notation/fungi/neurospora/ 


40 


7 


Neurospora 

crassa 


http ://www.broad. mit.edu/ an 
notation/fungi/aspergillus/ 


30 


8 


Aspirgilus 

nidulaus 



LjojjSjliAil DNA ,jJ J (haploid) <jjb jill ,-»■>->. I I (i) 

wLIA j t jui’i" 4jjli jSl^dl jjjUt ’ah^N a . 4*1 ^Jc. J^ICu 4a. jaia AjjjjjSJl jjjl 3-a (i _j) 

Jaatjj CjUjlaill je A^lfr CjL»jiua jijj yil ya Luaji JUi . j£l jail Jj-Iajj Jjljla Jit 

. P yZa jail jp AaljjoSll £91 jal 

<http://www.fgsc.net>, <http://www.eurofung.net/frameset.php>, 
<http://www.aspergillus.man.ac.uk> 



1 g (jfLaJ slsLajjoi_jajj£ CjljjjaaJI till !.)•> ~lV'V< 

-Jud jLuia j&j (< al I > s\)2 1 (jJJ djLn_jau_jaj^)$JI J.1C. I aVWj 

iji kJjj iibd dna. (Linkage groups) jidl JLLjjVI 



^g3 DNA SI 4_ia^ (jl . ^j'n-s II ^y.*s t41j ^^ic. “dSLaVI (_pa*J 1.5 (jJJJ 

4.7 E.coli 4SL&) 'iljjSI lALaJI l$Ju jjiiSLj jiiSil eiiL^iaall 

LS lc. j ojiLLo jj£ I t " '1 ^^ic. <_£ jSalj ClAjjjaill (jl (illj y mu j .(Mbp 

(jjjj t(cjjjAll Introns) cjLjLi.dl ^ DNA 
<jjlLo j9,i.adl jjc. DNA SLj Ljjfi5;\l AiVi .(Spacer) dil n-Al jjj 
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Ida. djliiaJI q \ d 



L-iJA. c < a' 



iLj^JaalU 



Lc (Promoter) da.lj dS^ja-a u -0 ^c-uoll ^tll ^jj d n^. \ 

Lo^ic. >. dA^l^dl dic« V (_£dll (1.4 Jtall) cj-j^j^^ b_a^*j 
(JS ^d±J i] cLjjLi^jS A * Ay\A (<L-tfa!Lc c_kjlia j ^j^jua-oSI) dj' n^Sl 

Id^J ^_3_lSdll «\g dl (jl .A. Lac. ^j)Vnj Jiu.Ai j (j-alaJI A&^j*\a) (JflAjuba (jda. 

^J (J-k^a jUI J ^^aJI j)jl£ll jjll ^jJ^^adSI Adilac. AjjILo aLoJC-V ^j)VnSI 

.1*1 u^a djUlT <jc« a1j-o! ^jiaLij dlliS .(Phenotype) 4jjU*>*dt aJ^joJI 

.(j^aU. jLaiJ jl (Multi-pathway) Sdd»l« dj) jLouJ ^ouJI 

(jjjLoj^)£ SaLg jj-a 4dLiLaJI dAjjl^ll ^a ^ j^j^Ln 

a^Il) jjjjjJIj DNA— SI (> (jjjSI c>ij ^ ^ j5ad ^dSI (Chromatin) 
<-ojj ^^ic- ^c-LaiiS DNA — SLj (jjnujg SI djliijjjj J adjj .(Histones djlA j i ^ u A 

&ak^ djljjiikjijA In.njj c(JI! 1 aSI (Jj u>i ^ic. . ,Vq* x> ^1 £ja l * n^_jgj a * >.j~i (Packing) 

> 

(j js gdSI ^(Nucleosomes) ^ jJ£ jd jl ajj^j djLu^ia. JldiS DNA— SU 
c_jjjjj l -i x L .(Beads on a string) "Jaia. ^^Ic. djLna. aSc." J£dd ^ jj^NI j $>^S Ij 

Adjjj^jll ^_udiS! ^3 &^)JlAj j-a ^-uiiSI Jrxldb ^3 IjjA ^ajJoJjbi^^dSI 

A^aj-a ^iC- liu^iSI j-a ^ yixJ li&j ca** .LLujYI j Jj (Transcription) 

I2& ^jx ^jx 2I .-n ' ---3 Juxalij Adlix (J . ol JjJ . " .1 u!5\l ^3 

.(_J Jl 4. ;q )9-s. Ly^JI l_li£jj J Aiitill ^ jloi« (jLnj Jj L. 4j (j£lj ; Jj^aall 

(_J»aJ LaS CjLlJaall (jx ilitll ' V'^*; tAliull yA jJljj (Ja^SI 

.'iAlJa. ojLo ^Ujj jl cl* sjla (jx ^)j£l <1*S 



(Ljbjail! Jj^u) jia^l Jib DNA JllJj 2.5 

Introducing DNA into fungi (fungal transformation) 

Background ^jbajAU 3JdUI jVi 1.2.5 

Ja3 Jaj jjc. dll ;m null dlilju J J 32 J jVI Cjjj^.1 

A-j. *l»~'l \j Ajjl j o Jia Jxaj jjj (Wild type) ^ 1* lib ^ jl*\ (jx ^Jxu 
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A) Ajjlic. sAa <aL_blj Ja jjAa U A A t ( Anxotrophic mutant) 

^Jl jl (j-a Ju V . -lij o^C.13 jl ^ n (_paASkS 

AI_ ^lij cDNA 51 aL°5 ^^joiLAM tJ5 >‘ii ; ^ jAll jljiaJI 

( Aj A |A 11 (JjVn j t i^jl cllLaJ^jl (j»a 0J^o 4_lajJ_jJ 

aliisl Ali oxj ^ .(j 1.5 J^A5') j'^A' <51 jj -i*j (Protoplast) cAiALjjjj^ 

1suj_j 1I Cisl-liil ajLall AjiLCaJ (jjj _jau]l ,^^-lc- l^jj-12 ( A C " ^5jj J J p -all lAtiaJi 

a 2 & A jk ] All IAUJI DNA L>a i_J_jilaAll (jJ^-51 1 u .n<J 

oAl ?* 3 J (Genetic Complementation) <A^' J CLa^lL CLaJi 

CiIAJ V Jig'S ■« 4j\s\l A) DNA 51 JAkaSua (jSJ J . ^ ns 51 

4 UNI diljAn A 1 A “ l3< ^ •-**-! AAA Caj^U! cAa&\\ (j£j ^5 jl tali' ini' A5 1 

^ ')J~S 51 I. _ 1 1 .'.'i'lIII (j-a jiaall ^ajjai ja jj£j DNA 51 ^LaJljl (jc. 1 LujSLll 

.(Genetic Recombination) 



(jjjJjauLajj^jo) ajdaii. A j a~~ l\ ns 5' (jjA 3 JJjlaJ A A 

A^' C£j£-a51 Jaljill Jla*iuL ( Saccharomyces cerevisiae) 

LjjAl ^j-a (J£ ^2 ^jjaij» jj£JI ^La-ajl (jjj JLia jAj (J5.'in j.'.VVm j 1 ic-Ljajj 

* 

JJC.) 4"n A jLlJjlj Jj-ajNjJlj i_iC.!d5l 4ij^)la5l ai A (J^-uU . A' P'S 51 j E. COli 

> 

.t_l jlLuJI jjjaASI a jj.as5l A Audi J;g nn5 E. COli Ljjn5 ;51 A (fCkjoU 

Ay^ A Cy“ V ( i j^l j t a i5-ij*\ 5I eiiLi^iaall (JjjA' 5 <gjlAa A^A jjjAj ' i' A 

^-a a_iiillij ,w~ii (jLii.VI i—ilct ^gi <jli 1 — ac.1 >>i'i55 JjIs .ii^jNj ^j5^>5I ^ 

4ij^)*_aj L-ll^joilj alboijJ CjUjIS ^gk Vjl “CiLaC. C ^-^'i _^ajj^5l 



dllj£j Neurospora crassa j <S. cerevisae i l^a ^L^l\ 

1 

Ciilj ajalL ejVXo. jjjj ^-UaJ' <il5i ^ LaS cAspergillus nidulans 
jj^ki j-ai^ j Aj» nkil IaAjjs ^r 0 (Auxotrophic mutants) alii&V' 
5 g’lxihll eljjl£ A ‘ AjyAI AliaU < 4 -aAt jii£l allLlAAi (JjJ^ASI (jA 3 JiJ* 3 J 

al^JC.V5 AA aA • At*' J5 4jj^>*-a jl a a ^C- 
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t aA^c. AftiVI J5U. LS ^r^ (Complementation) ^1 Jl«iaiY 
.(j jj^J! ejljLjaJI C«jlLs£ aLij (Markers) dal ^Sc. jUteVl 

Transformation protocols Jjjaafl 2.2.5 

JuVl AijWI JLS (ajUJI J\ DNA JUJ) jlaill 

4 CLbai^ylj jj j^)J ^ix^aLil djlj^)Jaa]l ^ C5^ Vl^xllujl ^jj£> y $\ j 

> 

(Osmotic stabilizer ) ^Jaj Cull ^ l5j^ u- 3 ^ <-! ^ fAdi ^dll 

DNA 51 (Jslj ASi i*_j i sCku .(2.5 (J5A1) jl ^ q A 1 y-a . " > ■ Al AC jf' ^ ^ ^ ;1 

4 ;N\I DNA 51 j>j Ca" ^ j_n« 51551 j _^ a diuihyij^ail 

* 

dj^i (PEG j' Polyethylene glycol) J jSjK yyldl jj sjU Aaldab 

JlE. AU& . I&JJC- DNA 5! JJJ-aJ ^.*uii ^ jNlj'nAl I— s5lc. ^gk ej)» >.n lljii 

> 

La lALill (_y«j ‘l$ j5~s51 «.Lii nan A . y IASaJI jjA 

JilaJI .n*JI J3*J klUa alliilj 4 Ao .11 y lAlll t(Jalill j^lc. V 

Transformation ) JjjAill jnji J Cud j] .Ul^d ^ ^_il! IAU2I j-a 

<■ ah-sj (JaU5l DNA <> ^ jt jjlua JS2 aj^aaAl 1AUJ jic. <^1 frequency 
A j5-a» 5 Ajtilall AjLi^laSI 4 _Uji2wj a5j)^> a\\ A id Cllijl£5l £-1 _jil IJIA 
j.lja'l J jj j^aii (Jldjl ^aJ 4ej_j£-lall (Jjj Vl\l Cil jJA jl 5~'l A 1 -l*-! . Jjj Vlll 

Aid .1 al » > .C I dll j.*'.-.*.i (^LaA! Aj > » u) ViSl djj (j-a dill j 5 g j 5 tl 

dil'inul ^t.lVniil Ali^>la£ idiJoiMjjj jjJl (jJjSlij jl^Jl <51 jj a1i.1i (Jj_jdi 

^lij^£51 i_id5l AlijLj 4 aU£ ajj-cd. d5U. (Lithium acetate) ^jAiilt 
^jUiiVI J n. 'a.AalLi JliiiVl a!i jL j 4AdUll ^-IjibU (Electroporation) 
diAUj Jjldl Ah cdkc-i AS Jf a j j A.i ASS (Biolistic transformation) 

AljAj 4 Alilall i al i . .oV 1 yj i g -s 1 i j,i*a a l^H.a».’.iml y£l j 

A-dla 2.5 J ji^all (jjjj diljilj aj^.! ^LiA.5U 

. 1 g >^>^> J j jUl Alii 



227 






Ac. Lai 24 J) 1 6 S-IaI 



(carbohydrase) ljIj^jjjISII 

acLuj 9 jj 1 oXet\ 



(J A ) Clbol^JJjjdl (JjoiC 

^ L» . _x-»\\ 4iu* SjU Jt 



xa DNA31 AiLjal 

" - PEGj Ca 2+ 



jl ^o(agar) j'^Vi jUal Jc £jJ 
(Selective) 

e^lc-U al.-W uut ^ 5 ic- 

jl^aJl cLj 




Control 
(minus DNA) 

I 



Sj_^-a1i iiji jAxiubali ciiiji 



^ jjlj.iajl.ali J-A^I -Ixj .^jauA jla£ Jjluua laaoi^Ljjjjj JjjjLII ^^Jjaj JjSjjjjj : 2 • 5 JJuolSI 
ji (Sorbitol) JjjjjjJau Jla ^.‘waill IflLuali clula ^ja^j JjLui ^ A^Joa jbu ^Waall 
^ (ji (j£-aj . CjULuj^L jj j jdl jUij) j Jlil! (KCI) ^jxuiIjjaII 

JaUJI (j^ajj&j ^jj clu^ .k£2 Ajjjjdall j-aISI JaIjC- tfULijVi Aj1a».1 JaaIuiaJI jl£Vl 
. f L&jjVI AjIaC ^ icLou Ajja^ jUxa <jj2^j ,ji 4 j£aj La£ iL£laJ| ^ gcJ jaII (jj^JLi <ja9li]| 

Aatdal Jjii <jjlaJI J^aJI flL Sic-V (transformants) cjl jjaoaU L^jil dj AlLdl alt j 
.Polyethylene glycol > jj PEG .^l&l L*aj]i AjjaxII jLaa 

Transformation vectors ck^t J Si j 3.2.5 



J jiiJI DNA— II JJ ^ **jkll Jj DNA— II JUjV JSI J' 

^JoQAiVI (JjJ).^,v'l jA J A Ij^UaiaII AjkSl ^»jjaijA j^)£ g a. In (jl Loj 
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^ .l^a IjSiobo jl J 4 (Integrative transformations) 

I^LolLq ^ jjoi^a C5^ £3 ^aJ ^IrCllV 1 (jl La] C^-^LaJjVI (Jjjpkj.ll 

Homologous (jjaj 1 vi-all i t n xmIjIIj ^Lajjl) ^j-c (JjuAjuoII ^3 

jAj jj£I ^ jjic. J£oij ^jj jl jl 4 (recombination 

Cjlli 2 k. ^ JSU11 iSj^. -(Ectopic) jjc- ^ jrLaJjVI 

£.Jj (JjalLaj ^Ic. (_g jJlVj La£ .^)jLa^J1j IjjJj£j 1I (j£ ^3 ^.ISjjVIj ^-OjujJ 

(jSjill <jjjj . jjLo^JI ^3 L_kc.Ljajll jL\ j Lj&JI ^ L-kc.ljJ-i.vll (OH) 4ic. Lja-oll 

^)^.lj ^LcJjl (jjJj Jj-a_jilj£ s-LLJI ^ic. .J*^ ^3 ^£-a L&lji JaAjll 3.5 

. ^JJO) j-q j^j^ll ^j-c J, W a £_Ja j-q ^3 ^C-Q Jjj 

^jj^ ^ic. ^ jilVil (Jsl^ill c* jks o^j^k^ll LiL^JI Jjj-qj <J^I C y * j 

.A •ijjx. ^ t lii ^Lauj U jxaj (Selection markrs) 

^jl^iJI >dL»i] 4.aa\a dll n> diLiA Vjl .^l>jl Ajilil ^1) 0 >j 2 i>JI dlilaJI < q u.n"i 

^13 5-ldc.l o^jila (Jxa£jj ^jil j» 1.1 fill 4j>l]l dl_l>jaajl j)-a l^dLuiiil 

jSL JljJtf! ^ .1 ifuw lilli jj ^ (Auxotrophic mutation) 

odJ ^^jldJI (_>aaiil (>dj>*j (j-lc- (j)J*-a >la3 1 11 n^i (j-a 3>dLall) ^dall joLII 

Heteregonous J2>L. a- L^ILSI SjaUI dl3 cilijLill < 3 * ^Ijjt 
jl£ 13) V) <Ai3l aAac. V >1*311 ^1 >il (jd*j jilj .transformation 

Homologous (j-a (J-akill (_paJj*j ^ Vlunl l (jJj (j-a l3jdLa jdsJI 

.illda duliall S jikSl J-ad ^pll 4 JXJI ja jj d j .transformation 

(jjjjjjLej JLAa (J!La dll jl d A 4jjjlLall ojjjjJI dldLI /^y> _jj]l 

(jj^li£ J t(Phleomycin) y^La ^ila J <(Hygromycin B) B 
^yJI j-a j- >31 13 a ^-a <llda cfiA .(Benomy) ^ >uj J (Kanamycin) 
" jLduill ^3>jia Lml in's (jA3 *■ . 1 >J (_)^»..u,iu3l >f>^\l (jl ^^A > 

idl>ul>JI (jxs ^ >i]l 13 a (j3& (JliLall •‘ClajULa ^Jl >*j>JI (^311 

(JLax-buil dc. i aj» . si (J£jd (>3]l i l_j>Jj£u]l j-o jj>>iLalj£JI LajLLa j_i> adljA 
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A-c jULa ^ja (Jlc- C-iAgJj .S^iAiJI A,j A ^^3 (j-aLiJI AS^^^a 



^Jj A-ludllj .6 JJA^JI ^JA (_£jii£JI cAJ^)^a]I Ja£J ^JJ (_£jA^Jl AL^a'I 

£ ! Al JjJafil ^ic. ^}la3 ^)a cd^)^A JLaxJ-ujI c ^ 1*NJ ( \ t. >nl 

^^3 CjI^jom^! qa Ajllilll ic. ^a^vaI! cdLiA l^)Ai.l J aI^iaII A-ajlLa A_g_^J 

£ > 

V (jA^j^liJ jl ^)Aj-^a JLaxIIujIj ^Aill (^a L£>ldJI ^lill 

jaddl amdS cj^- caIJa ^^ic. l)^-° .a_1a*iLujj q\ ^Jadd 
j£\) t£UJI c^iJI tA. nidulans jJaill <^a (Acetamidase) JjaaaIIi J 

ajLa1i^)£! ^a aa^.j jiuoo ^5^ ^aIi (^dy-dl 

c> ^ yi Iaa J*J a£ 1 .(Acetamide) ajUIIlJ J (Acrylamide) 



qAjL J£jij Alia ja j .Trichoderma spp j Aspergillus diVXo> 

* 

. L ^uA^iaII A_iii g a.ViaII JaUll ^j-a fiAAiiA ^ljoij ^ic< ^ J (_£a!I ^Jjpdl.l 

^ L^Li]! dniLI I a] & jj^a\ 1 LiLill <J^.!a AjAjaj^^IJI <Ja! jj 1! ^ jA!ij jiidi 

i * 

Jajai^ll ^3 Alda-d! jfijf* J )\ ^)-AJjail ^ilLa tA^jojlia]! ^ll\jiu^\ JaxjJall 

S^j)*s a \\ A-jlrdl (^ j^^dl Al x^iaII Jj_)) Jaxdall L_a3jj AjC- . ^jlAiJI 

Jal ^31 <J£3 aj V j .ajIL ^J lg‘V>La. ^a*J cAUaj Ijhmi <c.jjaj aaaj!)12I aaai 

ejA-ao (j-3^ (_£a3I 4 Aic-l x^iaII s-Aa! (On) JjaLuA C- jpi.'Skl) (j! ^Aiaj^JI 

^ja djA^ac (On) (Jat^j (_£aII Jaljll (jjj . (j -0 C> 

Laj .LiLi^.1 A-aiii»A <. ^y\ A^\l i^ja U^ cj^ - ^ 

* 

dAA jli 66A^.1^1I A v llik.\lj A-ijaij 200 Jj cJj-^ (J5Li3l ^c-uij AAc. (jl 

^jLoia ^Ja .4_1a Cy* ^ 9A-g*l^'d' Aic-Lja-a] A Kxai j 

iAjlili! ^aAc« j AjA^jiLJ! 4 -a 3-^jA ^LajJal .3^i» x^a ^liij ajjj^a ^Usiill IAA 

^3 4 1 ix xs? (j j£j A3 4. ; ).\ik]l ^3 Ajj^^a]! Ajj-aLiJI iia ^A^ aII ^jl 

Kluyveromyces lactis * ^ j .S. cerevisiae s 

^3 Allilj A_^»aAa]! Clil AAA^jiLi]l Ly* * J dlliA 

.^liiiVI J*>» ^ ^)I^)a!1ujI (JjAj A jA II 
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ljUo^L* 

j VLajLIu,)! 
rbla MJ a^ill U 

^ ' j£! 



LS-^*- 1 u' 

AljLaJI Aij^)ia]l S^U£ 
^ic- (J 

^laall 4 x yn 

L_L^J 

^ I ^jl (JLaxlluil 

conidiospores 

A!Lli 

(Germination), 

<_£ jUJI c_a*_iJal 

L>^ L3^ 

jjI xA\ 1 c_al u«ol 

<lUi 

4 ClAj^Iadl 

4_Jtx3 ^j-£a3l 
a1cI£ ^jjL<^. 

conidiospores 

Ljajl I^JL&xj-ujI 

Mycelium 

^*1 

conidiospores 



JJ> f> j4 2 Lr Ifr Jlla 

'(JjJAjJI 4jj 

I q5_ | q 2 5. cerevisiae, 
Pichia pastoris 

Aspergillus 
nidulans, A. niger, 
1 0 3— 1 0° Trichoderma 
reesei, Mucor 
circinelloides 

10 3 10 ° cerevisiae ‘ 

niger, T. reesei 



S. cerevisiae ‘ A. 
10 3 -10° niger, A . Oryzae, 



ujLjk&fl jjjaJ Jjla : 2.5 Jj-laJ' 



4^JU m» jl AljjWl 



Neurospora Crassa 



10 7 10 3 S' cerevisiae < 

Yarrowia lipolytica 



S. cerevisiae, A. 
nidulans < N. 

10 3 10° crassa ‘ 

Trichoderma 

harzianum 



S. cerevisiae, 

(I) | o 4 _ ] o 2 Aspergillus 

awamori, T. reesei < 
N. crassa 



(Jl .Qm'ujAj ^ " 1 1 Pi 1 QJ ^ 

CaCE/PEG 2 



Electroporation 



(JLaXJjoiIj 4_LoI£ 4_1 li. 

Electroporation 



£-0 4jA\l 

LiAc 4 / PEG 



4jAll 

Biolistics 5 



CaJXiJi JJJ 
4_Lal£ 

Agrobacterium <*-* 
tumefaciens 6 



£j^J LT^ L>^' S 



4-gj 3 yj»"n . (Jalill DNA qa ^l^C. (J£j oyjV‘i<ft\' U^LkJI 2121c. 

. j JalHI 

Polyethylene glycol 2 

. JA jjll 5 A !. >ij ~i Ay,,.] ty, 4jl-yll DNA — 1! (JLijI 

Lithium acetate 4 
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JjoU A q A Igj l VVD L-ljilJool' DNA Jlj ((jUu^Yl jl ^_iA Sj 4j ‘Q» a CjIj ^ya (." \\ ^ 

.(vacuum) j- jla ja. ^ aAc. 

Jj^*j Aic- t jJaill Jj Agrobacterium tumefaciens Lji&JI t> DNA— W l& 6 



.Luljj dAjUill 

io 7 jss 4JU11 ^ jj jili c.h„<' (!) 




, »<--! ,y.ti f.±i Jjx OHi E.CO/L-l\ j a jj a " £jjj J j£x J3U iaxj : 3. 5 JSxiJI 

ySa^al] J1»J A ^LuilWI J 3 x 3 flaUVI , E . coli LjjjSjj jjLaiJI J JlxiSI Jri) 

£x jjx. 1 1 J JjxjiLSI 1.14 4_ia . jj Jal (j* .ajjaxj jljxSI 3 / a ,. a'I JjjAuij »>-«j <— ua 

RNA JJ a . T, - ' J^x (Jxaiuij (JSliil 1 at .>>j , 1 ' ^ a J 3 X _.i: 1 ALt^xll ? 3 X 3 

*r . >' J 3-4 jA rDNA —II qau3 B J 3 AII . (rDNA| ^_a 3 ^ 33 a' j 
JxaluuJI <_a A-ulLalj AjjJUi (jx Jjjj till! jV t Jaa, Jl Ji^ J£xu (jx Ajxj^UII 

. ^ 3 ™. 3^1 3 j£JI Je rDNA SI AiU'i* Syu^a 4 J j .. *.k i ji 



(JjjiaJI J JILxl j dlljj Jl iS^yi ajaxaJI ? 3x1 3X 3J £x .llxjjll ^lx.lil (jl 

* f 

4jtiixll jjjall (jx . Nala jjJL] (_Ja.ll jyjl Jxi ,1.1c. jjj 4 i-_5LUxaxll (Jail 

Jxiixj Jl ijx JL1I 4 aa jj Jxc. cdliA S. cerevisiae aj^xa J I Jl J-a jll 
J J (_JI (Ribosomal DNA J) ^ 3 - jjjI Jl RNA— 11 jLixll DNA— II 
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.jsjiiaJ! 4,^1 150 (jc. (JL V (tandem) -ALda 4aA\j,a i j_d ^jn>ll 
£-a ^LoJjVI (glc. e-ic-Luii (3.5 iJAalt) -l^jLLlI yg^ rDNA II ^LoAl (jl 

(_^1) (J—Aalil <jLLl1 £-3 1 c^a ^3 (^xlalijll .■ Vi l— u-jLilL) a q (...'-a .a 11 y y*x yA j^)£Ll 

rDNA SI (J— Aaj A... y ^3 .lLa^)LL]l aAb I a w ^aj La 131 ^LaaaLa. t ( T D N A ^3 ye 

33c. (_j-o (jl (ji-aj .4iljjai ( _ s Ac- fDNA (j-a *1 ja.1 aLa^J ^A-a. (JAi ^1 Jj -> . 'nl 

3 

-Isu (jc. (JjJJJ1a]|^ ^ja)j-o]l (jj^JI £-)Jaj (J^Lk (j-0 (jj^Jl ^Lxuj 

S^Lij ^ic- iLi^Jall .}C.Lujj $.l£ijVI ^ (j!>Lk i> -(ALAa ji) 

<. Og*UM<ttll (jjjj^JI *ijj (jLajJa (— L_J (jd^JI (j-o A Cill ~\ ^\\W 

• J <^] 



A jl^C. (JiL^ fi^C. l^J djLa jjuo ^ r <o.Vn ^^lill (Jisl^ill (jj 

^Jc. L-J (jj^l! ^C-Uij S^Lj (^j AiL^aVL^ . CjLi^iaaJI JJJ^J 

. (jjJt-a Cljj^a (Jl ^JJjojI jl (Jjlaxlil (J^l ^jJI o (JLaxHjoiI (j£-aJ 4 jjoi^-a j^)£]l 

(_^l jpk^l "JhinoVI ciujailS" (J^j^j (Jslj (JLa*jjoiI (j^-aj" S. cerevisae 

.» 

(^1 djjj-a 6000 ajjlaj cs^'j Aijj*-dl I g j l \)-> (jJJ (j-a) ojxaidl ^3 (jjia 

(j-a jjAl 4— jl j3 i ay ' A13 j . ( A 0 ' 1 — I y jn'sll <1— Au j ^ ’ 3ut-i I s \c, i LuofLII 

(G418) (jJjoLlLalj^ll “Lajlia djjj-a " (Jl , In i N I Clluil£" (_)-a^J .4 ;q Ajll 4-iAjll 

to a jIjaSI (jJ^-SI (_^3^>A ^-a (JjLalLa j JSJloa-a (j-aLi. (JjoiLuli Aj3jla j^£- li- 

(_>ajL^La]l t j 1 .LAI (jj ><-<■'» ^ ?•*» » »l JJ t"in>il^SI ^As (j5 a !J 

J5 .'Ml) 0 y~\A ^gjj ^3 yj l a,'lg"u>ix'll (jjAl ^3 ^yijLaLuLI (JjaiLaiJI ^a ClUjalLSlI 

fju f3 tjjLaaJI (j-a dll n-N <C. ja-y -a jl (jJ^. j^-a dLuilj-llI o3& ^3 .(4.5 
jkla (jl Lak. t ^a-all Ai (Phenotypes) ojaIAII AKAI dljjAl jc. drAI 

^r g 'u' a j~\ ^ AS .1 ‘l .All 4Lls A ;K i 'ii dljjij (^11 Lallj (_ $3jyl V A Ujja 

DNA ClH.,uAuu 5 Lu.il (j-uAiall a_uAAI JA*luiL S. cerevisiae dLuA 

jjLaASI ^gi (_ig_joal (j-ulaLLall l_± 1 xuAI (jL Aa. jl A J .PCR SL l^a.AI 

VLaa.) (Jj_j^j 1I 0, A (jj i"n% A A II dL^Adl 
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& ^(^UlaJI (Transformation frequency) 

i (i- AjLolLc DNA (JjoiLajj 

a jl^c- (Tagging) t A^ix-o Lo-g 

.(Bar-code) jj ja DNA 




JljjiuiVI Claris ^jaiuiL S. cerevisiae S jaai. <^a Ls l i ^. (deletion) jaa :4.5 Ji4i!l 
(Kan) ja mjI «*<ti Aa jlia (jj^i ^Sg (G418) jj- j' a CuaulS jjiaa .(G418) jj“o' ai^ 

jjllla) bp 40 Jxilnnj (P) jjlai illjaa Sjiaaau aaaa Jaxa ji!l 

^..il^l. L-uJiU Aalag JiLii ja jaaJI jaa Aalag ali ja ail Ja£ jaaJI AalgJ ^lg (jialill 

double cross-) £jjja!l (jJalUll ji) jjj* 1L (homologous recombination) 
fu ja>« ^ . jaaJI jaa ^1 (jjja U ^ j*ajajjS!lj ujuU u4^“ 0# (over 

Aalaaa CiM ullil i_il jJai £a ^aalaj ailjlaVl Jjlaaj ^a ja ja j j£l! DNA J< aL u*l (jaajii 

AjjjjJa j*j oUaaJI ja jaii£!l ji Laaj .(DNA repair mechanism) DNA ti jaLaa 

Aajljj i j\ AajUxJa Ijli fjl g jaVI jJla ^ (jaJaa w La " j - *- all Aalag jli iAaa. AalaH fliai 
Aailall L# iaaj jaaJI w "'A , ,.‘ ja aj^(j Aaaal jia ^a iaaa (diploid) Aaiaaall ail 

jUaal! ^Ig j jaa j^alig Jaaaj ^lg 1 aa - ** jag Sjjaall SjaaiJI laili. f Uail ^aa j .Aaaia 
Slialall lailaJI la * ual aa jll aial ^^Jg jaaat aaSJI ja AJUi jail jA jillj G418 jjaaJI 
(|jU.i ji iAajlJjS lg| jai £aial ^IjaiVI flalftflj (sporulation) jajaall Aalag *Jal 
JUi ja (j-v aa'I jaaJI) oJjaiaaJ) s jilaJI Jaaa l^Aaaj .(haploid: Aaiaa^J) Agja%a\l 
.AaiiJI ^ AaaaAl j Aajjjad jAaj jAaaJI jaaJI Aiala ji AaatjJ .aaj jail! JaJlaa 
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4_i1aC. A ^a <U-<i*lLaiAll (Jal ^■lax.a Axiixj 

^)>a .CIjVL^JI ^>h* ^ ^9 \ \ u>,\\ (. qjy >>i (Jj^^j ^jljalc. 

-!c.Loia]I (JLftjtHuil tilLiA (JjjVi'1 o-h^-^ ciiV jA,<*'l 

^jj dii^ (REMI J Restriction enzyme-mediated integration) 

(4 ^lajl) a \\~\W (J-^j 

C5^ (^ixk]l) ^-jiaLdl .lLajilJI A-l^, jJ ^aJJ Jtillj 6 .li^, j £9 j-o 

(jt (j^ .(^JJjVI l>*^ L5 i c. DNA ^ 

> > 

^a) (JSU1I (j* Ai fiApC* ^CjoiJ L-JlxJI ^ jVI 4j^)Li*-dl 

Jl l-JLxJI ^a REMI <jli J ^ j nMl 



.(5.5 (J^joJI) ^ j n^ll £fli j-o ^ JaLill ^j-a Sa^ilo ^cjaij 




^ Jjj La cAjjJla <bluu 4-^jJ Lj|i DNA ££Lutlui2 (^jaljj) jjjC- £j-a JLjU (Ectopic) Li. 



235 



L-malal! Aulas' Axjjia 1 —uj . j»^u< ja j jlil ^Js. J3| jail (jiaxa ^ ^la-llVI 

JC-Laa jrlaAjl (i_j) . jilauIVI xlja ^ (Aifrlaiaa <ja jjSI jl Aifrl alaa) Ail Jalal! ,V, 

•'-<<^ (REMI ji Restriction enzyme-mediated integration) Aj^uaaJI cjLujj^L 

Jill JaUll £a AaUll (jjajiUll ^3 Aal j *J^a jj) JA^a ,ja a jjj£ Aju£ t °l i laj 

Ltil ^jaaaJI £3 jail jJaiLi Uua aljUl DNA 11 ja j»j jjVI J^jlA j3jjj . Jj^aail 

la i ( _ r kl JSai ^1 j^IIaII Jiuill (ja JaUll Jjaaj <Aj3jJI Quil jau ja jjill <ja aAfr 

» AA ^Laul jjjl jUuxll ^LuAjVU Ajjlla . j»jau jajjlll ^3 a Afr Jalal ja £a ^laJiiU Jliall k«j 
aAalj Al.nl) jlaill ^ jaSI ^Ualja t ^k JaUll CiLuJ^ ,ja jj£I AAC. £SaAj AAijlall 

. JiUll ,ja Alaajj i jJaaa V J3lja AlU& Aalljuixll uuu (jilj .(^Ua J^ 



j*J^a ^^Jc. .^a.l«..j l— Ijl^all JjAAjjaII ^LiiU aAlall JjAaJI iS^ ijj 

Aa 3 JjAiJI Au^.jj 1 ^)Ajlaj UIJaI .AiuaaaJl Ajl-sll ^La-llVl 

Ulla Aa.1 . Jl*3 JJJJU JjLaalai ^_jau_ja jjSJI (jaall. £-3 ja ^J_l ^ La Aa7 I 



a jaL ^a jjua. JLa*iuil ^_k- Aau*ij Aspergillus spp ^ ^ Uja ^ki ^ 

(J.>.iii>.iU ^^3 A d'k a a^ik Ja*\'' aJSLoi AjLl.Aj j ^.^LaAjl JaU ^^3 (J ja*\ a A n» a 

C-AJjlulj Juts IaI Jaia (o^Slk JjjA J)a) ‘ "" (Ja^ - ^ ^Cii) • JyaJI (_>aaj ^Jc. ^)l.l 

jaUall JjuaJlj Jalill jjlft jiUall (jua Ajiia Lai i'l) (jajl V'i a 

Jjjj Jja (jSJ j ilajJUa LiA (Jjj)^>'lll AAjJ -(6.5 (J^uall) ^jja^ajj^ll ^3 



(juaJll ^3 _ja ^ L^uS A3 %40 Aaauj (jjS <1 j%"ia\l Lj!LLlJI 

( (j£uall ^ HI'S Aua jL/lj (Jlanauil Jjj . Jja Aaulajl A A >n4l 0 ajl j i_J^jliaall 

(Specific gene disruption) AA^a jya. JA=i*A u.-uJ.Aall jyaJl Jaaj 

JaUll Jliill ^l-i2kj-uil -q Ju ^la .L-i^U^oll ^ Jjj Lq IjaU eiUjiaill ^ 

jiaill ^3 dj\ai J (JjJaxlil ^aJ^jU ^ 

f « J1 

1 (Jj-o Jj£! ftjlc. Cj^LuLojJ JSUJI Jc. (^.^1-JaJ J C_L^Jj c JrajA.ll 

^ (jl (JsLil] Vj 4-ujjl ^kb 

C 1 ^ 

.(7.5 l M I) JjjLill i— sl^aj AjtuJa i. Jm*\ %50 (jJ) 1 J>° 



A_Uaj 



6^ 



-5U1I 



fJA ^ ‘J^4J' 



^ jA ja ( ( xJalij) J (_jajl •s’lall ^UlauLill 
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M 

pyrG pyrG 

■ ~ ■ "I 

jjc.) Aic.La^» SjiL (jjc-li) 

(j-> JjjjiSjjjill 5Jljl S jLi* j ill (PyrG locus) Aij<» ^USil : 6.5 JSUII 

Jak (orotidine-5' phosphate decarboxylase) utiuija 5' Oi^ujjJ 
jjc »^ak» Ai_U Ja, A. awamori <> aUUUi 4J5LUI lSJ^ .Aspergillus awamori 
ajj^j i—iSiajjj (Uridine) ^jjJjjj^I <_uSjj V ■ : ' j ^ ; Jl*i jjc PyrG (jjaJI (j- 4 Alcia 

J-lsj 4jcli jjc. PyrG £y» ^ a ■ »* JaUII ^ l^J ^ ’ fU ^j|j*J) Jaui^JI ^ 

f t a ^ # f t a a \ I AJiLUl ojilaSt ,jc. ‘ alU DNA—il J.-i’i..)" ^yic jaj^j i ^ ‘<'j .sjila 

4jlxi <U-U lauxa PyrG £Ua ^3 Al£ Jalill joa-lL (1) (jjila jjjc) ^j..*I^*«W uuUUJI 
JaUil j»LiiSI j jia JMi. ijji j jiUll (jjalisil) jjjxJI ?jj (i_i) . JUa PyrGgene 

ft&l jfuj .(4.5 JSU3I ^a US (DNA Repair mechanism— DNA II ^uUaS u%iUuj 

. (jjJjjjj Aaiui (jjAj <_jJI.se. Jxuij ^a jaIII yi e L^jjja <_jJe flL ail jtaitl LiU 




jU^jj U (A^a. JSJ kb 1 JjLj) 3 A^a <U <jJUJI j 5 A^a. <ja (ja all jja) X UjjaU 
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A. jiaa argB jja. ilia t JaUil ^3 (selectable marker) flttil <^a jk 

tjjjjjJal] Ornithine carbamoyl transferase » jLi Ja^a ^ jJl j nidu/ans 
jLui ^jl\ (^jilatl jLJiil ^j) Jjjaj .(Arginine) jiijSU i_u£ jilt 

jA 4J5 La Jj^ii >i . JaUSI ^3 Aiij __5 jISja (_jj jujjL 4j<Jaa jA (_ytai 

<illi jA 0 jjj Jalill 4 iauiljj argB ^ ajiL JaIa jiaiSI 

<|Jjj ‘(') 4.5 Js*ill <juj L& (3'j 5’ jjijM cSjiuiA <_ytc) (t^ 3 ^) JJP-i 
ylljj .(lj) (marker) argB jjaJL jjiil J& X jA»JI JIjjIuiI ^1 

. <jm*jtfl filial (jjJ jc Jou j jaAII L P& SjJllil CiLjJaiJI (jA diljjaJLtil 



Gene cloning 



£oaJi ji JLjuIujI 3.5 



(J^ i aiiii (Jl j V 4_uil jij Aili jUqil Ailiia. (J jc ^a ^LaJl! jl 

4jjxaai]I jjki] oAliC AilajlaA iLaJcl . lg. U.J j- alkali jka]l i-ilu^il jjj jAli 
^gi 4 _ia*I Aili jlz3 L_aUj_al jc 4_i3lill 4 nj-~.ll CjLojLoall j3jj j»ic jc 4.A>li]l 

(JaLaVI J II - ' -'■ J l^all j^ e^jilkil Ai^^AA^I ,JIat"i . 3 jl A-La V - 4 4 '*1 ' q '3l 



^^jtnlall (_K .Till SjalL AiY^IjA Aai&. cdllli^JI ^Luilil 4 aLaC 

Ail^jLii illiA .La Aa^)^a 4Aik j Aj.Wl j)A j^AJ C (DNA (Jtiil 4 lt.3^ 
AcIjS ^3 CjjjmII (JaaLaj]I jc s j3j1a]I CjLa^jLcall [J J*i' ^_ic Aa^xj a j3 jiA ^ jA.1 
.a niVu jj^ 4 ; j;k jli 4_^i j^]l (jc LaIc ^(Database) ajLa jLcall 

jail jl 11 —aA^JI Vl*a J liuilia ^LjiiVI jnx; AiliiiJI i_yix.) (_gJI 4Aajiillj 

j^AJ ^ill 4<2iili]l Ail jjjtijl 4 la ^ il a jj 4 .1 A II sAii^. 4 iA il 4 aj !a J (Jli.il 
. (jjjaJI (illll 4 auLjI (_JiliA Jj laua (jia^)xi .4.j-aUAj 4 jj,iA ^ Ail 'Vos' l^ic 



Mutant isolation Cil jiliaJI JJc 1.3.5 

Ji£VI <Lh jll ja aiia^A o jakl (Complementation) ( _ s iicJI ^tnll j) 

Ail^)ilall (jA liA (_^k. (J_jAs=taJI (j^lj 1 4 qj k_^]l ^ _jl*-a ji^ (J3*^ AjlbiS 

ikLljaall JaI _j*JI .iAA^Vl Aili Aj^jkall AiV^Cull (jA ^ )Jii ^3 4 Ki : >ia 

(jjAljl JC J jjjili J 4 1 -S mVi Jl (jja kuiVI ^^tAa) a j^I-iaII CuIaajSJI j 
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aLjL cjjSjj 131 Cjlijiaill ^ CjIjAL djl^V <a^a (Nitrosoguanidine 
.(Growth tests) j*A\ C5 3c. <a.\^u^ll ©jiLlI <1^ 

Laj Aj^SiA\ ^LolaI! ^ja <ail^A dal \ \ -\ <jl Iajj 

(JLa*jjoiI ^^ic. (jjtSJI jtilk! o* ^ CjlAkiA j A^l A*J1 c**ii 7fcl.jla.Vlj 

. ^LlaSI ^jj^Jlj (.** ^lill S^ilall (jA <all^-A AJjl ^1 

A-IjI^aI ^A S^J^a]! A-jjl JAJ^\G (JaI^xJI (JIaXJ-ujI £_£jLolA (JA 

Jaj^II 4-ia-j-all (Ja lA-lic- ^ u«oj^ .a.1^.1 ^11 4 jAH ^2 a^)ila (Ja L_Ujau]l 

j S. cerevisiae ^ aL^j jjL ej JjL I A .ClAll Sjikll j 4 _a12I 4jLAI 
<jjL 3 t-jli-ai 2 r° 4jla*2J jIaj CajAia Ciial gill N. crassa j A. nidulcins 

(j»a 4jt_la2 jjj J ;^t‘ l *'\l (jl - ^ II (jjiLaaAil glc. 4 , >» ;a \ . n ^ CjLoilj.lI v-a V 1 ^ 

t(lnscrtiona] Inactivation) jy=J JAxjj JauLAI Lj^ gi DNA 

i__aJi^JI ll^J . avw o ajiJa ^gAc. J. . >>aW 1 LAjUl gA jjjaJI (JaslS i q '■ ^ * jl 

Ajstnla DNA ALA yb j (Transposon) jj j^fAil jj j' uj^' lWlJ jAaj 

ALLa .a jLi£ < a\. uA gi <■ ail >i^'l ^ j jj ^ V- jj.1 gjj y jos (Jiliil ^ V- a joU 

jAl (jjjjfuij jj lAlisij S. cerevisiae gi AjjUl (jAj Ty (jjjjfujljj J-a*Ajj 
JL^j Candida albicans j Schizosaccharomyees pombe —1' gi ^jUIo 

^4 j^jUa'I ClYNaJI (j-a Jj*j ^ 'j H (JjolLojll jj-laj ^aJ As . Isdjoaa Ljj^L La£j 

> 

4jjA AJj ‘ y-a~>a CjlilAI ,Aj-aJ -Cllljll a jJaiJli IA 

a JlC- ^ ^ yAia gAc- AiA gjj A-aa ^aJ A j . 4~l9 \ A j j 

CljA ^y<j A- . Cljl j a >1 i ’ t. ^ ^ w (In"7) ij 3 J JJ tJLxutJaajlj 

ALiA .^AAIj a^C-l J ^jjjjfuijljd g.'s.u L "'' gi l^aliaCLajI 

• 3.2.5 (*-laLAI gi Uij£j (3fa 0 gj]l REMI — II l^la Jii-a Qli. JAaxA (JJ^ 3 
lV^ (Phenotype) jaIA J£A gJI CjI >LlII J ^ 

(jc. C i\\ 4jLaC. t^AlLa . Clll^)^»i'n»iAI J4j5 JJlxl g->.iui ^aJJ g5 iVnll 

aIaUJI Ajl^ll aIiujj 6 j^A SjIa 

^)j>g hj ^ajujj ^1 ls (Agar) .j^l (Ja3L1ul3 .ajjaLIaJI 

40^)J(^kAll 6^)A*IL aiAl Aj^La jl (Clearing zones) 4ikia 
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Jaaij ^ull 4jl-sll ^jld jjii dilaj jj*^ a ji Liatt dll n-slt (Jjc JLLd 

f # > 

(Agar) jilt (jtuLt Jadud la£ .^pLpJI diLjlaai] jAJi Saprophytic 

yp.j je i < .Alt tilljj t.ipj jjjj£ j.ixuui£ (Starch) c- l.di.lt ^gJe j jt 

JSj 4^aU. 4 ^yt jn„l till^i IISa j .(Amylases) Adili 4 IN alt jjlial dilajjjl 

tA jdjd^ J*as jaj ^t, , |-s"nnt jliaJ (Jljalt (Jjiui ^gle . dll jilalt £-ljil ja ^jj 

^gi ede J-a*j jiijjj £-a jtjaVI ojLaij JaaLu Caa tils t4 jl-S.lt 

lat t A il-slt ^ jl^. A. jV AjikJt (J%*J LiA 

l£UJI Ia^jc- a jl^c. ^jc« S^Ala *■** tit 

. aJJ ( ga jLL j~n 1 >ilt jjjjjill jljit 4_llaC jL/ japi jt jS£i ^gjlt 

Mutant complementation dil jiklt (41 a£j) ^12 2.3 5 

(gi jgJv. jjliil ^jsp. lW^ t g la-\a_1 (Jliall ^jill DNA — It £-l =»2 0 aJ jSLaJ 

(Jilai .4_lipJl A nSall (g-ajoij DNA 11 dllil ja. ja ojJi£ As- ja-s a ^liilj (JSL 

.13 j tjJjLaS DNA (ja A |‘|J^ AS i£a (JLuCLoiL a J. W a ojilal (^aliill) A laSllt A jlaC 

dji j)j£j dip. A. nidulans j 5. cerevisiae dldaNI yi ids LLpi Cndl 
t_ aLdaVI jjj JJ*JJ V dllipJI dll-dna J>IT i (jt .(8.5 Jddlt) Lille (Jjjdill 
jllal ^gi IgJladLul jdaJj (Conserved) "da jAa " dlljjjjjl l^jt (jt 1^-ljNlj 
^lij 4j\aC JJC. jlaalt (ja dllli jja ^Luilit ji .133 lillil . (JjJjSj 

<jld jgi ^liill j£lj t E. coli — It Ljd^j yi djtjiL (Complementation) 

JJC jpa jp. 4iila j Cal jd j a . Aj I 4jii jjall jiVi . jajaL? I jA ^gSJJ ji»3 

(JLk.ll jiaJ .1 IJ.^aalt jiaalt DNA (gS i-ljlhialt jjplt ja o-laJj 4Sm'l ^ladl 

c>=«jj 5. cerevisiae Jia jlladll ja ju£ jie Jt (pa jLL) j jltj DNA 

aJl*J JpljJJj odcLojali jt j£aJ dip A il-ylt (Jdtj jgJt AiiapJI dlLijlaall ^-tjjl 

A 

A ^Ijj A_iLoC- (J jji^ x ) 

6^)£a 1 JIjIIjj c^AiUaLc Q^ 1 * 1 ^ x>aa i ^-q A-j^)liLa t.*’ il 

A 4)3q j ^jC- AJajix-o 
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Jjlltll “A” ^yLuJall (jjaJI 4_iiii ^ “a” jiliaJl jjaail 4-LaSlH :8-5 JS44I 

yjaJI j .( I I ) Jiuij A ^njjh'l ( K//1 ) Jiuij a jiUall (jjaJI . AiajiLlI ^S- 

. w »j;^ 4jlaJ) jaIi ^Uuu Iu J 5L JSaij ji ^ j j£JI ^a j£_a.lia JiJij AjiiJI Jil J 




Jlaj ■ l _... ’;i, jlaS <_ji 4 Lx a tjslal ^Lull j\ AltSSO JLulLuiL (jaaJl j'Luiul MJLijia :9.5 JS44I 

DNA Jl [jl ft A ^dluJl (jjaJI ( I I ) Jiuill Jlaj ,3 (jaaJl (JZZl) JS44I 

Lf lc- J jiaill OH ' i^alil f.li (^H) Jiuill Jlaj . (— ) »j-ajj ajjaaJI 

t -LU MJ A (jaaJI lijjljj ^ jl jilaal jaJfr Jiaj!iUJI j " (jjj L-uaaUl) Jtjjj . .iwJiLlI 

jau jjl\ L£laJI jaua uaa .(Sectored) ujljauLLatall 1 » il£ai 

2 alii jaaxiuaall ja> iJaajila]| J> (j^-aa . J l — T al 41 j ^Jl la (_j jiVI 
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^3 (^LoAjl (jj«lj) cJ^Ljajj (_^-^l Alq^)Ij]I -1^1 jj (Jib 

-Ilo^^IJI I 3A (JLojtlluj! ^IS-i ^ * ^'■■^^k.llj A_j_jl»3AJ A.Ja-);vSI ClAj^)3ra,fl.SI 

.(9.5 (J£j>j 1SI) 6J.W.0 Clll^)iia ^aljj ^Ac. Aj^Iabl CliLliaJI Q^ x ) Au5iu22 

l^yx a^sUa aA^Luj Jjc- Clil^^-dl (j-a ^^Ac« ctilSA ^Ao cSS-ba 



Ljj£J! ^ lU*^ u^ C 5 ^ -S^ l£jA^j) l>* 0 j ^4. nidulans 

DNA a jAi^ ^-La 3 j ( ciA-^Aadlj ^)-aL^JI (on) c-kc-LjaiAl $.»ij ^3 
Wild ) Lla-nla il£jai ^JadS Cjl^j^k^SI i^ya JjVI ^^^Sl Lai . (a_ujI^^SI .Ijs) ^jAadl 
^ ^idl DNA— U jaS 4* ^Util jc. gjjjj t^ULVI ^ (type phenotype 
jLolLq jjc. I^j j, $ A )3 ^UAI ^^iSI t-a» *^ 4 . nidulans 
jAjj \ g j»Ja» \ (Sectors) ^AalLo (j-a (JjSllJ C* ) 4 (J^Aall LS^ ^*^1 jft S^ixJjouAI 

^jjj Jo-aLaAl c > \) xVilAll (j-a IAa ^AabAl ^-aill . l^sUa ^)^VI jj^ x }SI j Lix-nla 

AjLaC> s-UjI Ji33j AjSSj jjlaSI ^jJ^AI (Ja^j CIi^jjI DNA 

iJ-qI£ LjjI JiLb . (dulA ^ic. ajI (_^l) Lj^I^SI ) ^3 ^LuibVI 

A nidulans — SI o-* (^b^l j^) AaAVbdl cAj^u^SI \SXl ^ DNA — SI 
^jS-qj (_^i5l (_^^>iaaSI DNA — IS cJ-d^JI -ii*4^-4l Jjc. E. coli — SI ^A] A_lbj 
l^_jl Ai^SaSI 6 ^a Cj 1 .u^ A nidulans ^ 4 juAj^\ s^AJaSI aA^£j ^j-a 
^j-a A^.1 j (J-qISII DNA SI (j-a) A inak A ^jAiJaakJ c ^ ^ W"n Vj Aju^uj 

• ^ tto\ l i" 



Gene isolation by PCR PCR - J ^ u^' J> 3.3.5 



J Polymerase Chain Reaction) J^hAd l *jAA\ J^lb UU. 

.(8.4 JfhiSI) aJ^jc. j u^ ^SjujjjV ^jl AViVI ajuoiIjj ajjoiLuj! a, ) V q ^ (PCR 

^jc. CjLq ^ 1*-^ cl)-^ V ^LuliII ^^3 A iVq dl 6^A ^\' x ) 

^c.1 ^3 ^3 a_5 ^juIaII DNA cJj^d-ujj o^j Cy^ -be* A-^_jLaui a bh j 

^ajU^.SI (JxuLujj ^jC- AjuujIj diLo^Lt-o ^)3j^b cJa^JI .Clb^jjjVI CljLc ^Lt-dl 
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Ulft jjj La£ . ll jyij UlCa _ji*-a]| (Jl jj V _J 4 <j jjaall ( al \ . a~iV I Jj^a .lilaJI .lie. 

/t-a A_la^)!iiLa]l c£lLj Ajj^auall alltjj j-a]l (_]£ yajj ^-a j'n-s \1 (J.i all nj]l 

(_pa*_l3l 1 £ j diljjjjjdll jl Hjljj_^a5l -_1L (Jaailul AjjlLa ^ya .l^ijUa j 

IgJLaaU (jLaJ (Highly Conserved) 1.1*. Aji ^a*-a IjXJLaJ ^Jc. Ja-a*j 

.PCR 51 (Jc-lail aliUjlj ^ji-aj-aul 







r jtjiaJI DNA i> M** 5 ' 


3' 


3' 


5' 




© 




J PCR 


CD ^ 


r 


PCR ^ 5 


3' 


3' 


5' 




© 


1 


PCR 

r 


5' 


3' 


^Ul PCR Jc-IIj glia 2 ' 

> 


5' 

r 


CjljU.aall A J&a 



Allala *-a aallll i~iaaiai 2 J 1 Jc-Uj ljUiLi ^Jj>a ^a (jlaali ."(j»i,n*n‘i L" : 1 0 - 5 Jlaull 

ljUjL £y» gjj^a .yljSfl PCR II ^,-1 » 1*1. tu ‘ a'^*.„.tt (conserved) Alaji*_a 

•* ^ 

^ Jattluu j JjlallaJI J*l J jlj (_ 5 j*l Aiaji^a JaLLla jaa aalUl i"taa<<*i 4 J 3 JfrUj 

Jtlill fLicI ^jj iillijj .(template) i_4liS ^jVI PCR II jtlla JLaaiuiL Aajllill PCR II 



. Jl*3 JLaij a> »A , V.J 1 (jjaJI Julian 
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ojj£-a cljLi tjji ^ 3 (Genetic code) dlj^H Sjiuiil <jl Luj 

j-o jisL jiC (j! (jSxj ^Ijll J ij\ c (Redundant) 

^3 ^gCAM iJ.ii. a i uU LS lc- alia A. Ul) J&liill clCla (jli 4 (Codon) 

1 3 4 aJ.iaCa (JaalC CVl a'i ~ 4 1 Clj DNA Cilia J=a (j <0 0 jJa ^gA ((jjjj^jJI 
(JuiiC (jjfia CiilLail aJLsJI ^gil . \)A/I (_p=uadl (Jaalaiu (_>uaj Li»i 1 g K 

(_£jlsii (jjj _j£L5l (_j^a J^C. Jsla l^)iCa Ajjjq^i all JjJalia ^3 A j ~i i aY 1 (_paLadi/l 
lg_a3 t_ijc.^a jjc. Cliajsa ^liaj (_gjliu3 j Jc-lioll ClCLa (ja juafi 3C fijauni 

Jjldi d 1 -N nljiuil (i3li^9 4 ^-laij La UJ^. Jldual Ijjj .PCR ll (Jftliij 

(Nested oCicil Jelia clda JLa*Cal l^c 4 cl j J£l .di (ilia 

Jclij aju) JcliiSI clujlu jjA (jlial CCill 0 1a Jamiuu .primers) 

jC 4 PCR— il 4^1511 Jtliill ^3 (jJjVl u^jjil Jdda JjVl PCR— II 
.(10.5 Jlill) Jj^\ Aikiall U* 

t JjVI (Template) c_Jlal! (Jc-lioll (T&xiiuLj 

(Agar) jlsVl pu ^ (Smear) dJ JiC JjLil iijliia cliaja. 



^-a Jc-liill ^jlu l g jlc. ^adia ^gill Sjl^aJI 4 al"i-\"i . ^gilaj^dl (j5djil .lata 

jel jail JuiLc 4... ua a.a (annealing Temperature to template) dlill 

Jlaxiuil Cc. J Vi 1511 Vlualia ojljdl 4_a3 (jj^J JjCa Jla-a lilliA lillil 4 DNA 51 

i—JJ^d 4 j-s 1 A ilaidl Audill (j»a .<aliCa C5li.a.luU Cli Jeliull Cliilu (j-a £tjja 
JJl^a ^Jjd (iUiSj (^-jlullj JjVI Jcliull ^a) ,ald55U iild ■a CdjJ 

l_$3 |>S . .~l a DNA l _ 5 "l c ' J Jail'S II J^.1 i>a til5jj 41 dj'N a i_g jj'S a cl j 

.4. Vlg'iuiall Cjj-aila <iualdl Jclilill Clujla (j-a V] ^iia V 4Ca5lc- A n^>j>^rs 
cl g luiluil AaJd j DNA 51 ^Loiijl ^ >«Vn . Will ^ciia (j^a dtlllj 

.Aj A u <, a j^^pa J^ldl (jjdl Jjc-J ^laiaV jliuid l^-aljdi 



^gA ^liill ^gic- d*j V ^gill (jjadl Jjc. (JS ^gi 4 tx » >>l l <laij (jl 

£»a (jjdl La (Ji.ai.uU ijjlLa (jl .dailaiaj ^J'S II A q A J CL Jlat_ail ‘-jllC. 
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AjjuiISIj 4jlaJ ^ hx") Ia I jjU (j Ajl^. L_flli*-al ^3 i" \\ Cj^LoiLojj 

^j-o . L_ fit j J£dj ^j fcdjj^ - ^ A Q) Jra j ^Jj 

^aj] *C1iaA! (_£.1a Ajj^) 1 Jjlaxj jl *1 j^J (^jSaj A ^).)^aj (jAjJa 

^ a^^\ j (Phenotype) ajK^ djlj^iu ^ic- J^.^,:i li] LI (jjLlI 

.(Gene complementation) ^tssll 1^ JL*U jSLia cAijUl oL 

fc _ja ill L^jc« 4_x^aL. t a1a*Jjoia]I 4_a 3 LdaVI djl j j il ^JjojV 1 <^a 

Aij^)Iall fiL AdixJ . A )\*vll ^3 ^dLSI ^jjjj^JI 4_1a£ 1-^f* C5^ dllj 

&LjVI-j dj^^All <ja a ^ajj'i RNA^ (Antisense) LIjJiaII (J.a.^ia11" &Luia]I 

^idac-VI J jxxjW RNA— U (Complementary) aIA^u Ja£* ja j ^LaII 
dL d w u^l .(11.5 jyi) Ajl^k.'l Jjs ^ja ^jijj^)jll aSIc-L ^ jlia (Sense) 

JjlAkl! (JA (j£ ^9 AW * (J^ ^ Qjh J £joi! J Jldj 0 AaJ-XA Al^kj.. 1 )! jIaV I 

.jUa.VI (jiaxj ldi9 ^^ja dlli 4 A-ilaiakll djU^Lall j 



p 1 


- X — ► | 


LL 




: ‘ 1 


| ■. - 


b 



4 

5' 3' 

*- AAAA 

.UjVI u^U- mRNA 



5' 



AAAA -<■ 

3' 



1} 



4 

5' 3' 

*- AAAA 

»UjVI o£U* mRNA 



3' 

AAAA 

5' *1^1 ^L£ RNA 



QjtjZxA RNA II jsliilujL ^Hil k;;**' AjLuILu : 1 1 . 5 j£44l 

(joAlajVlj ^j)< u’uillj X 1 *" (jjiJI Ji >il. in ja ^jjiuil JjLli uaII JLJi .(antisense) 

jli uilja^ll ( »L»I (jjaJI slajl Js. fUj . T jrmlll i_ia jj JmlnMj P liljajJI Ja o4a 

(jUj^lj njuflt all sLaj^lj ^jIjJI j isLajL IaAJ^I RNA II jjjj ( _ s Ja*j ill 4-iLaC' 

JjUIJaJI JjIjU jiVill . i_i jJall (Poly A tail) ^J^jlijSfl JJ*1« Jjjj J)|jj> 

(ja ujLujaJ) tiA (jj^jSj ,j| ,4Jj^JI ,_yjUj RNA q_j£j] (jia*jJI I i^injl jjyi n^ii'i RNA II 

* j v * .'S'» ' lA JaI^I j jtuaLU) RNA II ^Hil <, ^ Sl_jl!l ^ RNA II 
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PCR and fungi reaction cjlJaillj PCR— SI JpUj 4.3.5 



^joiaS \ ^-^-3 CliLiiJI (Jjc. PCR SI (JLaxILaI JJ AiLjaVLj 

t^JaJ^JI ClAjJaaSI /j>>» j ^3 . 4. a 1**3 A. a djl-Ajia^A ^3 ^ n Jl AajlIJ j 

a jlaj j A 1 DNA <Jc- ^IaI l^u^ ISjIc- (_£ J^-SI J 



^)jjaj ^aJ .£_ujI J JjUaJ ^Jc- PCR SI A-ifl,.nj £_ajj! j (^^aLoi ^joia 4_i1axS umLIa 

(J^ AJaj^a'lLa ^l^JI a^)jju-a J_±Sal ( ^3 (JjLa Jajai j ^3 Ja^ll ^lll A ja n AijJa 



^ JaJI J^aJI Jljj dip. t (Microtiter plates) jys jjSjL 5^.4.^ c' , ium a^l^ 

<1 ^.^A ^.IjjI a^SLxJI a^)l^)^JI 5_^.^p ^J£j * eibai^Lj j!j j^SI ^Jc> (Jj-^^jS ^aj^jI (JjSvn 

Jc> J I j j Jl Jjk^l PCR— SI Je^ J (Denaturation) ^iaSI 

<*Ja3 gjc. ^4 j^-iL-a 1I ^_1 c- a^jJXx-all JJaVI (J£ <j) ell^-Jlj ^-uiaIS ^a. Wunj DNA 
cilli a .( 12.5 lMI) ^jjaIaSI ^jjj)ViSI g)c. Aisj jiSI 5 _J)^a\I DNA 

a jjl'VS ( Jc> <1 a 1£SI Ij^t^JI ^1 ^4 Jj^l J ^aj)jSjxn]La £a ^Vn uj ^j ^.1 

(Jc-lioS DNA SI j3 Jj J A jS^sSI J^Aj! (jAjJaj 5_illc. a _jl^^ Jc- s_J^^3 5_i3 jl 

• aAjJlC. CllL Ja3 t— fll \ k si\ £a A..-^ 2 klj aAj Ja ^Aj *PCR SI 



Heterologous gene probes JaVI cjLL*. <> cjIjUuu* 5.3.5 

DNA Ja3 ^Vn»n c (J^xa (j^ (J J« j ^S-uOjV AjSIj 4 _i^jjIjjjojI tiSliA 

^g)JJj^)2l gJJiAiS) (JA d j ^^I aj C^PfObCS) ^1-luAA^ (JaXJjujJ 5j-ulA jl^AJ *Lg^juJ^A 

11a Aja-ujj ^Jaj .^-1a CIijjaSI J^C- L£*^l (jC- L ^S'S-sa ^ Jl£ <- Vu^a ^ja 

Heterologous ) J^Vl c-ili^A j l-jj^JI C5 i^JI jUaaSL jUaaJI ^ ^ j^SI 
^jj) aJUIaSI (j^^SI ei jj h aAJ 5-j j^j plja.j (jIaj .(gene probes 

5 ax^j 4.u2j J^U. g)A 5^j^JaSI 5_iSLti ^jc* <. q/^SI j (gJjb^VI DNA j ^Liuia 
c> 6^1 jll a1i* 1\ if* DNA— SI fjj 4 (Southern blotting) ujjjC* 

(Jjs . (jj>$5\l 4 -iSac. ^jj Cija. (jjLlj ^Lic. JJ ( JIj^£SI (JL^.JI ^*-jj) jl£VI 

c_ 21 jl!I J .I^aL ^-^,1 c # \>.t\‘\ CjUj^JI cjjjjj ^aj j a jj ^aj ^3 DNA SI <j Jj tilSj 

I a^ A JJ I Jaj <. ^^‘umaSI DNA Slj jLuuaSI c_i^LlkVI (j-<i tiSLiA 
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Hybridization ) 1& ^ sJjaJI jliii.1 jli filial 

j£<u La£ .AijJU ji ‘4A& 4 aaaI 3 '^ J-«lc. ja (temperature 

yj Jy£ Jj jiwj JbU. DNA — Wj jIaaaaJI y^yiiAA 

^ ■ ^>’^1 jIajaaI] A j-dl y]AA*JI) yA^A-Ail -AaeA a.L4jlJI d-‘- - T -^ A CJt - Uj -dl y) ^I^- aII 

-Cjj£a]I ^uiaJ AajjUl aj& 4^Vi.nl yj^AJ AaIIaaII <--S JJi -la Aj.i^j -Ixj . (UjI^jjaC. 

. yj y r i^>2l J jc. j yjlfLll 1 4_iiia2l 





f • 


• \ 




jj^-a ^Ja3 (JIjI^ajLLala 


l • 


• J 






, 


n J £4 jjl ctfH! . 1 

j. £ J j .2 

«jj A *V_l»AA->il ^)1*V 


y£ jlaS JAJ 


oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 










»Aj.W A_i J jSLaa 4 

jJiaj iiLja] .4 

°c 95 J! yji-A; .5 


y^jlaJl j ' jll ( iJaA 


oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 




, 


^IaI' y^ic. a^iiJ Llijj 6 

PCR -li sJliS to^* 11 !* 1 ^ 1 .7 




pcr a>l 





£)jj £jj ilj .PCR SI a <a~. ,. l j yjUjiaASI qm ''jj**- aSI LilaJI JlajV ^aaa : 1 2 - 5 JSaaJI 

^ (laaUaJI (jjl jjj) JaujSI L# Jc- j jasj jlSI jA yjjL ^aC- a jjaa jtai Cjl jaxaaa ja bUHa) 

j 16 jw ^ jl >*j S jji j*j .yjlifr Jsau j yi (Microtiter plates) jIujjSjIa ^JlL^a 
jA (buffer) JjIaa lJ Jc- jjasa jii yjjla ^1 ^jaLauLaII LpH y)A f J1L (A£.La 24 
LilaJI y>a*AS jjiaJI jIjaJI JIaj (KCI/citrate) ^jauIajaSI jj1£j CuIjjau 

jA A jj t 3 7°C a jIja A^jJj 4JLuaaJI ja A£.La Jjuj . Cauu5Ljjjjj ^Jl IgJ jaj j AjjJaiil 
AiSliSI DNA—SI jAasa j14jj£a 10 j 5 to (supernatant) ^UaSI *jaJ 
.PCR—SI yjcli: ^ a J jaJI ypU. jaaS jju dlSjj t (template) 
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DNA—ll Ac. A* .(Expression cloning) £luuj| : 13-5 JLAJ! 

< ji A tSjjLa CjUIjjjj Ag>j)4^.a jjk u 4£« jjj-a O'* 4 II (cDN A) J-aLaII 

(j-a JJC- £)•* DNA. 1\ ^jaVi (Uj . E. coli LiC'Luallil ^ic- j±&jj Sjja^U jxju JSU 

> 

jU^j j»j . S. cerevisiae Sjjiaa, L5li J^lLuu a " bjjiSjlt 

.Lulit ^ ujjl Jclij JiU. jjLlL!) flajjl j 

LLu jVI j OLa^lxAll JfrljS ^ fLL Jjc. Jjjla 6.3.5 
Database and linkage-Based methods for gene isolation 

. (jja. (JjC-J ^LoiliV Lo^JLmJjuiI (_£xj (jlj^kl (jtllijjl JJjoll tdljA Ijiklj 

qa ^c. jl L Ai! jiixj l^ia ^jic. jlojxj (Synteny) iJjVI 

JalijjVI (jl V) <-4 aViA ^ I__slii^ai i"'l n-v. DNA II CALuAuij (jjj j_; & 

B jjaJI j A jjaJI jlS 131 41131 (jjjj) ^Ay (Gene linkage) 
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^9 ^ 1 1-* *\\ Id ^ \ \\ I jl ^ t X ^o'lS ^9 ^ yA j^)d ^j.d ^Ic. ^jj j jldLa 

• 4ds i . ' ; j9 4iV d9j]l (jdj ^ A ;jj^l' £t_djj (jl (jdu B jjj?*" (Jjc- j ^Loiiil -lie- 

jj^i JJc- i^lljA .X ^jjlSll <L-du *> n ^A <9j^)la]l od dlAld/s ^aAl (j-aj 

C l a\ , : "| < S V I jjia (_£__>i.l t£]liAj ^i J9 <A 2 k dl '^iKl ^ iajl^i. 

.(1.5 (JjdJI) <JjlLa]l s9A ^1 ld.1 ^Lai ^ j!id A: ^)A]'l 9 



ji-dall DNA 11 dl n5 a 9idl y£~ IjuaII aE.1j AjjULs diljA 

> 

o_A^ dlj.ll ^l.lVn.iljj RNA (j-o jdadi ^^illj 4_ii^dil (cDNA) 

o jLujl ^^dl cDNA II -9 n5.a ( _ s -ajai j .cDNA II Lljldi oj9 jd J 

^ Jddi EST J Expressed Sequence tag s JudJI JdXJI 
Automated ) AdjjUl <LdUl ^ didil d& .<=>. jddl dXddll dl jLI 
^c-l I^JL a*HjoiI cjLg jib-* 6 1a ^ J^3M (sequencing 

. I g ‘tc. CjlnaJt 4j jA ^jc- L Qaai^W CjLc^Ix^]! 



Expression cloning 



^ jj-jlI I I JLuJIujVI ji AJjlSil 7.3.5 



tClAjjJj^ll (j-a (Jlc. ^ ClAj^}IaaSI /j>i* 1 aLi^. Ja^j 



lA^jJ^laj ^aJ 4_Slx3 AiLa^Ja c^SliA .^Jjoi ClNl a ( ^9 AdC-Lt^a 4 _iaAI jj LfrUa 

jl) lIiIjjj j^S o j^LkliA dllii^. i]jc * j ^Luiijlj ^5 j^mMI ^jaiillj 

^Saall 4 j<q n ^aJJ 4^J^)Jall &.AA ^9j *(13.5 eft > m\ 1^ ^ jl'sll ^jU. (djldiJ^jl 

<C> JXI^ .0 ^aJ 



A_i'j£uQ cDNA SI ^n^vsM (J^ixiLaij j Jjjjj^) 1I mRNA SI 

S. ajj£-<JI (j-o DNA — SI (ilSi jixj .E. coli — SI ci^-E ^ cDNA 

(jc* <. Qi,ySS ^jIa*JI Jajai^l (JjS^ > ‘i ^xii Qj^^SI J^l * q^SI a )a')] axj .cere vis lae 

^^kl ^l_^jl tilLlA .ojj^JI 4 jl'sSI ( ^9 <S ^.JtLXiSI Cll^)j>JI Jldlljj cl_i jUa.oSI ^aJ^jVI 

Yarrowia ^ j J^j^S' 5_iLc. <. '<au>>^ I^SLaxIujI (JSaj jjU^JI ^ 
Hansenula ^UJI l^^l) Pichia angusta j lactis j dipolytica 
^ l^j P U£ Aij^iJI ojia CaIajj .5. pombe j (polymerpha 

^jLiijIJ I ^ m t^aii^xs dilj^as 150 (jc. (J^j V L<» ^Laiijl 
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cGalactanases jAddYld <Endoglucanases ad 3 d cArabinanases 
adu .jjjS Ujjc. j Proteases jdjjj ^Pectinases ^Mannases jA-a 
Jja] SjLjjl £-a <Ad jj ^ j^udj ^d <JdAa cDNA e-lij ^-Ic. AiljAalt a A 

jl ja A V Lad .<4 'da-all S^ldAI 4_iLk ^3 <11*3 jjdj jl A a jl^J (^jll jiu j_jjll IA& 

.Alt*, <A-A-d <iijla j_jdj jlj Jadljll 4 K i'’i ' jjjj^)jil ^Lii] ^Ac- a j ( d 11 jjdj 

jjjjuII AjUc-j 4-aJalj tjjaJI AjL 4.5 

Organisation and expression, gene structure 

jjdl ^gA 4j3l^)ll dbjldll dll n-s ^3 ^tjuull dljLliil (jl ^le (Jdd AdAU 

ajc. jaAll <jldj»i (jl Ldjl A=Li.Llj . LjJjA-Ald A i-ij»>n\l dlilldAI igi IgA I, \l3»l 

a % 

jdaJ .^lasll ja A ql’W a ^Ijjl jjj aJjJc. dljj^ ^3 IgjLuoj jg l-i'i dLl^iaall 
(I) ^1 l.g.aj uisi jdaj ^d^dl Cil n-s gS < 4 ujLuiI Uallaj dldkj dbLi i 4;u.n"i 

dljUiJj (a—i) 4 (Promoter) alj-v all jad <aac. jl ^vdll e.aj knn dl jLlsI 

j*laall <iLaC- li id dljLalj (^) . (TeOTUnatOr) £..>.iO.II A jlaC. In U^-i 

.(mRNA) Jj^jll RNA— II <> (Introns) dlijldll <11 jV J*-ajll j 

AiLaa Aaj A ld^>i-a U l'laj ^Aaall jy^ (jli tbjndill dllijja i—sLLd. ( glc- 

^dll saj £3 ^o (Upstream) JJ U (kb j^Ij j< jAdl) <li^L 

.(tsp J Transcriptional start point) 

Sjdsll duld S. cerevisiae— II J&- jVl ^UdVI c_ijUj JAd. 

S. II ja ( jjVall jd) _*-lfk]l -all (JLaadail is J c J . ■ j ' (JjA ’i.laAall 

(__ill i_jjLdll j£lj tt—ujill (jjaJI (_sAe. (J j i ^vnI I ja jdaiil cerevisiae 

^ (Jaaj (jl jdaj iK. lactis — lid <_£jd.l jAlad. ja Id^yi-a (jl djgil dli 

Jdd Ja*j AjAadJI dli jlaill ^ did ja-all jl . Ldjl S. cerevisiae II 

dlldJ l^lilUei £3 jj j£aJ V jdlj tJla.1 jll (Genus) ^ jjll 

.l^jLij (JSI j 
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A ^ajoijj jljdiaulj A-aJ(J (JjVI 4(jJC-_jj A' ClA£ j*a ^\1 ^nuVi A^^J 

Uw t I^jmi' 1 j (Inducible) j^dlA J^*j Uiu (Constitutive) t_i jjdl 

.all A - 0 <ly-^ lS^J •Ca.LaJI 4 ^ n>i*\ i sSjjj A Audlj I -111 4 W •nj 

A j~W I A^l d3 j^» -all j^jAjJa A" 0 jA j i jy£,\ jl .li.lj tSp ^ j-a .ddjJJ (jl A^-aJ 
Regulatory ) ^jlvnll j liu^ilt d 1 \y j jj ULdy ^slj^s diALuiluij ^dc- ' >.A 
^.Auij A j T -}&' jail “da j!i<j ^ j-a lilliA djXaildi]l lillj (_>a j .(protein 
tsp g-uuSt ?.d “daij AjAdj (j& jj^joi-a j& j tTATA box jl IjIj Aj^ ‘^.- i 

IjIj Aj.yn.n jjJ ^A*"" Jlj-a£ . A^A^ ^yoij ^ya (j^jjl) ^gjAuil A jjuajs laBU-jj 

Jjnyu‘ii^ (j^ aII jj A^y) HIS4 AyA^ tdj^^a j£A 

^ jja.jjl (jj.i i:, . ^ .. ! ! £A-=>j Cf. J j>aJI (Histidinol dehydrogenase) 
A uull ilAj lAIj t4»ajic. jt IjIj a j y* jj^. jj ^rnui'l Ijlu a^II S. cerevisiae 
4jj 3 djlA jja_j Jja.j ^Ad V I A A^ij • dlj A j'n.o J ja. jj Vj i_)>«-tn j V ^Jljdl 
djU^jlaall ClASiji-a A^ IjyA I .lift a' baJ . IjIj Aj-A-a A 4 "" aA 3 ^ V JjLaiJI A 
jjJ (jaijj j»Ay A^ d..nl..L] ^pa JU tljlj Aj-A-a A JaAj V jjLaAlIj 4j)-ijidl 

A j ' n ^i ^.auu t (Pyrimidine) Ay-y'SjyAy ^ a J-Adj AU dlli^a 4 IjIj Aj-A-a 
Core) d3jj*AI 4 _da l$jL dj5L.iL..d]l dlh i_L-oj a^A .(CT-box) CT 
jAj idl j*i . all l_j 1 s A^da a° j /- * j Ciaj! j^-a djllj J,... 1 L,.j dlljA .(promoter 
jdj V S. cerevisiae <A dAS ja^all (95% A' J**) o^j -CCAAT 

A' aA j ^ ^ (CCAAT-box) Aj ^' * * 0 " 'A Jj^j l _ 5 -dajij l^jl 

fii*-a a' Cy> -d V Ua .A. nidulans Ja*j CCAAT Aj^ 1 ^ 

ClXoiLoui] “Cliilaj CoiljJ |SJJ l^dLjjjl j Igjjc. |SJ djl^jaAll 

. 1 g Vn5j AajdJ! (Jlj V a Lg_i3 ^alldjJI 

A° ^aCaVl a J- dd (Constitutive) Ajjd' <SU A 

Transcriptional ) ( * ; Aj>_alt jl 4^idjjj ( * r ^j ? -a iUj' ^ 

Upstream factors ^ddl U-aJ) jjljj^Jjj RNA—il viada a-° ‘(complex 
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dlljadl U L_Ja Jdd ^ ((General factors J 

^ hi .a II J-aljcll Lai .1 at at i A/ I dljdj jjat'n g. i nil' (J jjui.a jV _2Sj jAc^ ^Jc. 

<4ij t c] j~\ A c_jia (JjjAjoli (Jaa) £d> j - * ^aa Aila Jjjjjia]! 

J Upstream Activation Sequence II ^l jaaJoSI J ..,d,,i ilt 
-hi ! jj .URS J Upstream Repression Sequence Jaaidl <cl3ij UAS 
(Regulatory proteins) (Ahiij Jayd did jja UAS/URS dL lulu iill oi^a 

^•s mill ^uiauJI) ^^jiljjJI ^uiauJI jldda jCiUa jaC. _5 jjoiUa JfLd 

gUa •<£• jc-Jj j' s-ila <*-# JaiijA (Transcriptional complex 

. ^L. > null f.-ll jjuUI jl ^"lijjl (iBj 



dl£j% -all JAaaCia ( a£diij jhju'l ^llSI - ah "all ^ JaadaSI dLLaJjaiJ jl 

dll j Cl it n"i jja] o jado j sJdlLo dl n-s d'ijiu dJjlii (Inducible) ojddl 

AflaCl ^^ia . ia.lj -> 5-i *i «o jiijja 4 h > ul jj jslli I g K ^5 Vill j£2 j iA di-s a i aaLh j 

£ui 1 _J jldili dlajjA jaa ■Lc.j.a-s.a jli (liljldaSI hnAI dl j ("it li-sll jpa oC^£ 
jjaj^SI jlu-M ^ja ‘pH A-djai^. II A j\-s II A Sth ^2 jlija (JAc. (jl 

jjjjjj did A. nidulans ^hj-G I jlaall tjlidl Jaa^ . jaa.j juaall J 
dl n~i jja] e jauui.ll dl n-sll dl£ja^a (jui-o Juiluiaa Jaiija PacC ^.anui 



JbLuijll jjli Ljd*i .( 14.5 JUJI) (pH-responsive) <djA=JI ^ (-jjUd 

yi ‘(protease) jiijjdl JU-j dLaajal a hA jj PacC II hulm jd ldc.l§ 

(JiLo (jic-lall JoluijII ^ Ajjjjjdll dl n-vll jx CCc. jaaarli huVi'n PacC II 

‘-jjjhll Jdi ^dl dldJI jjdj Jaiuj (Isopenicillin N Synthase) 
S. cerevisiae Alda j^i Jlla ^Ua .Acid phosphatases JL» 

Id jj ij ill Miglp j4 jjj cd dus. Kluyveromyces spp. ^'jjl 
dlijjjuJI (_ya jAiSJI dl£ja-a ^Sj (GC box) GC — lb ^pit- JjaiLdl 

Jd jJaj Jalijjyi IJa yll j ( j jj j£Jl jd . ,~i x'l JUar.~lu.nl jft iJjjuuJI 

jc- ‘Ujjxiudl C~il j-nII juli JaAJ I_£ ja.1 dliujjj £us Miglp SI dll . jj£ jl^SI 
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^)-jl ks~i*a ^a_A 

ji^A CjC£^>aJ him'l" 4_iL«JI oJlA ( _ s -aj-uJ t((jji24l AjjSjtdt C1 jLiS,^>a]I jaa o jUajj 

A. AbJI cAjJaill J .(Carbon catabolite repression) "jjjj^l 
(^jIjjJL) Cre-1 j CreA oliujjj tdUA Trichoderma reesei j nidulans 
. jjjJJI ji-lA (jc. ‘Ujjjaiaa Cl 1 J% J Jl j]l GC (jj.Vu^i; JLiJJjJ 

t jj^j jinll j2 a— A j)C. JJ jj.m.<JI CjIj ( jas Ajllut jjc. JllLo tdLiA 

j A. nidulans Jaill J AreA JA jjjjjj U b>>.; jll j 
l_jj£ jj]l bn a; jjoa.jjiij ji^w j3 jj -lx* .l\l. CtXlSSU jJasJI J Nit2 
JJ cAnJI jla (Amonium and glutamine) j^tijiiJI j ^ jjjjA/lS 



.(Jaiudl jjc. i ks jjj oAa*-alt jj^j jlnll j2 . .~i .a g“nJ (jc. 

4 \ . ^-.J l \i dj|j elAludt j-o <ju2 CLaLoJI li na'I A jl-nc- Jl A'—^J lj 
Cajb l^ (jj . -1 W -a jl.a.^J J lan^S la A’) CjLajbl.a tdliA l Jjt_uJ j]l 

Ul’l-s^ Ujj^ 25 (jc. (Ji) V bal ^ n Jl jj Jill A’ 1 ” 1 AflR (_gjl=aj)/l JVlII 
j ; n.*i£, jAJ oLhjoiaII JJ_uJI J JJ ball oAdl . . J J j l-..a^ (jc. V j jm-a 



(jjjj^j Jalijjlj ^-ojou (j-ali. (JxuluLi Jc. (jjJ^j e~ 1 n-s I I oJa J£ .(Aflatoxin) 
bn Jl dllJ <■")' lj Jl (jl JJUI 0 J 1 A J jjil A] .Juull 4 _Jc. bnaYll AflR 
j£Jj . CjLq jjoijM _jJJI .1^1 (Jc. * JJ* * * J ~ 1 4 qb !■« ^3 JjtnJui (jjaiiaJI .2 jj »UI 
to.lo.1 j A J* i J-bjn Ji-all CjLiiJI jj£a (jl o j j jaJa < 2 LiA t"n»i;l ojjj 2 JlA A 

(jj£j (j\_J ojjjj-ia tdljA l"nall tV jl jJ j (_paJ I Juix (jc. <ljjjoiaO Cjjl£ f.l_jjoi 



. ji jjoi j-ajj^ll (jnij ^2c. (jJ 3 ' Vj tljjljjjS C j^dlui 

(jx Clul ellLl^bqll ^jS ^r. 1 a ill 1 S3 jj (j^rS'l ellG^jb-dl jib» a jj 

<ljjVI CA 0 ci A J^A> ^r.,i,.ull i_a3 jj lajjjjj -S. cerevisiae (A^ eiiLuljj 
jyjjVl jjj jjK jjk j* jijsc 4iL-bj ^ j t(Polyadenylation) oj^idl 
,ojij (Poly A mRNA tail) Jj^jll RNA— U ^ 24 ^ 
(A “Aj*- 0 ejljd 3 J 4al .(Stabilization) mRNA_ll Cuijj ^ Ch^I 
Jtdljj tPolyA— Jl JjJ Cnni A (_>aij Jj (jjyj S. cerevisiae s 
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(J.>.nluu]' ^Jj jLaiJI cjLiuk a jVW • . RNA 51 CiLu Ap jl Jij 

^ya (_£jjll A 4 lA \1 lALiJI ^9 oJJbt!La]l aAjA/1 A i Jajj^all A AT AAA 
jl l_ ilLI CjLlLuU <I=UJJ-0 <_£ J..I d^LalLoij <■ '«' d1<l aJ Ajl Vj .aAIJI cM£ll 
LuIjj (JaS9 .laJj olaajl Ja*J <_5^5I TTTTTAT JjaiLoi V jl 1 g i-a uull e-ljj 
TAG . . (T-rich) . . ) ja Ja*jj dAj J ( JjoiLmj 

J .(u^JI Jl jM \ J) (TA(T)GT . .(AT-rich) . . TTT 

■S.cerevisiae J juull i — s\AjG d 



(Jj J* pH) (^AC-IS Jai4 J 








^j!>UI sldill 


1 

dj! jLui^M (JliSjl jLui.a 

\ 


JxU. PacC 


Jajailj 




□-0 


-► m - 

■ 


-0 




▼ 

^aULiJ Q 4 ^ {~- 1~Q \ 1 

V • J ^ 

4 w \\ djlirJI 





.ad A-Jaja dLjiaS J (pH) * Jjj Aiauiljj jj*dll Jad A-da^ : 14-5 Jddil 

idLjlaill Ji w La " jjjjlUI jjj*j Jl d!j t 4_daJl £ jld J Adaj^aJI JjJ q -d 

Addll Sdd -j j jjdall jjjjjjjl] jidtdl jjdl jjj»j11 a±u aj acC ^-■■■dl Jailc. ^jlL 

d-a A*Ja3 jd Jl Jjj AddlJ dljLil Jujjj pH 11 plijjl Addll j .AjJC-19 

Jaujj J iadd dlda. jiaa Jlxi ddU 9 -jj^ Jl Jjadd ( Jldll) PacC II f-ijj^ 

alkaline J\ dliujll Jddil LJa Luji gda ^ 111 <jjaJl Jia (base genes) ^jc. IS 

Jauj J Jxj jll dlddl Jd AvA 4adj\_lll PacC 11 Pfj j*. j» J j Id .phosphatase 

JAdll . djidL a hi jjj! Jda. jj" 1 ; *11 PacC J_axj .(acid genes) w una 

.A jl G Jl R jajl <ida 5 GCCARG3’ 
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Igil 31 LjiiSjll dillja. (jc. i oV'Vi Ual^SI cjUlSSI cjlii2. (jli ILU j£3 US 

(jai Igjjl Jjj l. g.^ . J-a°l (j* JU V SjLU JJC- (InttOns) CjUjUj ( _ s ic. 

j £_la&!! 4_iLaC- ^Sj 4 ^ ^ J RNA S^ 

A ^ *v \ A ^ \ 1 l ** > 1 1*\q\ 1 l ** 4 < i -v. ^C> S.cerevisiae * U£ .(splicing) 

V S.cerevisiae ciAii^. .IgiixuJaj Ig-c-jjj ciaUjlkj j y^j 

ClAj^)j-a LA ^Ic- ClAj^j^-dl ^ j)'Wj 1 ^ •m cdAj^i^,J 

lg_l _^!a ciiU ^ x>>j ^ j.i^ *S. pombe cJLo 4jL>j-*dl djLa^J^aii 

J] S.cerevisiae J] cAjjLill <> cAii^ JUJ J Uj .bp 100 Jl 50 

Jj-aj 4 j^j'ASu>a ^Ac- (J^j cilli SpllCing (Jj^a CI jLiLoC. ^9 4 yiC> 

A. y* amdS y uJlik-al LgLgj <a. \i^ Splicing 

^ ci^ jll j ^da-dl cjU aIAAj ^^ic. ^ c£^ nidulans 

^3 V CAi ,jkJ ^jl L-JUJI ^9 h^^Lj . ^)Jadl CllV^Luj ^j-a 

V JjkJ (jl_j fl.LiC.1 l^^LudLaij j y& 

(jjj (jLi^Vt (J^n * ) Ajj jj S^aAdl 4 q)Vl<a\l (j-<uJa 6^)j^)jJa]lj £9J 

. RNA L AjIjj (tSp) ^jouII c- >AJ 



Other methodologies 



dj-^ . U 5.5 



Yeast two-hybrid system jiUaJl ^Uail jja4^l A^jiala 1.5.5 

dul£ 13! Uac a 5”. cerevisiae SI ^ jUli.V! 13 a jjjIsj J 

.(I 15.5 lMI) ^jS-nSI (Ji.lj (j>» iSI ' g .>>» j (Jc-lijj oJJla^o CllLljjj^>j 

US M j^yuaj A ~s . \ a U^jUjjj^ ■Uilj^l UljioSI o3a (JU*Jjoi! 

A n5 a (J5U CllLlii. >’»"i ^S t^aAl (jlUj l^U*U,l (jUaJ 

(Bait) ^xiaSI (jjjjjj (jjj Uliij! j! Jclaj ij\ (jc. dia^j Uu=. cDNA — IS 

dlllijjjj (jj£ Jc. _jljda.Vt 13 a -1<u*_j .cDNA SI A y'iS.a (j^s <ajliSI allljjjjjjll J 

(Transcription factor) ^aS! J*l j& J (Regulatory protein) f^UiiS! 
DNA — SU Ujjjj S-aA^s.! i(Domain) jJU-a CjI3 
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Jc. A A.1*.J Ia& {ja CllLajh '.n'l ^>h» a ^3 . ^r-mlll c- Aj ^3 ^jjjljllj 

a^lA^ ^^3 _jjj£Y152l iA]^ g"u»il ^ h ij (_$a] I Gal4p (jAkiLi H ui ill ^ j>hu (jjjj^)J 
J^Lk ojIjiLo (j-jliL a jii <_sa]I jjsJI (jLij U .S.cerevisiae 

<ljg mj aSaII p j jV LacZ (j^?. J& 2 kj^eill 

(_)jijA]I A3 Cjliilj^jjll (jjj H ialjujV! LoAi*3 . <LaLaj (_jC. I LuoS2l 

^^3) JaljJjVlj (Jjaiflll LailJ Ia& ^liijjj Alj^. .ail 3-ij>»‘n AUa (_£AjJ 1 ®_jjoi 

CoI^a] A ~s >U 'LajiVl.a oAA j ^Ijjl ^Aft (_£AjJ (Control AAUjiJI 

(Jjl><o*t\l (jAl 4 LS^ (_jl (j^s djljjjjjj (jjj i_i^^Aj]lj -Lajl^)j]l 

A -\ (Till <^j_a (j»a a) Will (j-a Aj V AiLjlail oAgj (jjjjjj^j (jJJ CuLaul A -s n'l LS lc- 
(J£ £-o LjjLij I j3 JIa (jVl jlili.'il lAA u^il ..Ljjja. <jjLiAj£ ^)JC. 

.(Commercial kit) jUi^U a jaU. ^ ZkJi aI jJI j caI jaVI 




(Gal4p GAL4p juujl! Jale. jjLaaJI ^ ^lull ^ia^A.11 ^Uaj (!) : 15-5 JiCJI 

Aiklaj DB_j IgJI >jj DNA_JL Jujj Aiiaia ^Je ^jlaj ^iJ! .transcription factor) 
jjjSVlAJl ,-*N a y. 'C. laaAuaj GAL4p ^<il Jalfr j»jiL . AD_i l^ull j^sjj jjr nnll jjiij 
^1 TC j . GAL4p Aiiau ! jj talula ajaaaJ! ah P jajj . S.cerevisise 5 jjaL 

DB >jjj .RNA—ll S j^L jkjjji yJc ^ ill (transcription complex) tuS^a 

ji jlxa Ah i yr ^4! j^ijj i _ 5 A' B t-a DB -3 : GAL4p ^3 DNA—JL taliijV! Allala ^4' 

cDNA jS ^Luil jaJ! A3 (prey) CujjI ahjjj ^1 PR >jj .(bait) >jlU! jjj uaLj 5i4ajl! 
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^jl\ UAS j-ajj .^uull JaxuUJ aIIzIa (j\ cGAL4p qa AD II A-uujill cAm^a qa 

t d» f jj JJa j-wuil JjjufcJ cijj^a J^oLuu (upstream activating sequence) 
SjLui ^ill) LacZ joaaJI jaju huSm DNA dsDNA Jajj 

LUj J J^U AD j DB £ax±\ iij ((p-galactosidase) 

^Jc- Luaj jjIaLII (jh u;yf^ ^liaj (l-j) . (jZ&ul\ Ia^uSXj £4 ^xJrall 

DNA_JI Ju*Luj (target element) TE > jj .GAL4p 5 -uuII JaIc. 
a^aXa GAL4p ^yi Jaudull aaLja AD— DB jajj .Sjj£a ^ SjI^ 

l^uiij ^_yA JjAjil .cDNA A-uSa CiL^IIa ja ^Lxa^a ji 4 -uj! jill DNA 1L Jajjjj (jjj jjj 

(^j^ajlLall) DB iajjjl lil LacZ jaa)| (jjiaJI jjjxj jajJuij . JLuJI life jy-a ^ 

.TE_> 

Yeast one-hybrid system SjaaII! o^Ul ^ajiala 2.5.5 

( JiLnll (jjLuJI jLi^L/I ^jAc. f.Lb Iaa 

JalijjL/lj 1 SjauJI <JlC. jAlS (jjj jjj] o Jjui (Ja~sj (jji. (jlSi La IaI AjAaCj 

Jill (Transcription factor) ^all J*i j& JLa iDNA_5' jj*-a J^aLi 

s * -* 

(jan>! CllLLuilaaJ £»a ^=Cill (_£.a 5I dllA^j t ^ n-N II f -»lVn 

* A ') a i alLu^t t5-A .(a_I 15.5 J5 aall) * ic-LjalJI f.Aj ^A_Jaa (JlLa DNA 51 

J...<iL<lA1 JjN'ij AjoiIja ^alj t I aj jj-s ^11 (jAaAl J i_$ I (Clone) 

DNA U 4_i3jjj£N! dlLa _ j1xa 1! oAela CjljLliJ -ClijlLaj A {nil oA^JS (. _ nmoll 

I aA£j dlAj t DN A 5L Viiyt (_5-lc. jAIAj a1 <jLLa l a j^*-a aJALuj diajll 

Cj-° £}A ^aJ ( Ju£ j^)JI A q )h J J 

.(Protein-DNA binding assays) DNA— SI ^ c£ jjJI -S^UjI CjI jUilI 

A-aC-UJx^I JLlajjS 3.5.5 

Cosmids and artificial chromosomes 

DNA (3^ (JSj CjIj l&I^ (j -0 

As^ j>a~sa ^ 1 xijJ.il ^J^aaSI ^ u^al .kb 50 Jl l^-S^2a (Ja^j C 5 ^l 

A x y a (jl djljjLqSI ^3 (J-^jI djl^)Lai-c ^jC. 
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(Jjl£ (jl t(DNA — SI <*Ja3 ^ic. «^l J 

ClAjjlail! E. coli S-JjiiSj ^ 4ic.LjaJ ^»JJ .iLajjSl! ^LbftA^aJ ^aJ ^ . J^.\ 

^r a.Vn (jl -lLaj^£iS j)£-aJ 6(_£^}^VI (Jsl^iSI _jl_jC- ^Ic- j .4-llaJ^JI 

^ £ jU. (Jq Ujj^q JLSj c_ac.L)Jajj j)l jl A^jx^a^SI Aj^J^qSI 4 jl^SI 

> 

dUl^ya J2A (jllLad (jnlYliLa DNA SI (j-o QiiitlaS ^Laiij'V dxaJjfiSI Ja*-UxiI 

lijj^a 25 (> <Alhj ^iSI ( Aflatoxin/ Sterigmatocystin ^lAl jl^ 
A jAI JL. .Aspergillus spp. t> ASi j tiiljLLo jljla JAd U-indiSa 

<I>Lji (j .a (jjLximjJI ^jun* 4 ilxi* l <.uaL.il dll n-s AjSxIj ^Idiil liajjASI J.^qi 

ji»3 ^ jjASL ' j 2 j IgJii ^ ^ Penicillium chrysogenum 
jrlAl Jic. ajjjli AyJ cda. (N. crassa ASAj Aspergillus niger 

•u jb u| j\^ 

Yeast jl YAC ) ^frULu-aVI s j j^-sl l 12A. Jijii 

.Sjii£ DNA ,*2A jLdi j Jiii jpLolij (artificial chromosomes 
^21 Jj-pi JAili (Linear) DNA <*2aa y- s jLc. YAC — SI 

YACs SI ^xs dLiiiSI a 15 /d (j5Jj . j;» ..-i ^_jjoi_jxijj£ * 1 j . AVi t kb 620 

Bacterial artificial ) j BAC <S Jd jj^Aj J) di 

<A Aa .sjc. dlinki JxadJ Jlj V YACs— SI u^Sj ^chromosome 

dliljp y Ldulj dLuJj lAA, ui <11 jC- Cll 11-sS jm"ill LxiIjA LgJLadA 

AlYj i<Al^ LLlA. l y ^^-ayuiyaj^All . kNI LA^iS YAC Jo»i».»il Alj . <LalA 

(j-a o^)ll£ ^Aa ^Ixlijl £JjLula y Ixlajlj t^jlj-sll y ESTS SI <Aj^p £udjS 

jipll (Sequencing) <1x2121 kA*c. J2U. ^ jiiASI 

yj.n.v.ll jaj La j ^ jli.-yll dUlii 4.5.5 
Genomic and post-genomic technologies 

jjyAj J) (jjlAS JxilASI ^ jn-sll dY.2.1i <xxl jH ^Jlfr ojASI djl AS 
<jlA ^^-ajipSI JALdSI l nl*>» ; .AjjoiLuiI CiJLl dliLac. Cxi j2 ojASI AjSIc. JjIxxij 
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(2.7.4 (j-LLJI jldl) (Microarrays) DNA—SI <— ili dla^kJ! 

(JjxLd <9^}*-a Lj.iE.Ld Ld . A 4'i-s a dLinlajj dU2j.il 4_ix.Lx.j ^jljd ^gic. 
^jdlxJI jx A ql'lS. -a (jiaLxa (Deletion) _jx-a dlj.il (->Jxud ^gic. (ajjjx.lt 

• (3.2.5 ^JaLaSI jlail) A qjln jll (J iWl J ■Ujilj.l l i.i£j 

DNA St r .7 * a JSLoj dX..Id ^gic. jpVi <_s-SSS) dL3jq>.o.alt g.A>.»iii 

J (Transcriptional profile) ( J ddSl -S=d]l CJj.ij (£ jdJI 
ALU Ajjlla j] . jdll iJijjii j-a J\ dd ^sJI jlldll (Transcriptome) 

i. 9 US ^glt d.il iA gfix a ^jLidt l—Sjjia ^gi nxil jm'lll A g -A dli j3i.a.alt 

Transduction ) dl jLUVI Jliail dl jLxa j jl jaVI dULuu a hyj* dldx. 
^3 .■cLou-aSI 4 jj1s 1I dLLLudl ^ya diaJlj <dajUall ciit St j (pathway 

jdSI A jl.a » } LLujaSI JbixIiSl 1 Lid A g xl A jlx dli j^wa-all o-llli jd (. dLjlaflll 

ajUIujV' j AjjjliiSI jdVl dL £j« jrtijlj <jdVl j (Differentiation) jUdSI j 
AjlaiStj A jij J^al' A A* St ^ya ddSlj i jjj j jj jpa (JLc. ^Liil j-a <dLill 1 j* .At 
jl RNA St i_g yjm<a ^ ic. (JjIxuSI (jt ^Sb a.jxj > L • ^ a Ai ^gld •4 -jjjxII 

Clit jn»~3t jUddl (jc. sjda ^ S-» j j| jj.li ^cdSI ^gi j rn'ill jxu 4 ^ jlijddl j!ill 

. L^ds 0 jliSI jiijjjll <_£ jlxxa ^gic- 

dll jjjld Idall duiALa DNA St jxald jE. dLa jjtdl iLljl jl 

jjtdll Jxldl dLjjjjjill Jjld j «dl ji ^Jb 1 j jd dir, Ail a A jbl juj jx.1 

<LalS LALl (jx i. " 't n’l jjjSI (JS a~\ . ..I ^ dix. c(Proteomic ^Ajiij^) ^-^tt 
Ujji fn £ t(Cell fraction) AASI ^ cjp. j* J (Cell extracts) 

•iiLaNj^sLil _jj ^hb ^ (jj&ldi'Vt jl (jjAxJI ‘it :j£ <st (j 5 A^>Slj 

(xxx. j Cuj^lSI SddSI ^gA tlx 4^3 j^t (d ^iSI 4 (Polyacrylamide) 

(Xijjlj ^da^jj (jjj jjjSI ^jxaiidxjj ^AlgJt 1 jm (jii j^jSt (di jj jd jxi . dllii jjjSI 

Mass jt MS) (_ 5 jxa jjlAxx jl ^giJaSI •d£St (JaiLii 4 dd t ^ t jl-Ci ^d (ii t(jjxajjj 
CujjASyi dLa jH\ dblu (jxixilt jyd Ajjllaj f jb blSi .(spectrometry 
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4 3— ■ >i' Jj (_£jii J aaS <jjJalj!i2l dl dual ‘ idll .' ikijliall Ji 4(jjjj^)jil J DNA 11 

^.iVu.n .dJ jaJI aJ (ji: jjJI (_kij-s.A-i j aIIaj (Tryptic product) jpajjji 



J dl jj-ixill 4 •> (jjjjjdl (jjiuaai 4.1 j^iA 1I dl^ydill j' n-SV 4djall a A 
Id Ja (jl .(jjjjjdl klA. daljAl tidal J^uCid la£ l 4 aid a 4 j J\ Cdl L_SjJa 



dAJI dliii jjj j-a a jy JAd a, A id c(Proteome analysis) &A ^jjj jJI 
dil jaij (jt Ad ^aII (Transriptomic) RNA— II JJd yAc. J& ilJS j 
jjllj (_^aAdluiVI J jA jjJaj (jl Aid V . 4A j^)*_a]l dliidl JalSl Jdll 

^&AaXa 4_ld]l aide- ^9 a A ^all did 4_aAd j (jil (j ^ S\l jf^l^JI (j^Aj) dliilj^jail 
A_^a.j (jAj V j» jjjjjddl jjll Jald (jl LaSj .dilAi jAI ^ jAi j^jill J;A”i J*^, J 

J Ia jjAj Jxdl ‘"'I 'f' Jj.'H Aid (JjiSju V j^jll dJ"' A1A t dliii j^jll 

.(jAajVI dliLaC- 



l$j Jd Jill ^(Metabolomics) aAjJliJI jjJa Jl ^aI La IA 

MS II did 4 >i . .1 dll A j 4 A II J-i.1 - A I j l...- a j ^'d-lV I dldiia 4_ia£ dal jA 

4_ill_oll lliljc. JJ y a J^)£ll jl (GC-MS) dljUll dlil JC. jJjaj^kll 4dllj 4 Unjall 
High-performance liquid Chromatography ) <J\ (LC-MS) abVl dJA 
didll a A (ja jitill (Metabolome) fjljiAall jaIj .(Mass-Spectrometry 

A2j . Aj 4 l A dl 4_idajSn dljill dl jdilll j 4_ildll J_i.l - Jl_jll JdaSl J£d (_ja£*J 

£JJau JiAii £taaa alj2aV (GC-MS, LC-MS) (jjjAll “A Jland.il Ijdja ^ 
jAil) (Knock-out) AAl^a ,jxa>. 4_^j Jia a jja-til (j-a 4_ild 6000 — I Jallij 
a Iq.J dill ilAldll 4_i3 dlai (_ja 1I Jlldll JlaxidU dllj i(3.2.5 Jdall 

AA^-a (jaa. ja^a (> jd A j (Metabolic fingerprinting) AdaVl l^Aa^u ajaai 

.(jauC. ^jllill Jaaaflll Idjl Jdl) (_jajl/l 4 g J 



A A jdaa is.wl j ^ ' la"' i i.'i S/ (dlidll eA^J dll All aa U&l! jj-a J-Jlij . jjj 

4j^)ALlall dAaaallj ^ jddl (jAJ eAfiaual! kSbAJI (j C. 4lLaA "a^y^a ^ J-ih’i (jl 
JiaSj dlldll (3a 4xi yxy* Jlaadoil ^ja dili J^l ^ja Aj bU t (Phenotype) 

• ^ 1 \ \ ^ l ^>9 \ 
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AjlSall dLliJaj yk LjUjIaiil 6.5 



Biotechnological applications of fungi 



l^ajLLj Am! jJi A illicit dlLljlaslIj jjLadll Aul j_jll A m.Vig II i S-l^j 

dlL/LLjcll j^-i* 1 j ] A J' 1 ' l _gJ) ' 1 l La£ aV'A AjjjAl I g moM j 

aj jJdua AjjI j_j]l 4 »n,Vig II (jl j)>i ^C- jlLj • A^J.)* 1 ." AiUull a J.^"s a CjLiiulaj jLlal ^3 

(j jdl dl'Jl/Luij i—aLdal ^3 1 g -si -N 1 (jli 4 < fll ix-iV I j^a JjAa-a J^c- ^ .lut (J£jml! 

.Ajjldj AiaAI dlli liLdal 3.5 (Jj-i^JI (jjjj . lillll i— al£ ^2. J V] j lUVij V 
t (jn.iVill A^jsJ Ajjljjll A m.V'g II j Ajjj^. 11 Ajla!i]l i_aljiAl (jx li.lA ^Ciia J£ jm i 

.AjjJ^JI Cjl-lLduill j dlLajjjL/l ^IjjJ ^3 A > A A 



AjjjC. dlljjjjjj ^ISjV 4 jl-ii-sH dlLljlaslI j jjLaaJI (JLmu.miI (j] 
l$J jLLall dj J>a ]l JLki t Jj3 (> AadJa (j£i jJ l$J ij\) (Heterologous) 



i— A uiLLq ^jjJa _jA ( jdl 1 (j^ Aijc-j AAl miTiI ,}*_j A a15LuJI ^Ij 

(J^a.’i mi a CjLjjL»qll j jll aA II j/i 51 l (jl tdlj i_Umij . Aj jLLall AmiI jjl j Ajua 3 Lio.ll 



Alj t ( (jj juia.ll J (jAaJI (Jj^aall Idajl jlajl) Ajj jE. dLuJ jjj ^LuY 1 <n^~i-a5 

dll! j Vj C'l^lll j (j jl Vlll (JLiaCLAli jdj^ J5 Mil A Jig ill sift Ixi. *1^1 

(_g jjmi^i (jx V (^Uaill li& ^3 Aillc. AilLtS (Ja.1 (_j-o . jjjlajllj jjMiViW >>iA'i 
JU V La£ (AfaLtil dlj^all jl (jjLaL 4 Ogl jl£l (L_Ujill jJJjjfll (Jl& ^LliJ 

(jijjjall (j^aj La <— ijSI jjfLi J (jl t^ r'idl l qA i l > .nA (Authentic) a 1L^=1 (j^ 

•^1 ^ ^ (^' 



Jl jiVl AjaaS ijjjjjJI jrLSj) 1.6.5 

Protein production: the importance of secretion 

A 1 A 11 (Jj 3 (j^) Aj jl •s’lll (_)dl jC.|>U ojSjILall CjLajJjVI ^i jl jSl 

* ss 

CjUjjjV' diljA 
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4iun,a. jl a .Hi ^1 JuLj 4 -ijJj Auujya]l Jj AjjooIIj .Ajjj^JI LALaJI 4li£ jpa 
jJjj 4 Jj£*j ^g& (4 ll~sll Ji.lj gllall Jl Jj AljlLa) Ji.a\l ^jjjL/l jl Jj Jail 
^»jL« JfLiuJ Ajjlna a j^jLail ellLajjjLM jJL U' (_>ajsj .4jqYill j (j«aH Vl i A 1 4il£Lj 

1 «ijl .JiijjJI l—slilTi/l 4jl.aC Jh>i Jjia 4 jA 1I J jl JVI Jaj jl Jl I Jaj 
Ja jjc. Jjjjjj l qU"lll Jj (_£.}jj 4jli tLlli.lj CjajAU Jbdl ^lliVI Jla. J 
a ja. jl^aa (jLoj LS .^iilUij 4_LLLi J <j^aj JLilLj (Improper folding) 

4ja&lJlj A ia > >\l (j^a jl Vi > u V I 4jaC jjli. (AjJLlS j 4_IaLaLi 4 g J) jjjj^jjl j^a 
jl J)/l *Laj|tVl.a jl (Jj Li & j -Uail . Jl lall (Jjj^aa-dl (j.-iqi (Jj (_£4 jj ^ 4 qK'llI 
jlSJjl^ jj Jjj J'i^II jJjjjJI Jl CjLi Jjoi 4iLJ CjliLud Jj-o (_^A 4 d-kil J 

4JJIJI JLac. (j-oljjj jlJVI aLLsc. <jl I >J ^)jiJSI (j-a i(Glycans) 
cjLu J LboiLuol I jjj i_u<Jj jll (Glycosylation jii j JL cj J^JI Jij) 
Jc. Lai CllLjSuLil j-a 4 c ja-N a (JaL ^ jldl J j . 4 ju 4 "nil t 4 j jjjj Jll 

(Asparagine) jyj jj jjj Jill (N-linked) N JJI 

jyJjJ J udj^* 1 Jjd (_paAiii Jill (O-linked) O j j-» A SM Jc- L>jj 
(_Ji J jj Jl Jc Jxdl i_aLjaj J J-aj j 4 (Serine or threonine) 
cj' (glycan) jl£jjl£ 4a*-&]l JaJI i__uSJ (_g jW ^i jj .(jjijj^jJI 
AiJjj (jli JLJLj Jj l Vn«n (j-a (. ijl’i-s i ajj-ail JjSuLII i" il I jlj JiL 

■ 4ql'|-s.a 4 qluA J I g Hjiin* .lie 4 ail U-|/' jjj J i_JjjJI jjJjjJI 



. jjj j^>JI (JLa*iluil 4^_a».j (J 1 " ■'■H*..i La JjLjj 4 K LH ai& 4 _ia&I (_^^-a jl 
t^jLoijVI lij AiJlj 4 _iaAI Cljlj < 1 £jola 1 I dJA 

dili Cliljjj j jJ! jli ^Jlilljj tjJaill ^ l^jc. yj£Ul 

> ■* 

^) 1 ~la”nn L^jV (»^]l j^a (Jl Jj AcLIaII jji. Jj 3 jpa JkljILai 4 V'lS xi\l 

IaLii]| Lai .jjiiall i_ajl (^^jj Jj t(Foreign antigens) Jjj Cjlv^'i.a-a 

. 4 qVi-A x>\l 4jjUl 4 -s iVl 4ijljj Jill V jl j^-aJS LS-^-Jd 
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4JI&11 lijA (lilaaiaJI a ik J* j .jjJajiJt jJailt j jaLaaJ (ja aJuLa ‘"' 1 aoa a :3.5 JjJiJ) 
^Ujj Ijjlaj JjSH\ (jA Lul jj AJjataJl cjUjIISI lAjjjakj JaJ 

tjLsjjjVlj ejljLuxdl 




(*)a jxaaJI 


JLajlLujVI 


CjIajIa]! 


Agaricus 

bisporus, 

Fusarium 

venenatum 


S. cerevisiae 


Ajitl 


4 ^ v-v 4 




S. cerevisiae 


■ \jnll j 






S. cerevisiae 


JLLUj ^ 


co 2 




S. cerevisiae 




sulphite ciuliLo. 


Trichoderma 
viride, Gibberella 
fujikuroi, Mucor 
ciricinnelloides, 
phycomyces 
blakesleeanus. 


S. cerevisiae, 
Pichia 

guilliermondii, 

Sporobolomyces 

odorus 




dactones cA^SIa 
(peptides 
terpenoids 


Mortierella 
alpina, Mucor 
ciricinelloides 


Cryptococcus 

curvatus 


Ajjlc-I 


0 J-lxlLa 

polyunsaturated 


Aspergillus niger, 

Aspergillus 

terreus 


Yarrowia 

lipolytica 


t Ajic-bU 
( " '' ^ 
tAjjl ic. 


a~\\ 

t (Jdll 

(gluconic 
(itaconic 4^ '44! 


Penicillium 

chrysogenum, 

Acremonium 

chrysogenum, 

Penicillium 

griseofulvum, 

Aspergillus 

tamorii 






44 j_p». dll 

t cephalosporin 
(polyketides 


Aspergillus spp-, 
Rhizopus spp., 


Kluyveromyces 

lactis 


wc-ljlC. 

jjj 


4^Lui1a CllLajJpl 

^amylases jJJ) 
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Trichoderma spp. 




<■ il'iVM 


y \ \ i ii 

icellulases 

(proteases 


Aspergillus niger, 

Aspergillus 

oiyzae, 

Aspergillus 

nidulans 

Trichoderma 

reesei 


S. cerevisiae, 

Kluyveromyces 

lactis, Pichia 

pastoris, Pichia 

angusta, 

Yarrowia 

lipolytica 


jl jxi i $. 1 ic. 


<jj jc. djLj_£j jjj 

heterologous 

proteins 


.Jaia a t ijoiIjujV 1 i— 41 i ^ ^ 



A.4j>^ra (jjli jljaYl ^ ^-^Jl (jjl^ll fiJ^S ^fisu 

CllLajjjl jj^J L5^^ ( ^ 1 > 1 (j) a Lajlj l** Hnjl l$j£jj 4_LkJaa-a 4 _ijL^j] 

4-JJjiJI ClAijJ jjJl ^ 4,1 x «o A-jlk£ (JLaxJjoiiU UjUlLl j£-aJ 4j»n)^l IgjLl^. 

t£lU* .(Homologous) ^Llc c^IijjjjJI jljaV CikU jS .(Heterologous) 

4x_jjxa*JI jljxll dllxJ^jl ,jj^ ^_2' ^xlaa^JI CjljJaa]l >— al u^al (jx AjJxll 

jl ^C-1 'k.o ^ j;S. x (_£ jJjxx Jc. lgjc-1 jj ..'lie- 4xxali>. ejJiS alllixij lillj j tALxLxxll 
<£jLLall CjliiijjJI £txjj 4 iU j-n. 'I l"i' ^jL.all jjU (_£^y ij\ Li'S g" 1 ‘ ' (jx jjxilj . 4jj' l ^j 

Ultxx ullLl^jIafillj JlxiJI - jVl 4 ViVi Lax l—iLt-Jal S^jxaxJ J£l <3jxax]l 

. (jj.ljjx]l i _ vV'-~.'i 'i j-liL 4xjL^_i) l^.'lx J£1 LLxalx 

jjlxiJI (jx (JxaVI 4,4lL-yx) AjjjC. lxLLj jjj 2.6.5 

Heterologous proteins from yeast 

J jsSl\ j jJS I Trlij] J j JlLu S. cerevisiae s jjxiJI JLx*U j 

C il n-s II (Jaj (jjla tlbxjJ 4al .4 i-s 4xi.U]l jx g'nn^U 4xxl jii*j LS & j 

lixie Aijllx 1 g 1« -n lx S. C6V6VisiG6 a jjx-s (j><jq"nMx ( JS> 4u Ia Jafxxaj 

^ Ja] J .(Heterologous) Jjjc- ejUijjjj £tiiV i Ujln^v 

iS. ajxxi. J Igjljjjx (JLkjl -}*J 4 jjj*JI CjliiJjjj]l jx J4J^ J-lc- 

jjj jjj Jla) (JjjjxL]' j SjL>j 11 Jl£ J j.^'wx j-lLl Jl lillj <j J j cerevisiae 
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Human serum albumin and human csjdoil JVj j 

a 1 a (JLa*jjoi! »ijc« ^jVvi4c. c^JliA 6 1 a (j-o .(insulin 

<!^)£UIj Aitllxdl IgJjl ‘ ^ 1/1 L *qu>ia^ Sjja^JI 

(N-linked) N— j AJa^jJ! CjUjIAI jj di^ (Hyperglycosylation) 

V ^Mannose it JaAj <■— 4_LaLuj ^a 

^ja . ^>dJI Aic- ^3 (JaxIii -uJI (Glycans) ylljl J 

cxbjLxll 4 ilual jl V (Human serum albumin) yyJl' J~=^' JVj yt 

Not ) 'ijiuw (JjojI ^^jtXfLJI Ja^a^ I (jijjjiil (jl La£ ta JAxkll J g-jjj La-lic. 4x11 

(J^xaax. -.13) jljaVI ^jiuw J yx<L l^jli 4xjlxll 4 . KxxI I U .(glycosylated 

. Jxayi ^3 a^)3xxJI a3A ^^3 ' a ;» >>>11 

4j<xLla Uj\ 3l_jx ^IxiV B^JxiJI ^3 jxaxxII <-alajl yx 33c. jjJaj 3al 

Xx lillxA .4x11x3 jilSl Js ,y 4xj^c- t " '' ' jjj jl <Lla 4 aK“n jLaxJjaiVI 

jSjx Jc. 4 xjxa_all (jjlll Jjxxw J& jxii Jll Kluyveromyces lactis — 11 
ciua. ( 3 -galactosidase jjj£LUI JNxll ^IxN Ixjlax Jxxiuii j 4 jjj£LUI 
ijjj jjjII ^tub NXl (Inducible promoter) a jXci y£xj cs j* Jx*ixl 

yxjxjlS ^ajjjl j-txN K. laCtis II JLaxXxl gj La£ .L_l_jiiaxll l_jj^>x1I 

ajjxll diliu jjjII yx yJ 33c. ^lljl y lx£ i^jbix ^jixix Jc. (Chymosin) 
i—yl y .S. cerevisiae yLii j jjjlixll J ajxj (jxx Lax Jc.1 yjl Jj-^i~>.xi 
4 P. pastoris —II j Pitchia angusta ^33 4jyliixll AllyX Jlai. JLUU 
<J jjlxixll a3x.i£l ^yi ^Xy (J jjliixlL (Inducible) y ^ ; Ly 1 Sj-v ^ x"i lyy 
.t_jjjill yjjjjdl 33 jjxj Jxxll idjaxall 3& JLaxixl y 4 (Methanol oxidase) 
4x11c. J xxLx ^-Ujl Jl P. pastoris— -II j Pitchia angusta— II yx JS ^3l 3 SI 

jj 13^. I a /'S jxjll y_Jj Lo3jc- 4_xalia.j t4 al"i4. ^ 4 xj^c. 3xlxjjj^)j yx i_g yixxll 

4 JJL 1 II J <illxxll yl LaS .(Bioreactors) AxjxaJI cxLlclixll 

yy jjjII yx Jlc (j jixx ttJI 3ic 4J1 Lx Jl j3ii y (Hyperglycosylation) 
ja (a_i 1.5 jSaill) Yarrowia lipolytica aJiixail y) ./ J . pas tori yx J£ J 
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t ^ ^-jJalbaiJ AjV (_^jLuC-l JJC- 

> 

C1iIjjj-&]I jn**i jjqVi' <jjoj 1_L<JI Clil£j^<JI (JLoxjjojI A g *n\ «1xj (JjtlLoij SjjSII 
(_£jC.IAll jjjjjjj ^ajjjj jaAuAI Cjjj-ail £jLAI U ' , >> '41 dja-all Jaajj-ul 4A . 4 _jj jiAl 

j Jl CjISj^s JL«iuil j Jj 4 (Secreted alkaline protease) j J4I 
Jc- A-AUAI JjJ jLaaAl ja tajjc. ja Y arrowia lipolytica jjjj .ejjia 

. jjl JV 1 JoUaj A-ALtS jjc. Jjj La cCjljjjjjAl ja a jjj£ J jjl jl Jl 

J Ja*ib jAI (Expression cassettes) jjJI CjJS J& 

■Ca^a jaajL-aiij jjaJJ (jl (Heterologous) 4_JJ J jj*_a jJJ jJJ ^lAjY l ij^a -a l l 

ja <ajlAI J4LL4I . . ''-J cDNA II jl) »■ _ » j'l j. J' ^taj J .(4.5 JkcAl) 

a jlAjlj a jJaaAt ja dja-o ja (<AiCaall 4 il-S. II ^J Splicing jj-ajllj jJa.At j*a3 

jjJL 1 <i . Y j i a;. >i^ll CjLiia. ja CjlLjaa JLaxJjal blc. j ■ 4 . 2 ; . JaAl L_kaj 

ja.1 Jl i. i’laa ja LgAkj Aic- AALlAj Jaxj a-lpC. Cjl£ja_a (jl (ja jJL tj_JjjAI 

L>a PGK J Phosphoglycerol kinase— A' j*?. dja-a dE* J114I J&) 

ja aj V Lb .(K. lactis &j ± *i J 4 -alcLiJ jlaj jdl S. cerevisiae Sjaai 
30 Jl 15 JJaJ t4 inal (jjLoal Aldaa ja 4 bll jjLa. Jl jjjj j4l jl Jl Jal 
— a JAI Jc. Jj '(Signal sequence) SjLSY! Jbadl i __ab Lib L c a a a . 
JxaLoj Jai j .(15.4 J1AAI Jd) jjjjJI JdbA (N-terminus) Jja-jjidl 
Jl jjj j Jl J Jc JU. (Endopeptidase) oaU. jlj ^ J kkJ « a JAY I 
ALL jj jdl i(ER J Endoplasmic reticulum) A^jH-jYI AJAAI Jib 
Cleavage ) Jd J ja jl .j Jl AdJaAl LLUAI J J j Jl jl J ciiLAac. ^ ju 

( Jc- AajxJ Lajlj ' jala. Jaalaaj ^Jc- AaJJtJ V jjj ^J^jl ja aJ-AiVI Jaalaaj (point 

N l— a Jail Jc- a- _Jt 4 Jl Cjliaa^AI) CllLiajaAl ^ajjJj a jLAV I JauLaj ^-%*v 
JaaLb J (Hydrophobic) a Lb ja a Jl Jc. j ( J j Jl LLb. ja 
1 1 A ' ;“i jjj ja ( jl JVI ajLil jl) <aAjia ajLil CjH-uAa.ij i—JjjaL Al .ajLiVI 
CjLLaLc ,4 cLAL j (Homologous or heterologous) J J J JLla 

ja ^Jaaal A] . jlJVI V^aA a-lia. CALtS jA L.'la ii^aAl jl jlJJ j t4-jc.l.iJa^-al ajLij 

jjj j Jl N 1 sjall Jj3j a4 jl JL I ajLil jjaj jil ju^aS Jaaiuij AALCal jLuuAI 
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J ^*aaL JA? -A Aj Pro-sequence J jV' A 



iaa 



cs^y 



Q ■ . . U 



4_ilaC- J lAtGia j.ux.)j t4_}Ull ^jU. jjj j31 4^_jUiLall l - 'I ' p j^)2l (j-o JAjS AAc. 

JUUi3l j (Signal sequence) SjLSVI JAu JUll J Ja*jA .yjjjJI UiUj 3I 
(oc-mating factor) a jtjIJ' lLU uhjjj y* (Pro-sequence) JjVl 
JjY' JAu3l .^jaJI Cu^lSlI J S. cerevisiae SjAAiJ 

Lysine-) yAi»a. J j u^V Us> yjjA&li yimi (Prosequence) 

sA cj' Golgi body) yA J J J £ AjL J& (Arginine 

’' '' y>AaU. 4-IaU (<^Aajj yij j_JI _jl Jj 4_lLaC- J \.aq.a I jjA 

J) yUjy G Iaa o^J-uauuV JlAI jiij <*aJ J JA (Endopeptidase) 
fjjjVI lAA - y ‘ 'i N A_sja (_£A ^CjJaUll (jjjjjjll 

J <3 aA US t S. crevisiae s jaa^. J Kex2p (Endopeptidase— 31) 

-A iIiin ClAjJaSj JUi. 

UiIjaS ^ 3-i»~i i qj . s-i a yjtS Jj 3 y>s LujLSI Uliiij Jl (j-a Ji£L3l ^Lil yj 

J 1. aViVi UlA Jl jl t4jjj-s.all LUjaH jl “LljlU»3l yj J-A J J V oAjAi-a 
s/ (A]£jjU3I saa Jl a.u,»li31j . J j > Aj I xAila]' yjj j Jl yc. 1 f'ijLjj 1 g rS yj 
Al in. ^-Uixs <231 a& j qy jAI CjLjISII J IgAC. JLAI J jm'jll A ,a3Vil i ql'j-s'j 
(j) . Ulljji» .Al <il3j _jjjj y>a (jSUll3 Judl LLiJa (Jc- IJUaI Uj SjaLu uj 
JU ll (JIjC- J jj J Uaaj y Ihuj A3 i—SC-UUilt J& Jlc. 'ijA3 yA (Jalj JVuhI 
^ i.Aii (Titration y j -» ■ .7 a Ur-) i JiS 11 Jalill el iU j^. jjixj UUU jl a y ni 
Jj <auiaSL S. cerevisiae oja u. J IU Ujl-sii j sj j.w^ l^UaS 

^AiaUill ^iSjjU jjUj <j^j ‘ jjj^VU3L GAL1 ii3^)i-a 

U3 j ^ LUjj Gal4p jii j Jl jaa*j sjj JUu j-a Titration 

. jjj JaU “dUiull (Juj ^3 I g 'S3 j t4 »■>. >U jtlj (jJjU-all llilS jUi UijJal 
y ji , .^i ^11 ^jluw s yj^alUjl t JI ^Ull djUUi! JSI yl 

ejljUw t (Post-translational) Lo^jjJI a*j Ja^j ejlju LUja i_jj3La3I 
U3a 3 .(Protease) jaIajj^ <fuwuljj iUUjIj JAu jl jlJV^ 
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(PrOtC 3 .SC- dlliuj^^l Jf-d dlLaj^jji ejsUa dA^Ca (JLastiaal <U jLi-a C ual 

Kex 2 SjUiyi JaaLoj JjLdl J*?. Jl ^j^l ^ LaS, 4 deficient mutants) 
^ jliiajjl jiaaVI ddtLa jal .Ajli ^ j aSj jj£I (Signal peptidase) 

C-LiiSl (jjjjjjll a flliciil 4 _lLaC. . 2 J — 4 K . adl (J^j (jl (jj.ll jj"'-d 

4 iil^a dll aJ C-Laiau liili (ER) 4 las j 5 ljj.liy I 5 S i,','tl j|j ay| 

Foldases ^j-adi i_iiUi] 5 U S-ic-La* djlajjil ER— II ^jj LaS .(Chaperone) 

.(Disulphide bond) daba Cilii CLjIj (jjjSi J 5 U. ^ iJUiiyi CiLac. ^jdi 
S. Sjjad. Foldases— II j Chaperone dAiijjjJ jjadll jjidS ^d J j 

4jjj*]| diUjjjjdl Jaaa ^lliVI (jjaajd (j-a cevevisicie 

•a * 

( jalC JA*i dil jiL ftldil) jaikiil 4 jjU^» djdajc .1 La£ .(Heterogenous) 

4_ilaC. Ujill 4 J 5 Laa 4-ljljdc. dll jaU dll.li.1) a_u_jiJI (jjjj^)2l jl^jal (j;.a-d\ 
Jia 3 .fl^atfill dit n-v\l iiddi (jl.j- 4 .VI (^i j tCylajj ^jJJ diJilj (c-lilil 

^^lll (jjjj^ill jLuia dslljlaaas (JS (_gi IjjJ a_utli dlliijjx dll_jiUI i'i'-j 

jjikill AiijL ^lika .(Glycosylation) SJjSldl j JiLdll j jljiVI j j^dll J-adi 
(Recessive) 4 vd diljiUl oA ~ ^ ,j£lj ^liiiyi (j;.a-dsi 4 1 < . .. jS i.iaitas 



alddall 4 <»h 4x- j-a-j. all dlljj dlV^dail ^3 (Jc ‘ ‘ ^ (j-a (jadj 

(jj*-a (jja. JJjdi 4ijjla dllil Ajjfdi (jdljcA Ca. ~lVu a.a i lj (Polyploid) 

. Ciilc- 4_uaA I dll j j d~'id...l 4 taS a 4iLs jfa ■ 4 V 1 ...J 



AalaA. diLjlaS qa CujC. diliu jjj 3 . 6.5 



Heterologous proteins from filamentous fungi 



(J^uddi ^gHil dlls j) c. IjjliS . aV'-S'i y 4 dlUjJaall ^3 (J3l_jill (jl 

j)l ^Layi (jjlill (jli ( 3 . 2.5 ^Iddl) (Ja-adl I^A ^3 ( 3 faa LaS^j ta^ia^il 

dilijJaill ^ li^Ja _vaJ (Autonomous replication) JSi — 21 ^121 l or--l > 



4 -k-al^. CllVL^. Lc) J J SAaIxaSI 4 
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^Jj) C V^'nux>\l CAjj j ^)l^)klujl JL&J 3jjj ^ (^ 

f 

33c. Vj U ^nstllll ^Ic. (Jj)i»^^H (j-<ajJaJ V 1 g ^JJC- 

tilLiA c4_Aa*JI 4_i^.li]l (j-°j 1 g ^.cij ^lil! (<. V^um^I JSLill) 

.<ail^<J| ^>iaa]l 3jc. (jjj j^>JI ^Ijjj lS ^ Clila^tlkl 

(j-a <^11 ^-a1I \a\\ ^j] ij t^aj n^ll <laaj djla^ti^VI a3& C t \\ n*il (j-o 

fijlj j ^jl£-«aVlj 4j| Cll^Jal 3$] .JaLooll J A-Jlxill (jjdiL 1 g -s x*n ^aJJ V f (jjoij 

L /& ^jl£ijl !ni> >>» 3*ijL*n (_£}L^. (j-«a ^aj n-^llj 4 (Jaljlt £cjoij 33c. 

.» 

A. — SI (j-« amdS j^SI Ljj^. A. nigev SI L J&. CjjjjJ ^1 4£.jLil 

^idl jjc. SjUjl ^.jUjYI JaiSI j^cjSSjj j£]j .3.2.5 (j-SaLdl nidiilans 

J)S j! 4JJJ Jj2l -iLpjl i— idjJJ fn-v liuoo I.W ^ LWn V jl i j-n. ; ( jjj JJjll ^tijj 4^7-') 
j _^.U) glaA ^Ualj 33C- (_£3*j lil cJUIaII (JjiuJ ^Ic. . ^ fcri^C. (J JXAa 1 3 g H^lJ 

^3 (_^a£3 (> _gi] tiilj (_£3 ^Jjo 3 a3^J^I 4 jAll ^3 {A. niger <> 

5JjLua djUaa^Lo tilliA a_iLc. cjumj (Transcription factors) a^LJ ^3 

Aj'Njnl jjluil (jC. A-ISjouJI fc3& jjIaj ^aJ c"n*s (2.6.5 ^JaLall ^Jsijl) ^3 

.Ljajl 4 ClAj^Jaall ^3 <1£jola1I (J^j (jl (j£-aJ (J-gI jC. J)j^'s 

% 

i jjIS ^gjSI ^-sx'.Vull (jjaJI ^cjodj JJc. 4 ;•> ill jliojj l. Ti'-n Jl 

LivLaJI cJjc-J f-Siljl A VVui Cdi'A^ji ^^ic. a jqlnall jI_ja!I ^1. ~iVn.il jjli 

.^Ai\ (jjjotvj] 5Jl*i Aj-snl jlml Liajl t^SUJI ^\jjVI tlllj o^sUslII 
jiq^iSI A ;-s ijl jlml j AW Jl ^ n-s SI jjj^jII A \y nl jILoil (jjj ij]^ ^^j'wSI 

<ilU& .(_JJ^>iJI (jjj jjJI ^Sjlil A jS^C- (JjJafll ^^jl jjdixll 

(Jj-s»a]l (jjijjj (_J^vjjj (JaxIIuu AW<i\I ^ ij-sSI jjjW'SS jjU^i.1 jjl'n-s nl jliml 

AjjjiJI CjLjjjj^jJI V I. <'»■■! >, J ^)iaaSI <■ <i\ n ^>1 JJ^I (jj . ^ (jj^) ui»il j 

> f 

jjjj J jJ| i_alij ^jl (j^aj ^gjSI t jjlij J^)J jl (jijjjjSI JjlVl CjLaJ^jl jl jab j» jSj 
(J i^it'iS Ira. SI jj j^'ill . WWi ^jVI 1 4 K >u<iSI oAA jljSJjia idljA .i_JJjxll 

^^3 Ajjliill A l-s nl jlmVI Lai . jjLiijjjll ^llij jc. (Jjjjojall CIijjaSI ji-a jl 
"Jljfc" jjjjjj] djjj-oj jj^JI jjj (Gene fusion) ^ »•> S I ^LaLlVI 
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jb i. Vig'nibl j^dl jbb) 1 *jjjoi ^ ;A1I (j-a o jl^jsl ^ (Carrier) 

(Glucoamylase) jbJjSijK j£b Jbdl jbjjbil Jlibj .(Jbdl jabl 
i> (Cellobiohydrolase) J A. niger _!l 

jj j-i jAill jr’ciiV dabl jbiVI soa ^l^kluo! ^ Ujuc. .Trichoderma reesei— II 
^Jaii fti ba tdlb ( jibjjj) jjj jjdl Jkj ^bl j (Calf chymosin) csjb 
<uiaj Jj^aa (^ jVI iJajiluiill ( ^iajxi ^gi) Chimera "5 ja£' — 1! jijjjjll 

^bb Jbdl d-baj bli (Jdaii V .(Glucoamylase) jbb Jbdl 

Jluj ^Jakil jjlij (JjoiLujJ dblal t_aaj t~’n^> tbjjjJI tiljbjjjjjll 

.bu^bodl tjjjjjJI j Jbdl (jjj ^LablVI dab (Cleavable protease site) 

dajjil_jJ £_laaj (_£llll t j — jjjoLlV ^gjbj (JjaiLub jx i aljxs ^ . .-i c~Q ojlc. J.^»..U,»iJ 

^jiaail ^gi biajl dfrli CL^lall oilA jAil bb to^jiAabl ^3 Kex2 jjbjj^)j 
jrbjj t_g J.U.IU' £ij "e^ab" II f -» Vibll (jJJj^bl 4_ia_ijl jib ^ bjA. \l 

o'JV ^ v 5 OJJJ-a d-jtuij tmRNA — II dlbj (j jfiuui j j^jlbl jjjj^jlll 

djjsu _JJC. t"ll nmVill oilA Aj^j'll j£Ll j 



Jjab ( jiJI (Bottle-neck Ca.la.jll jjc) jblkVI Jalb (jfr t— Lbll H*J 

Cll-llll bail _jA 4 h . A 7 I (j^ajb-saaJI j^)ibl jjjj^ill (ja (Jlc. ^bjl jjj 
(Jb jC- jl ^.tlal jll j-a .^biVI jJjaalj j ClSLuiall jd 4 _ibjd! 4 j-a.nl jiblll ^ >>ijl 
t. ql'iVi j to ji^-sll ^gi jm'ill ^Uaj ^3 jbaa .1 dakj JfLbal ^biab dtia-a j oJj-lC. 

Jbaxlib bib bli& . jj-dl t_u^)ill jjjjjjll 1 abbab jb ^xll bill jl j-jl j AoaAI 

ti jjaall ^3 kblaa^ (Codons) Cllljiuliil L_u^)ill (jidl 



i—alblVI Call btdi.1 j to jn.Aij mRNA II ClsliS ^gll Cj^baiLau 

^gi Cajhbll (jbjbl ^gi ^bb tjjbjj^jbl ' c > j 3 j bbijlj tjjjj^jbl jlj^b/lj 

^ill (Hyperglycosylation) <1 j£lbl Cbbbl bbjl bliA .CaA jll ^ 

j£b bl j ^gJI dbial . jlbaaJI ^3 jjill bill jx ^ 1 > »i *1 .1 jb jl j Ibb (J^ >’»"l 



^gll 4 aubb ^ fij-sll jjaall ^ Cl^)£jbl JbLb dbiabl bib j,S.bl iab t_allbla.l 
blla. jij . 4 aibbtll bil ijjj^ll Cla. ^gi jjb jbb Aalc. i—ijjli ^bll ttllibjbll 
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jJail! Jo».Tu,u!a.\l (Glycan) jjll£t£SI J£oa j ^ . »j< ji CJ ja 

JLi-a]l ^iij Lm t Glycan SI ^yn^>'i dl<u_)jl ^Idil <ilSi£,j ^ Vili 

.(Glycosylation) C j£Ui Id LS dcJI jj ^ dJI ^lJ Jigb.d 
jiii ^jS->j-sSI dlijI»aSI ^ jlj^VI dil jdjo jc. Ajj jjj-dl (JjjjalilSI j) 
yi lal . jj£l c _ ll g mb iduo jJ ^gjll i jjlaiJI ^ A_lic. lal LiC. jj 4gjldo 

i alaiiyi j Chaperones SI C&sl j^SI did jjJ 'ij&dall dl ii’sll jdxj ^Idil 

Sjado dLd>. ^ 1 ..nil yi Ld ‘ jdjjjSI i aliiiSI je. C j y .d l Foldases SI 

fie. j* ^jSU .(Vesicular transporter) d!Cjajjdl Jd CLdj^ did jjJ 

dlj^yi jl VI t dl d jjJI jljSl dl jluea jjjd l V -s i (J-s d jjjld J jjj 

. jl/l sjjjli i" 1 % _n.nl Co jVSI 

Adda j dliiil ^Uai 16-5 Jiuill 
__j 9 jjiaj (fusion) Cidla liljjjjJJ 
JjjjdjJI JjiJ (I) . dajiil jjLjlaaSI 
fjjil jijaj .ER — !l Jib ^1 yldl 
(signal peptidase) Sjdtfl Cljl 

Aaijj j£ 4jjj*jdl ojUiVI jJaJj 

*2d! Jl!i yLj o ER H ul\ Jj duJjaSI 

jjjjjll naaaj d ER II Jib ui 

Ad BIP SI Ljjj fjk .9 jll| jjJj 

Hi* .^jSri i_ilajfifl ‘Ulafr jil jj Jjj jjj 

d ladS I ejLujilj (jjii uUjjjjj 

jdl) ER SI Jib <ji (foldase) 

JjjISj ^3Aj 1 a jjjjjj ‘ alal'l (i_j) . ((jjiiil 
CjjjjjjSI jlaa (j) ER_JI ^ Ajjia 
j~o9. (fusion protein) t ^dlaSI 
jj jjl Couiljj (Golgi body) <_fdj£ 
S. 9 jj^i (ji Kex2p jjJjjjj 
uujiSI jjj jjjJI jjjdS cerevisiae 

jjiUdjjii 9 J&bjjaj Adi St £jli 9jljSlj 
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Microbial Process Kinetics 

Jens Nielsen £>44 j*> 

Technical University of Denmark 4 jLa44l 4 5^^44*41 



Introduction 1.6 

a jl-sll c \\ ^)Loi4 (^ a^ll ^)Lut4l) i_ kij-s3jj]l (jl 

(j 1J jj^Luta ^sAI J*J j .4 *4-slj jJaV'i dLlLaC. -» j a * -n' ja 

a^YIj (Yield) all LoA jJaVllI dLlLaC. ^la>.nM jiijjjjd 

A jlac. 4j3l^>a j!4aV I j ^ n <*» i (jj^jLiatail jj.3A Ai^jauajS 4 (Productivity) 

(jc "J Jud .(Product) ^ JaI a Jl (Substrate) J'/il 4 Jl 
dJjjVI dal 4(^141 ajdall jl) Aj\ jVI adLall ja liDUajl 4_ilc. i (_$4I JLiall 
4-]jg . ■■; jjJjaudl (jJ^A L__i\ * jSuiJ jfna\l jjSij (Rate) (J-lata jl 4„n,uj ( _ s ^3 

4-JjVI O-lLail 4_iaSa 4 4_ljlJil (JLk J dLuAjii ja jl 3J ui } La^jl jj 

eiiljjilj jjiill jA ^ m >.41 i—ujll jSilj .^441 jl$4l Ji4l a^Sj <£A^jjai4l 

. ^ 1 yyj ^3 ^y*4lSi 4 Jaadl i Sj Ja 4~‘ 1*C1 jl j4aJ Jill j-jjl-l».a,ll jj-AA 

Jjj jjc. J4i]l ja j .Jl. . .0 jljaJI Cjljjaull jl jl.3iJI -Luajll 

^gjl >n% (Model) ^3_jaj ^ ■ .n j ja Ju y 4 4_jJjjVlj (J_jaaii4l ^3 Clll jiiillll i4L 
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iLij jl I (j_jS4 J3j . ( 1 . 6 jlLVI J*\) 

w£jj <^IJ wwJL gjiJI jjj (Empirical correlation) 

(J£ l$jLL*A. ^3 (aJjIxa) I.A3JLA l^J^AJ <j^£j .13 jl 

^jc« ^JVill i . (jdaA ^jillA ^JJ A-lljVl S^IaII s-IjjI AjjoiLujVI 

jjaVvII wIa*] ^aS cJ iix-ajj ^ j ^aj ^jJaj jli i a.‘i .) \\j ^jLoi^J! .mw (_£Aa 

.(1.6 cJ^ >rtll ^)Iajl) (J^l j<a 6^C. 

.Iljjrj (_£Aa 4i^)*-A ^A ^gjLul?k ^AJ ^JAaWi ^3 ^LWlll ^Id^A (jj 

Laj 4^^jooa]I ^ic. (JSjuIj «wi*j I^aj . ^jAx^ill Ijia (Complexity) 

• 1.2.6 ^3 ^jjJ3ja 1I I^A ^jja3l iiui (JLa*ILoiI <ja ^jw-iWII ^A 

Clinic- liiil! L_iu^)JUj -IjJWj ^a Aj V JAill .\lto*l (_£.1 a 4^j*a1j 
..Uflgj A3^)JtA JbtJj (Lg_i3 ^)j-alj*Jl (. > U hIjj ^jjjLiS) 

CllV ^IjtAJ (^i^Aill <Lk!^ll) Ajjl^JI ClL^lc-llill 4x.j JOJ L Qjx^ajJ ^aJJ 
4 4-J jVI 6^1 a11 o^lxlLall JaI jxll CjIc. J jal (Jjjaj 1^j3 ^jj ^1 4_uLuia. jjjIIaj 

UU^l (Functions) CjVIdl <>^a -u^jV' jj£jj J 

4^. Will 4 Ag a <1^.^)A o^Aj ^jjjIIaj jl Claimant 

CjV^UaII c> ^ ^3 i> c^J ‘(Modeling cycle) 

.(j±Ja Jj j3ll Kinetic expressions 

ClLylc-lijll ClAjS^p. ^jaVj L-i^kJ A^Axall AjIaC. <ja 4_Jtill ojKkll 

LjJb.jl ^ j^Aill I jlA ^3 . W^lrdl CjIjIasJI c**n^ Jc-liAll ^J^aj ^a *Ljj>,l^kll 

^)j^)a ^a ^aJ^I ClllVViAj 4 1*1^11 j tWljVl «^1 

^13jj jinl^.ll {2 c«19a]I ^Jj Ai^.l^]l jI^aII ^33^] 1 -ix-aj 1 -*11*^ j tdlS^ll 

(Bioreactor models) I ^ 

lju^,y i _J^l ^31 aJ (3^1 J Jc.V3a]I JaI£ "(Jj^ll djljJjj" ^A 5 -KijaJ 

> 

ill tJaLui jJI ^3 (Inhomogeneity) ^Ua (jl£ I j) Jlki yl jS^j 

.(3.6 ^JaLai! jlajl) 4jLaaJI ^3 ^ 1. Ij 
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. —jULuJ ' LuAjjjll * all Cj| jJaiJI : 1 . 6 J^u^l 

Mathematical models ^J-ua ^jUi 1.6 jUaVI 

La A-a_^JaLa ^jjjIxaSI (j^J dlUaljJ j dllfLylc. A£. jAa-a ^jC- a_jUc< jA ^-iLjiaJI ^L^Aill 

jJ^lLa (JLa*iuil LiJajI (jfLaJ La£ 1 4 m «a AjjLuiak dlV ^l*-a A_IxujI dAiL>l*JI bLa (jc. jnanll aJJ .Ajailj.i]l JuS 
.A-fLaxl! ^iitjaU ^k (JajUjaJ ( jjjIj j i. 1 U»i jl A-\f\')j<.^ IUji (_£l) (logic expressions) A-iHala 

(^j^aJI (J^LLall ^k tiL^)aj]l A. c.^ja jl^La£ t^Jjauaoll A\\aC. ^k A_iaAI CjIL A_ u-al^. a^oxlall jj^LlaILi 

t(pH) A-iJjja'nII Aa».^pj 4^f©6Cl rate) A_jjljliJI jI^aII AiLja] <C-^ui LiJajlj ((agitation rate) 

aJj£JI aJI^,j cAjjJail AjjfUl 4(jJajVI £ul J 4< ^ A^ jVI 3 jaI 1 ‘^Ll-^l Jajai^ll 

(jAj . A-uAj aV 1 aJoJja^I Ajjl'sll j)A JJlsu lg \c. ^au 3^11 (state Of th© biOmaSS) A-jjj~\ll 

(J£ a_js ^ m"i (control volume) ( L^l , >< ) ^aLL ^•v*\ LLajl <jA Lil V (^La^. ^L^aj ^jjaj 3^.1 
£.Ljj1 V aLoI^aII ^jjjLlaII bLa (j-a .1^1 j 3^ A-ajS (jl (_^l 4 (uniform) aJjIaIa b^)J*La]I (J-aljxll 

AaULI ^•y'vll jn»j ^)JaVi 11 <■" ll j\aC. ^ .AjouLaJLa ^_ 2 _ls j (Jajlxiail) ,AaLa]I ^•v'vll A qL's a II 3^I_J-^I 

Aj jj*v II UJ^lc.LLall ^k (j£Jj 4(_g jj^ll (Jc-LLall (J-al£ ^k (JjIjjoJI j& (COntrOl volum©^ (.lajLiJall) 
.JalaJI j ^3*^ AaLaC. A_ilLta A -Njn (inhOITIOgenOUS) (j-aSLs (JajL^j I j .Ixa j\\ jjjfLi ^ s^jj^JI 
.(3.6 ^jaL]I ^jJajl) (a i-nl a^AUi ^IaaI a^c. jj*\ll (JolLall (_ j)A ilA^ic. 

^-a l^iiu-a Lalj iLljlj ^^^11 (jl Lali t(_^ jj'vll (Jc-lLall (JaI^ jA (JajLjall^ ^aLuiII ^^il LaAic.j 

^aLaII ^-v-vll ^au .(operation of bioprocess) ajj^^JI aj\a»II (Jai-joj Aij^la *•. 

A 3.3 cJlu^sjjj CllV^Lt-a aj£ j .A_jaAVI dllj a^jilLaSI ^jjLuaII uj'i 5 CjL/ Jll*-a AjIj£ ^gjj jU-oj 

. ^'V'vll I La _J^SI >^lj-all Ajqj^ J (JajLjall) ^aUHI ^•v'vll I La j)A Aak^jlaJlj Alkl^ll 3 ^a1I (3^-^ 

Ajjaull daV^LtA aJojaI^j ^•%~vll l L a (jAj-a aj_^.^All jI^aII (conversion) (33^ a j\ac- c jj 
£* ^yy ^1 ^(kinetic expression) a^j^JI <jjf?LI jj^H^L? Ljayl Ui j*jj t (rate equations) 
.(1.6 JLaII ^>Js»jl) 3®l^l (_g^l >»*\ll ^L jaiII (mass balances) (Jl^II (jjl jj 
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Jc-li-dl (Kinetic) ^jja jl ^a^ (j-^j 

aA^I Jl£ c-L.^ jj Jc. Jx^j (Bioreactor models) 

(Profile) (Simulation) $t£U-d Jajj 4jja^I 

j AjJjVI S^l-dl ^llLc 4 A )\ax 'I ^9 S jjilldl aJL^. jl 

^9 jjjLlaII qa -1^1 j JS1 Jill (j a V cilli (j-o jLodll (J^ (J^5 J .^r Via SI 

^glil! AiLjall ^Jc« Aid^ (JJ& I-® jjAxaII &j& (JA 

^)JjIxa]I IaI 4(_)c«1^a]I Jj J (JA (J-ViaII JjLuJ! ^VTk ^ ^lliA (.4 \ \ AX \\ (JjjuaU 1^.19 ^xi} 
Ji <jA (J^aIiIIj .A_jJ^J! AaJzuaIIj Aj£^)^JIj 4 JnjA ^ g_9 

c A A-iJj^)^j C1 jLqJ*-aj SI^L^aII ^.Jaj AJJaa *!j^j ^ja Ju V jjjIxaII cilL 
»n^dl ^.JaaII ^jjj l > U tiljj ^Jc« (J j),j>^*a^k 11 ^)AjIxa 3I Ji (jjA^ll cillj (J^l^ <jaj 

Parameter ) jjjUaII J jja^j 4aLuJI & j* ^a^] .'^jiLa ! I Ja*JI j 
J! jll j ^L-»aJI JjaaII jjj ^ILul! J L^liill fjjSj j^aj .(estimation 

J£l Ajjli. (Jjja jIajC«I (jA Jdj 4 JVl'lj AjJLdlj ^j-a^alillj ^JaxJI 

"LKkll J £_ijjj ^ (Jjlaj" Ai Ja illLi c*JIaA tAjHaloj Aaj^Uc. 

jr i >adl (Minimizing the sum of squared errors) 

^gjLui^J! ^OjaaIIj sI£1^a 11 ^ jl (jjjj 1 jj j .£31 J ^9 a_i1a*J! A_j^^li]l j (^gjJaljjsVI) 
J J jUajll jj Ijj La! t^jj-ail! (JjL l&Ajc. i^JSjjLa Jljl! (JlLaJ 

k*_a.l^o ^_ya A) Vj tlLutAa ^jLuiiJ! ^j_j-ai]! jm ; lAAic- t jjjla-al! (_j-a Atjaaji 

(Modeling cycle) <^iail! ojI&Ij (Kinetic model) ^ j>a3 



. AiAa. ' 



?■ L>« 



^j_^aj ^»l-a>.nM (jjJjlLuL! LlJJ ‘ "' ‘ " V ^ ' ^11.11 LajS jSjiui 

eijLj! jj j t (kinetic modeling) <j£ k^loLi LaAj kila*J ^_j'l^ 
JLLaji i-ib-a jj Jj tillj ^Jjiui j .<_$ jjaJI JclLdl J (Mass balances) Jj^I! 

. A Lnuja A'a]a^ -n’ (JjLuja ^Ja^ajJ j jLg: ^Jljlljj t^jjaJ! (Jc-LLall JjiAuj] A al'i-s a 
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Kinetic modeling of cell growth AaliJl AaS jaJ! AaIaUI 2.6 

.lie. SljaJI ^ jlc. Jj3 ^ ■‘LuLuiiJI ^ jLaill ^al ~lVn.il ^aij 

i_)jUj]I ^ Ax. j-<^a 0jluj AjjIIaj Uj'^ dc- Au^d 0jtu Jjkj 

111 .I^J-IaLaa dlAJ <allk-Q ^)AljIa ^)J^)JJj j-UiiflJ ^lc> j^tS ^j^AJ ^lildl L fl-lg-j 

^ Ic. L-ljIdll 0jluj (JjIaj ^.lx.uii.1 j-jLull (jjA-laJ lujJ aluaJI £ LoLlS 

^ja A n » a a^£3 ^l‘n*nnl ^jj A-x-saLk ^iUull ajlA AuaAI jAjj j j.njtj,ll 

^Xjjll Aj^j^JI ^ildll 6^A ^ha a J .6. Via a Aj^ykA L_l^)Ld 

^ .(Quantitative) c_uUJI Ji jjd ids (Qualitative) 

(Verbal) AjJkqlll A-jc^^ill ^il-Aill cilL ^>a aJ j>,g JUiuVI 4^1I*-ll 

(Jja^j jA A jA^ll tillj J^uIaJ ^3 pistil (jSi j 6 Aja£]1 

Aja^I Jjj3J U"* 1 ^ U -0 ^ V (Jj-ajiilij j^Ajll ^3 (Jkd ^jjjLcaSI ^J3 

jli cillil . Aql*‘ik a Aj^tjorJ <dj^)la ^^3 ^yjLiSl! cilli J tS^-jaHall ^jjLlaII dlj 

t^^ikAll ^JJ^ydll (JajiJI ^)JjaU (^i^Ajllj fitSLa-all jl) ^ a^II c. flix^ajjll 

AjjjkA 0jti3 ^}3jJ ^».AxJ (Ig A.vj‘t (jbu) SJj.Wa A^-IaIII A )1aC> (j^£j La *dtc«j 

A^IiaI! dLufljII ^^3 S^JjJ dlx^VN 6^)jk,VI dil Jpjqlll (J!>Lk . <3 jJ JA 

AAj3-}]! AjjLuiaJl A^-ldl ^k ^jjjuJI ^ja cilli <j£a J3 j dLaJI ^jlc- 

(JA (j^A -13 AJlxJI L—JJjojI j^J! jk JJ jli tc£llj£ . AqtVkAll Ajjldll dlj.lAJt.il 

c j1aj cilll] .l-JjjojL^JI AjjouIIj (J^kjt-A d3j ^3 1 .Ivfljtla 4 _ia3^)]! (JjLuiaII cJ^ 

^j£uAJ La£ <:4 dljlAxl bMx a 4 j )\ ^ jld 4 -^JIxa d3^]l ^3 

aJV | j( Aj,Ux^a.3i]l ^ jIaJI cillj ^j£J J . ju^aII ^ IjIaiC* A-2kJ-U.il 

Jlxi) JLlij I^jSI j 1 4 <jj-n. 1I dliLutil ^Jax-o'i V (mechanistic) 

‘ " Ja^all liA ^^3 . JjJI jAl AjjojLujVI 4-l4*JI CllLijVI ^^jojLoiI 

f.UaC.1 <■ V'lg; (j^ij ; ->J a til’ll oJbiJI Ajl}\ m-sil ^jLajJI ^^ic. 

* 

L-aij-ajlil (j4=ij ^^111 <alli-a]l 4ul >>i-s\l ^jLaill (jc. <LaLai "a jfiji 

(Kinetic models) ajjL^JI ^ jLull <4^ jl jjJI 

.(Model complexity) <4 alio 
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S JlAju ^ JU J ^ JJ- 4ISI Ajj 1.2.6 



Model structure and model complexity 



CjL£^g ^ Jr^'l 1.1^. a. vi» a Aj^JjaJI lIjLiLgjJI jl 

^),,) lx vllS CjI -l^.V I j Aj J^dl j-c A] V A ^k,A*,ii\l ^A 

jjjj^JI A_JIx-g JJ AaLjaVS-J 6 jJJj^)J ^J] J^jujJI RNA SI J j ^ \j>" 

AiuiLuJIj 6$.liJI ^^a (^ S^jA jJJj^}J jl (Jlxa ^jjjl <J] aJj^^J A_^.jjJaj j 

* 

ziiA AjjU^dl A-LoiLujVI Cjlbill 01JJ Jill A-jjl j^j^ll j Ajjj^JI ClLylc-lijJI j-G aLjUI 
^3 A_^jJaj-G ‘■— 3 S- C ’ jx>\ < q j-GjJa CljiLc-lijlIj CIAjLgjJI tilL jS-GJ . Aj,AH 

dj^yLc«li!i]l j ciAjLgxJI ^ Jaj j^^ll j-G Aj| ^^jju]I j-G .2.6 iJSjui.1I 

I L2>laJI aac. jjfL <2 jja. jAAaall ciiLiLac. Jia .^LataJI ^ j j^ull <J I^.I/uj j 
l£UJI <. ifiVi il (Inhomogeneity) ^U^l i^IUa jjSj 1^ 

^jJaj . A'n.WiII A-SLui-c j-G ajjj I^a dg’vqjJaj eUlj L^jLilUta ^ JI^ia 

.lg2£ AjjliJI Cl2ylc.lid3! j dAJuul JjjSj jl LgjIj Jj c 

( Jjfill j ^LG-yiS! A^jJ J) jLu&Vl lAJLktj Jill (Jjj^aiill A^jJ LgI 

. ^jIajj.'x.II j-aill j-* ^jjooaII l ,.q..\^,.1I ^ Ic. A^olxj t_£jla 



C t U>A tilSj j t£Jjl ^J-gI^-g ( Jj ^ajjVi (jl jS-GJ AjjLul^JI ^lA^lllI ^ 3Laj jj 

jjj L fllx^ra jJ JajuiJ .(3.6 (jSuball) ^ j^Aill l.g J,lc> (J-gJjjoJ Jill (JjjuaflAll A^jJ 

(Unstructured model) ij j^ll L U ja a*jjVI £l jh I 

+ * * 
aJj^U (^^-l^SI ytc- 3^j) "^-Ij ^*- La A-jj>-j^dl aIHSI Aj3 I 



Ajj ij t AAjl Io!iaSI Ij^tiJI j);iJ (Jj^adl j J^xJI -AaIxj V (_^ill (Aj^j^JI 

CIjIc-j-g^-g Jl UujoLg ^IC- (_^l) AijUaJ-G djlL-sa (^UxgJ 0^.1 j aJjS Ij^lidl jl 

JU-aijVI ^ij-aill a^jLoi^JI ^iLull o^a Aajj jl ji^j .(Non-segregated 
JIg >^^Ij ^jjxIlg J-gLij ajc- ji^'s^SI ^a c, .flAx^a jj Jj (Segregated) 

AiLjaj L-J^J JU^aajVI ^o^ull ^-Sl-^ (J jSJj . A jA.SI ^)-gC. jl Ajl^ll A_5 j£ (jjj 
jaIII ^Ja .^jal jr i >^31 L5 i*-G (More structure) aJL-^I Aui 
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jj iia j* JisL AjjaaJI aJ&II ^ (Structured model) ij jjifil 

jl 4-li2l 0 .}gj jlajj IajUjc-I AjjjaJI a2jS2I 4_uj jl (jl 4-la.lj 

(j JJ > a-a ^1& Ajjj j^ja. jl tdjl jjaa ^ . .A ' jjx Aiilj-a jl ll.ia. A J-lJi.n j_j£ij 

tllljjjaJ j-a 4£,ja-\a jl t.la.lj]l ^jjjVI 

VI t jJ.aV-11 A il,a» I AjjI m-s \l A ■y^.a 21 ^3 j*^j& Jja.j L<ca tt t A 1 i 

o^c-lall i— s-l^JI l-i^Jj t(^j _$ a 2 I JjAsj jl) ^jj-a±SI 4-iij i_sjj*j j&* j 

(jl a-lc-llll oJl£J -la<aSUj .aJsLuiJ jii^VI (_}ai2 jS2j ^ JAjJtjJI “daUdl 

i. Ogll ^^ic- ^jj-aiSI Ajlu jlj il^aJjjl jpa Jj V AjmiLuiVI d il ~'Kj.all 

sl^La^a _jA i SJl^JI jl£ jl l-lfl&j .(2.6 (jj Vu.nl! jlajl) ^ a. *U ill 

^jj£j LjjjjV Ua..)j>^ j]i CjUL^c. aJj£JI jj£jj (jj-aVi j 

<^^ 1 ^ 1 ^]! jA l fl.ig SI 1 jj t^ 4 . 2 . 6 j 3 . 2.6 Lisl£ 

si* tjr j >«j 3 l gi (More structure) J&l ajU ^1 jj] j* :u Vi J& Jn.nqn 

jl -}.la-a (_pa j! jLuia VlLa tola. ^^ic. A 2-sll AjL&c. <_JSLS l qj . .n jj 121c. AilaJI 



a 2 j) jl^-Q 



J jS jlL Jjj jj 

Fuelling reaction 



A ftll xAi 0 ^l dA.i£^a 
(AjS Jja-ii iCjjSjjjL *ajl*«iji-6- ) 



Biosynthetic reaction ifjt* «ti>j Cj51cU5 



alij alil-la. j 

(c 3 !-- 4 to~w.u (_paL<^l rhl j! 'K Jjj t4 jiui (_^aLa^i) 

♦ 



Polymerisation reaction Sj^h ejUtlii 



o jjjS djLjj ja. 

(jll... I jj»Jj <DNA* RNA ) 



AlxJiU 



Assembly reaction 



.5jl*i U^la {jl\ AjIjI 2 jail J^jaj (^21 AlaLuJI A a 114 a'I Ljj£.lijl jaJ ajj :2-6 JluJI 
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^ j"' - 1 *• 4_lil « • j j i a ''. 



L 

-H, 

■i 

i 

.3 



^(unstructured) jA / (structured) 

(non-segregated)^j* i ((non-segregated) J~) 




^ jjfL JJC. t. >1.^ JJC. 

(unstructured) 
(segregated) lL-^ 




AjjIjII Jj I jLuu LkJI AjjIjII ,jja Jj&juII dldjj t^dLull dLaxj 2>* 4 Silva JsIajI : 3.6 j£dll 

d£tel£ill jlxutaJL £djA^I dvb tb^ULll ^jIula AaoJI *-La j j t Sju/Tdl Ladlx£ .1 naj ^ILuJI 
Ladle- . ja£l ji (jjjJLLa ^jolalc- ^ AjjiaJI AdiSJI 4 _uj £j-sajj (. AjL/Vn ^ jAj j 44j1v 1I Jild ciild^Vlj 

JluflAjyi j J>JI ivi L_iaa 2 .(population) b^l^ll J A > A ^jlu ka ( _ 5 ic- AuoJI ^Jajj t fljLrfVill ^xu 
.&Uala couoi Ae- LpUJI 2)1 < jUSc-V! 2)£4( se 9 re 9 at ' on ) 

Model complexity ^d>4lil dj*u 4 a jj : 2.6 jUaVI 

Fractional saturation j ^Ld^U ( _ s -a^ 4 <J!)bk. ^ja La ^d_^aj diiiau ^A^dl Lnun 

A Lnnl^J La) IdA t_Lu-ajj (j^-aJ .01 (Ligand) JaJJ^all £(_£^kJI d U^* -0 L ) (Y 

:(Hill equation) "Jja" 4 bU-a 



Y = ■ 






4 (empirical) ^^Jc. ^ jn^ 4 -aas <_£jd h j K (_LoL*31 2 j^b 4 * q “L * (1) 4 idl*-ail 

:M0n0d "d jj ja' AJdl*-a A L> t J jj Lajj 



H-s 




' R 


‘ 0 *g 







. _^Jjl*-a Kr j a j L ^ V Kr/ V Kr 7 (2) 4Jdl*-oll 

Aj^bll ^lc- Ajllia ( 1 ) <idl*-all (jl (j £lj 4<lJJ^}^jll 4-jJIVall AJLoiAll (JJlij JilidlxAil bK £tll*J 

^ja (2) ^idla-all 2))^ 44luiLla A aW\ K j h jljU*-a d^i*j dip. (empirical) UK 

^3 jA 4,-^d.alll 2)-® L_fld$JI 2)^ . pallia ^bjia jl UJ^ lilldlj 4^-KljlKlaIl 

kinetic ) A-K^dSI _^t*-all ^ 2jI 0^°^ Y (1) <ldL«-all 2 j)^ 4 La <iLac. { jc. AJj^uiaII a Kj)l^jx>ll 
AJbJI odA ^ .^jjj j^lb ligand — II Jabjjl 2 ^ ^ V j <j^>aJill (-5 -lc' bK 'tuia (parameters 

2)^-aJj A-a ^Jalall Cl)LajI*-a ill 2> C J^ 2)J" 0 '^"' 1 (jY (2) MJdl*-all ^lliaJ (. > )>J 

2)J-a'*k"i _^A M -y.WllI 2>° 4_iid^JI 2j_9^ 4 L^^)^YI AJlsdl Lai .^dlla ^iaL*-all cdlL j (JiKj 

(JjjJaflj 2)^} 4 (2) AJdlsuall LK <aJL^a 2j_9^ (1) ^^Lt-all 2j)^ CjFj^F^-i llQ^Od — 11 Jaljjjl oKLa-aj 

djljUj £-a (2) AJdlaLAll 2 y* (J*^' 4^ Uxil Vn LK 4<la.ldll (JaI^xII Aisj ^JaLaul (1) Aidl*-a]l 

(modeling exercise) a -n.WiII ^^aj 2 >° 4 v^ll A^^ua 2 y* ^ Y tdldl .4jj^.aH (-j^L^iill 

.(JLoVI ^d^<ull jLli.1 
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Jj.ua II J b-buull LJ^LjU- 4 i_LjXj 2.2.6 



Definitions of rates and yield coefficients 



. dll.~ylfij..^i.all jiajtj j« Aj V 4 qV'.A. ^ ^aLoj cJu^ajJ e-Ajll Jj3 

4 '-'<11 CMj* j jAajl jj ^Jl 'Ll! jl aI ya Jj j ~k ' 4 aIaLoi 4a.Ic- 0 jJnj 4.6 J^Alfl jAJJ 

e-ljjl 4 _JjVI Alj^iJI iaIN^AjjI 4 x-jjj Ja*-s AjA^j ^ajj - (“* !jj '‘ " 4 Vttll (J«l£) 4 jjjaa. 

^Jj 4 ajja11j I i^UaS .^jlAiJI • ■ j]l ^3 (_jJ_l3 JVi. j-c jA^AAjl CllLiLaC. 

(juL)3 JfLi. j« l&AiAaAj ^jj 3 iVjAiJI aJjSIIj ^jaNI Alj^i ^ lljjl 4c. jaji Ja*a. AjA^Aj 
^3 aAaJaII aI jd\ jLajc. <c.jiu jl (jS-ii AjA^j j£xj Ia$J . ^^jIaxJI Jo^> jll l& jj£jj 



. 1^.14 4 jl a. \| tjiijj LjLiJI 




4 j ' A tl J^|j 4 _JjVI Al Jill JjjaA yh AjLaALall jjj^jj jjiiJI jail! j»lc jj*aj : 4 - 6 JUiSI 

ijjlil jcaa. jl J jaji AjL^ja ^Jl .Ajj^aJI 4 _uLaj£SI AAitclijSI ja jjj£ A AC. Jiii ja 

0 j jLa AjLoj jjij sjjjS AjLuja. AiLIaVtj .(Ajjjlii jaJ Al jaj) wjj 1 ji lactste 

AjjjaJI 4 jj£JI Ajlljia ^1 AiUa^L taAJ* a AjLjLui ji . 4 _ljjC AALLujjj jl tAglaJI £jlaJ 

. AjtjAjAjjjill j .DNA SI j iRNA II j ijjAAlIj .SjjlaJI AAljjjj jgl£ 



Ja*-o jl <xua" SaIc ^uia 4 J jVI oaLo]I (j* (Inflow) J^IaII <j 2 Aa]I jl 

£ jUJI (J9 Ja 1I j (Substrate uptake rate) "aJjVi saUII j 4 . -AaI 

(JNia. j4J . jV. - al l jjSij Ja*-o jl <±uij" (jAilVI a " 4 VVu j* (Outflow) 
Volumetric ) jA*-allj Lo (S h. J.^Vi j£l jill s jjiLuJI Ciluilall 

jiUU Jj^ jl (g /L h) 4 cUI ^3 jjIIIj ^IjilU (_>uUa SAi.j jA t (rate 
CjVaxJI (Normalize) u^IaL' Vj^a ^ nf.ll jaj (moles (L h) k&LJI 
(jlc. (DW=dry weight) ksUJI Vjj^JI kli^ll V us 4 a.,.a'1j 
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jilb sa^ j CjIa f ; — j (Specific rates) ^ 

Aila. SaLo ^Ijc. (JSJ iJj-o jl (g (g DW h) ') <c-UjJI AiU. SaLo ^Ije. JSJ 
j] saLJ] "s" i— sjaJI "i" (Js^a .(moles /g DW h) ') AcbJI ^ 

><ull jA*-a j) .(Product) "p" j (Substrate(s)) aJjVI aI _$JI 
LaJ ja ajj^I AJt&ll J*l£l (Specific growth rate) ^ jilt 

S^Loll SjLaSI (j-a ^al^C- |-l i 

.(JjSiVl a*j) (h -1 ) a^UL J t (g DW (g DW/ h)) ^L2! AiUJ! 
(Doubling - \ c ,\ y \ cAa ^ o^ilxa aaSIc. aJ ^ jill j^ill Ja*-o (jli aIIaS 
; aJaUlJI t d (h) j a_JI ^aII t Ajj;j*dl a time) 

In 2 

td = 1.6 

(Generation time) Jj*J1 j*c- J caSj t d U^LAaill cij ^jL-j 

A_ilA. (j-a (J j Vn\) A (_£Ali.l (jjlSJI SLia. SjjA] A_ij»a ojjill I tA il-sll Ai.i_j]l 
jlALa AjAsA jl d n?i\ ?.Lai*JI Ja 3 (j-a LajlA J..a»..u,ij jLi*»a _^Aj .(jjlijl oAaij 

. j.a i'\ 

~ AjliJI i_y> (j}3A!iil A&jjoi — ojj^Axiil A_ic._jj]l dl^Aa-a]! /jl 

(Productivity) vi^IAjVI <_s y^ A -> vlaijj-a l^jV A-a^-a J^l j& 

(jAa-a ^^fc. ejAuloas Jaj oAAa-a (jAaj! oALa] A.Ii.lAj'^ {_$ jlu.nxi (jlj Ia] .A i\A 1I 

A_lA3asJI Aj^lli'^n iyjli.UA jjfljllj Jj-aaAj . A jlAll Jj 3 <jaa ' g im U.n"l 

jill jA*-a]l Ajlac S±l j* (Volumetric productivity) 

A jA*-a Ajo’N'slt A_lia.l!ijVlj 1 » .oh . y n) \1 (JclLall Ajj,)*^ II A 

Ajatuaul! ^ALajlt .A& JclLal! ^s-i. (Population) LjWiJI J 11 AjjA^JI 

^llLa t ■UajlVi.aH ayxlui A n.i’lllj (jA*-alt AjA^A jli Aj^^sJI 

clLylfrlaiill allVA*-a AjA=A jSJJ tliia. 1 jaSVI ^ALaill .AjljVI aIjaII 
aI_ja]I yd jA*-a yil*-j t^a' /i'll' i _^3 ojjilLaJt (J^a!_j*JI A. a > ajllj A ]l~s \1 J^.Ia 

■ A il-sll J^,Ia dlSlc. lijll ijAa-a A...) xallLj gALall (jj^J (jA*-aj AjljVl 
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(■) (specific productivity) Ajc .^1 Aj^tul : 5.6 js*ill dU* 

Jjatdi a^jLlu) 4 ° '''•*• a i j£- jj jju fjl e JLmlLuiL 4 (yield) (9) pj-'V 'Ad' 

• (3-3-6 jlaLall jlajl ciPjllt a^ajSJL < 



Yield ) cjj - ^ ’1 (_£j!Lawi t3-«l-*-<S ^ ^ . -^iVl ^yi ^ L Vu 

cjl^iiaj <lj£ Jl Cj] jVI bpLJ pp^j ^pll (coefficient 

dlV P*-dl A. U-.Vi L_jL- 44^ 4_lLueJ ^_j j} - 4i 'll ^ jAaAA (J-oljl-A - ^ - ^ ^aJJ . ^ jl 

:(A1 A' ^ oPt-21 ^dc- ^ ^jyxAA 4 ^ 1 - Ha AA) 



Y =ii 

1 SY 



2.6 



oPLa]l ^ic. J** (_£ jp 1 410 l—ll . n~s (jiYnj 



Y — — 
1 sp — — 



aJjVI 

3.6 



SpLall ^3 'iP pp>- aa!\ PPl jP £_jj y Api-Ar i_'j ‘ (JxUds PP^J 

t>“ 4 pjl^j]l 4 4 pLkll JiJp 4 . LA . -J I AjjpaJI PjAc-Uill ciii a _2 jV ^ 

Ail£] aIaLoi (Ja! ^*JI &3a ^.nxli .AJj-aL^JI ^.Idllj (a-^-Sl dLiLaC. Ail£ 

A^ldll dLJjJI ^ ^Li jA j 4 (Metabolic fluxes) "(j^jVl dli^" 

(JjAjS j A jl'sll (_)^.lj dlj^^-dl dlj-a£ ^jjjldl A_x ig_A dljjl (J-ajd jjIi Cd. A : ‘nA^dl 

!>H* t(low value-added) Add* dli jI ^ ^Idl a_i!ac. J^U. .(j^jVI 3 a-£ 
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j-Q A ) ) Adi-dl i_y^ Aj_£i^. ^lll jl x A jl 4(J ^jljjVI 

LlA 4A_2 jVI S-^Ldl J! Ajjoullj (Jj)).«a^k <dl j-G (_£ jLaUG ^lc-1 ^lc- jl 

6^A ( ^JaxJ jluull j^^£]l dll^j j-o j£-aJ ko Ja£I A_^. ^4 jl C-Ji-^JI jjfLa 

. (ajjj^'I a Y&W ^IdJ j)\->^* \ g \xtj ^^^1 djI^Loui ^ Ajlj^)^. (JJ^j j <jj\]^x> 11 S^Ldl 

j-a UDUdl j^j^)£ll jjjujS! ^Ij ^-Id] 4 Adi j^JI CjIiLmi SI 

cU~ ^g-AjqLj .AjIaJI ^jiajVI JaLujj jjjdlj i fljj-ajj] _jLixa£ jj^m£V 1 

ojSj l*d*i .(RQ J Respiratory Quotient) c>idil J j^^l 

1 Jdd! jc« 4-Ajall lJ j 1 1 j-a A^j^a Jx^LaJ! A^ua !)LqIS ^jjj, 4V i\l 

• (4.2.6 ^JaLall ^Jajl) <jdjl jj£j cJ^- 

> 

til lij (Double index) jj j^j o£j^ £-* cJ d^Lalx* l_u£j 

A \**i^\l ^Jl A-iljVI S^Ld! j-a IS^Udl (Jj),wa^kdl ^jJjolc (_^l 4 Jj.sdll fiL^j! jjjd] 

^lij^j (Jj),j>^^k^ll cIj^LqLx-q dAij^xj . sx A_Jj j-o^j (x ^1J s j-*) 

iJalj A_2ld3l Adlx-dl 



1 

V« = - 

r Jl 



4.6 



^3 <QaxLuuAI aJjVI ^ ^dl A-1 a£ Y xs (J^x-a^dl J^lx-aa A_ilc. J 

^ J*ixd| AJj£ Y X p (J^Wl^dl (J-alx-O J 4 A-j J»l,?k.ll AJj^II j-0 6^.1 J 6^ J jj^£j 

jU$dl jl^)Lixdl jl^A jnarj . ^lill Ajjjr\ 'I A \“i5vll j* &dkj jj£dl 

t_fl^)ia]! ^Al j-a (^£>^11 ^-dll J-oLt-<i) 

jl jiill j^ t jSlj jaa^jII djbkxl (Optimazation) J^VI lU' j*JI j J^VI 

Lo I^Aj »^\ : ^\l t_flj^)JsLll ^iC' (J j>.a«^i^. II CliS^ll ^uaj jj^)Llst-all ,1a .vda ^jla Uai*i 

A_Lo£j 4 j±\ : )jgi : ).U.U ^ jilt Aj^.ljj’yi (_£ J4JU1^ jjUJ du^. 5.6 (JSdll A^uJa Jj 

. ^c. djV ^x-a (^5-^ tilli j 4 j j£^l£ll j-c IS^Uajl jjlljaLlilll J 

j^Sj Lode, ^lldl J jA^g^k^'l A_lo£ Idlj ^ jda^J ^^jLnll la.All j^JJ 
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AjaAI jj-laj Aj Lis A_lic._j J-l*-a]lj AjjlLa LLlls yft jj]l ^aj]l J-l*-a 

.gjtSil! (Ja-iaSl (_^ic- CjliLuJl ii;^ .lie. (jjjLuuall (jj^A 




(limiting) a a la^lt AJjSfl a-sLatl jj £ jj AjmiUj i jC'jil\ ^aitl : 6.6 JSLatl 

its (normalized) Ajj*aii uu (Monod model). ^ j_j-C jjjJai ■ -maj 

Umax : = ks =1. J (|i Ja.!j fSjfl 



Black box models Jj-tfl Jjaluall £ jUi 3.2.6 

v _ 5 -a^ i La ja AjkJI (Mathematical) ^L^ -k^J j] 

■lia. j (Jc-lij AjjiiJI CliLLc-liLlI (J£ ^-y ‘■“n-s JjjaiVi (j j.Vn^ill ^ j j-aj 

tdljlj A-ajS jj ^jA Aj] jVi -ii ^a A jjj-a " Ali^ll ^ (jl i^llj ^ '» jj . (J^Ljo 

. A_iLkJI ^3 A ■s'n.all jl A^lg'u.ix'll CjL£jaSI ^giL -a ^gJI AjjoiilL y& 'l\ j 

(Jiua ^gJI A..n nilL aJjLM ojLall (_^aL^allxal (J^3(-a .IiA^j (.jSuiJ Ajlj Ajic. j 

(JfLuillj 2.6 AjjUt-all AjLj£ ajl&L lillij iAjjJ^JI aJj^IS 

r s = Y xs /.i 56 

I AJ jVI i^y al 1 4jjou11j Ld 

(JSjoiJ U^-3^ tiliLa £j±^Jlxx£?$\^ 
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u^-sVy ' ^ ja^I J-ia-o (Proportional) 

.4-a jhi.aH oAA ^^9 Clsl jJalLall Ajj-uIIj ^c. jjlt j-ull Jjjt-o i Lu-ajlij 4_i£j^JI 

4£. Jjoiil tiK a aA^lj 4 a]jI SjLo Jj2vj (j^ajjil ^ jj-a 'll 1 ii— a jj JojoijI ^^AS 

jAa-ci <jI& j ((jjSjKSi j^Sj Jill ^ij) jjjj^ll jiuaJI ja i(Limiting) 

,Jaa3 4_iljVI ejLall oAA 4.Ami1Ha AAaaJ jaiII 



tih a aAaJj 4_J jl SjLo ^_ic- (jjliJI jAill 4 n.iillj 4-olc. 4 li^.^Lo lilliA 
jAil! (jAa-a jjSij 1 j'l. Vi -o (C s ) 4_JjVI o-lLall (jjfL) LoAic. 4jl t4£.jj-ill 

4ji£jJI Jl a^!L (jllj tc s £-* (Proportional) LAiia (p) ^c . jilt 

(j<-aJ (Verbal) ^ lid!' l <> I > -— » jjll lAA . p ^C-jjll j-ull t_].*la.a \ ( j—a3l As. lilliA 

Jjj ja ^ jjAJ jA VLaajjoilj laillV jj£VI (j£Jj t4 qVl-s a 4-ijl m-s ^ jLaj oAaj 4 q>.nj 

: Jjij ^aII j (Monod) 



c s 

^ — At max" . v 6.6 

Cs T" A- s 

Li^ 3 j (Jjlsu K s II j lAlill i _ s C- jilt jaJ jAa-al u wll Pmax Vlj'N 

A^JI VuS i q i. « ~i \ LjjLou-o jill jill! (Ja*-o 4_iic. (jilt A_d jYI oAoll jdSijJ 

jj£jj jjjtj 6.6 Vjla-all (jjjj t’jjjj-i" ^Aj-ij (JLoailwjlj .0.5p max L$\ ^^j-aaVI 

ULli.1 jmi j £3 K s jlAa-all 4jjaiillj . ^Cjill jaIII jAa-a ^3 4_ll j^\ oALall 

4a1jVI SaLoH (_y al .Vial (jl Lojj .4-JjVI ojLdlj 4 ilVI (jjj (Affinity) 1 ilEll 

J ’Km iJLa-a c> 4 ajj 3 ,jA K s 4 -oj 3 (jlA 4^^\ g "i > .J ijlVl'i ^3 LJlc. JiAlij 

4a]jVI SaLoH (JjsJj JxLill j! LS -a^ll jLut-oll ^^A ( _ S AJJ K s 

^^ia-o J 1^1 (_>oJ j tJASJL (Empirical) Vjjj^ JIaIU ^ j cVjjs. J) 
4 _i>a CliLijlS CllLo^laial K s VuB ' i^rslo 1.6 J jAVSI (jAJJ . 

-4oV'4. ^ 
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j£-w £) jjS yle- 


jau 4 ilA a 4;t» jjja. CjUjISI <Ua. j jaIII K s :1.6 JjJaJt 


( m § l" 1 ) Ks 






... . . aJjVI S jUII Substrate 

jaUL 


Species £jill 


8 


JA£ 


Aerobacter aerogenes 


5 




Asergillus oiyzae 


4 




E. coli 


9 




Klebsiella aerogenes 


9 






10 






50 


Arabinose JjjjjI J 


Klebsiella oxytoca 


10 






4 




Penicillium chrysogenum 


180 




Saccharomyces cervisiae 



(unstructured) Aijjij jjc (kinetic) 4jS j a. ^jbu < iji.Aij :2.6 JjJaJI 


Kinetic expression 4 j£ ja. Ajjj*. jjii« 


^ jj)4 \W 


At = Mmax(l — e -Cs/Ks ) 


(Tessier) j w! 


c " 


(Moser) 


c s 




A* — A 1 max . „ 

c s 4- K s x 


(Contois) 


/* max 1 Cs — 2K S 

n = 2K S 

l^maxi c s — 2Ks 


(Blackman) 


i 

s 

£ 

II 

-< 

1 


jlll 

(Logistic law) 
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aj^±^JI ^jjlLdl (j-o .ii^^l (JjjJ (Monod) ^ j-^ uj 

j gi g^_>JI J-^ (Kinetic expressions) a^j^II 

(jjjj c lg_*l , Wnul (j£-aj Aj£^)^JI Aj^)±^JI jlLdl jj-a J^C- . J jjojV I (jj.Vu.'nll 

^1 j^j ^ (Contois) c _^ .VIa*1ujI Ujj£I 2.6 J 

c ^ \Uk\) Ixij^-a Ajjd^. aJj£ (jjfL LoAlc- AjI ^1 (J-alx£ ( x) <ii£ll 

j^ull Uin"'' ^jiij aJjSJI (jl liilij ^gjxj Vj -L^J '•**■" J-ttjll JaiJdJ 

<SjSJI (Jj 3 (j-o 4 Iiji/i CjUS^ ^;'^I 4 -ijn's ^ulia jjc. jjjtill (jjSj Lajlj 

% 

La-0 ^jI.1xJI Jajjj jll A_^. j^3 i. n^n jj£jj]l A-Jlc. AjjJ^JI A_1j£]I (jl jl tAjjJ^JI 

(jjjj A_ali^-dl AjjfaJI (jl . jl ^dl (JISojI j a£^)^. ^^9 A_Jjxj-£ 3 ^Jl (_£jjjJ 

- > 

(_£.lo AJoSLLg ^jlaxj tAjS^^JI ^ jl xnll (Empirical) A_iJ^)^li]l Ax_nJa]l ^ jjJa^J 

^Jc. pLij ^L-aj I^jV <JaLoUJ tAj.Wa ^)JC. _>^l ^Ac- A_iLja9l 

l— ' ftix^ajj (JjJaSl (_£.i]l ^ j j-Aill ^LjliiJ I j] I n\c. .S^)9 j1a]I (Data) ClAJax-dl 

. AjjjI ^)^ll -la3 A_,a 

SjLa c^JLlA j)l ^lc> AjlUa Lg_iJa^)C« ^aJ ^^^lill Aj^> 1^AI ^)J«iLLdl (J£ 

c > J&l ^5 Ua jj£j U Ullc. (j£l j .(Limiting substrate) s^l j aJ J 

Ui±j (jl (j^-^ aAI^JI 6^a .^^c-^ill ^aI 5I l^jj^a (j^fL S^Lo 

(j-c (J ^aJ lij Vj cAj JjUjV A J^xjjI L...lx.j^aJ CjISvIc- 

ajjAjV ^Ij^SI fj ^Slj .(Adjustable parameter) a£i*JI j^l*-dl 

^ jAill (Different multi parameters) Aiii^ CjI3 

iJjVI s^UI c±K lil U (jjj “ULaJI aiA tS^J t »- ;i J- ic - AjJjI 

jljiio liiliA .oJljAa-a 1 }-ij n"i jl I jjsV' ^ inn"i “LulilSI 

:4j] J^\ ojLall (j A Jt .19^1 ^al& 






-(•♦?ate)nS 



Mmax.jCs.j 



+ K 



s.j 



7.6 



aJ jVI SjLaII jj£^j c s j j-ail] & jq^^ll aJjVI S^Ldl c se L - 

jj_j£j 1 xmj ^C- _^j]l j-<u]l j|j^)Jjjj o jq^.oll fijLdl J Aj^)j^)jJa]l 
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<IU. ^9 j • 1 ^3 ^£il AjjjjLjjI Aj ^) A_i]^V I 

^jjjj^) j^jJa _5 (jl nti^sllj aJjLx-c ^ij T.6 Cft A ) 



A^max.lMmax.2^s,l^s,2 
( c s.l + ^l)( c s,2 + ^s) 



! ^_L la£ jAilS 
8.6 



4.U> ill _^xj J-lxxJ ^xuxJ l"n^i. J (jililjVI (jJJjLall lAlj 

jxAl (jj^J l&-lic. tC s i~ 0.9 Kj (j\ t^gX-aS^l _jxAl J.}*-a (jx 90% 



JjjLo jjt La .(jLaJI ls a^\ ^aJI ;> % 81 (total rate of growth) Jill 



IaI .^.1 8.6 LLlxxll ( JjIaj ^alj 



II - / Cj.i C s ,2 

min . 

I * max \Q,1 “f K 1 t-s.2 "h ^2 

IaIjuJ jij (jl LijlLaj ^x t jilSI jl (jjliljl (jjj-lla ^jlc. _^xAI (jjSj La. 'lie. 
IgAlaAlxl (j£xj V LjjAiAAAI t- AlaAl jx LA ^jls i _j j Ilia . {_$ I (jl£x 

jjSjKll . jjjSL/j jjS jlS ^jAc. coli Lj/V\ill Jliix AaLA .l 'iu^jjA 

LILL^IojI jaJJ La.I'lC- Vj jjjAHAI Iajj Vj tY jl ^AH-gluA ~"n » a j JjJ-aq-all 

jLuAI (jx (JjAa tj-a JL^Ij I_g I 1 ;jn<Al ^I'W' . (JxlA 

sAa i qu.^a jAj . jxAl ^ jjj£YU ^gjla-jl jjjIj (_$\ lilliA (jxA jjijKlI jJ (jS3 




jjUJ j^i_jxj (JjaalaJ jjx xj Y DiaUXlc olaxiAl (jjjAjxax ^^Ac. jxAl (jx AALiAl 

aj^aAa a^a.lj LA jl sA_A jUx^ALi AaYI jxxAu six. j c (Structured model) 

.AaAa j jxaVl (jj^AxAl jrALaj (limiting substrate) 

(Jlc. ^ '. u ‘'.' (AaJJJj) _^xAt ^gi (jxaliiAl (J^aau (jLl^^l (_pa*J ^_gA 

Ja.1 jx j uwj J (Limiting substrate) si^Ldl LAjVI si-aA 



j_jj_^x ^ j_^xj ^gAc. ^^jA.1 Jxl jc. LsLjaL ^ jkj LAi i_ul_jaA! oAa < < u jj 

LAjVI ojLali JLAI jj^ijAL Li /'nil ajAxc. ^gJ] <jjxAlai <( _gSj^Al (Monod) 
:^Aj la ^gAt JxxiaA (Limiting substrate) >aA 1 iA^AAl 



Cs 






— ft max 



C*/K| + Cs + K s 



10.6 
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1 La£ (_pajL/l b mill J-Laj (_gA^I aIaL^aII Lai 

C s 1 

l-l — Umax' 



11.6 



Cs + K s 1 + p/Kj 

lij/iMl jLucYl Aili (jjjjjiu 11.6 j 10.6 (jliL}lj<-a]l _^d«j 

AIUsoJ j A— o j I'tl 1 . linul ^A_jd ^rVi,a\L jl LL j)!\ oALalL 

I j±£ Iaac. (jj£j Aa_mil (jV tAjalJaj JJ j*j "Ajj^a" ^a _^ aj (Extension) 
JUvJI 7 r jLk yja Lais dli (Parameters) jAiU-all uSilj (j£lj ijAiUdl ^ 

.Aia L^dil du^d ^aII 

Linear rate equations AJaaJI t_uaull dViju> 4.2.6 

SjjIj (Yield) dLLal*-a ^ja-s jliic.1 Aal 

(J^Loi Ai. I j l Jc.lia£ LjKlI dLLc-lsil ^ao. jm 'i Liil Iaa ^dxi tAjaaiLM ijj.VH.-i II 

JajjoJI .LljAa, LLSi ^^Jl All jLM oALall (J j*s'n l" 1 J*v l(_£ j\A|| jdll ijelij jAj 
^ a duLij jdL^-a jddi LJjLM oALall (ja-ii (_£jLd jA jjdljlial I ALL jjdll 

I A& ^ J • 1 * j^jLa 1 11 1’ 1 <« i_s^J ^ jl** II Ai ^ j \1 dll jLmLI HL 

jA LI jl SaUI Jjd ^yn Adlil AjjasJI A l"i^ll a jjV 1 ~s i-> >,-> j_pal jliaVI 

(dllill j»Ac.j j H >Ml) A li->LLa]l aAA jodijj i <n..-i jj i sA^jj . ALlj jic. Lu3 jA 

(jjjj ^aII (Endogenous metabolism) "gddlAll <_>d^r JLaI Aaa 
a. Id <iLa*J aLjL/I aIjLI ilLI g'uul j j^I^.IaII ijdiLU LJjVl aI jLI LLI g"u>il aaaljj 
jjLlS .(jjalido (jjic-lij ^JJ LlljVI oALall g'n.il <jl ^1 tAljAiJI AliSLI 

did jd (Lactic acid) (jdaiJ Lijn^ill ^liil J ^ duiiill ^!i jlj>i 

^^KIaII [_yaj)!\ (_paljjal AJjjiIaIi La lAA i^iJI t^A3 L/ 1 Sjjla 

^ jill jrLijyi (jjj (Linear correlation) Uid ILliijI <=dill uiuj .LLUii 
:4 a11j]I ^Aljuall Ld _jjll _jdll (jAat-aj (_p=uia J 

r p = UA<+b 12.6 

(Maintenance) <jlu-all ^j^La JUaI ^ aLa a*jj .aEjL La* b j a j) 



t t ^C-_jill _jd]l (jAat-aj Aa 1jL/I oALall t5 £-_jjll i_ya\ >^>'laL/l (jAaoa 
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< (Endogenous respiration) ^ ^ j 

aIiLqj ^Jj^j ^ JaljJjVI (jl j *3.6 (jj.Vu^ 
'll + m s 



r,=yr e ' 



xs 



13.6 



(True yield coefficient) (J j^^ .< 3 1 J.l^J!Y xs tme >j^ 
(jc ^ill (Maintenance coefficient) <j\^al\ J*LLa y m s j 

i. inn; tLL-lu .AjjIj <Laj3 li (jj£j La ajltj t<jl n.-i\l l ~Og ; 4 < '3g'u>i.a\l A_d jVI ajLall 
L_ii jL 1 o-iLall ijlH g“n J 4_iLaC. J ^ i» ; “OL/ (_paSLill (j-a 1 n .'.'i ^aV 1 li& 

CllVlaJI j Js-1*) L SJJ^^ L>° ‘(C s =0) ^jLujJ lA (jj^d 



.C s J] MjjouIL m s 4-aj3 

Maintenance :3.6 jUa¥l 

^ (J ksi Vi 4q\")~sx> CjULc- j dL)\£.liil A >j*ii 4j\-v\l t_ajUaj AjLu-a Aj \ jVl ^jl 

Gibbs free energy ) ©^ai "^u^, 11 AAUa c^lg**n«i <.“ilj\.a»\l t^iij <_)£> ^^yLjLall A-<uaJI Lai .a j\-^\i 
(J 2 J (j-Qj . dL^lc-lfllil ©Aa (jc. ©Jj-ia. a1l& t (ATP M^\g“un.a\l <aUail ajlc. 

(.‘'iljl.ac. djLylj ^Al A. ^laj] 4-iljVI o.iLa]l ^.iA <j-a V o^^ll "^jjU 2 k." AiUa 

:^a AjLu-sa 

Aouic-Vi ^ fil> ^^Ac. A_jjU^)^1I c“ \\ w u.\W ^ (gradient) ^^Ic. JalA^JI — 1 

jj£jj ^ <A1 Ua 4_uic-Vi (_>a ©JJC' J ^ 111 \ .4 jl-yll 

(electrical gradient) ^ jsi <Ailj ^ja ^ciia cAi jjIj ^Xa $\ j a qVi-s a j*-alic 

e <ail (ja ^3 jnatj 

tilli (JliLaj AiUa lAj^a-a ^C. (JllljjJ — 2 

^Lii jjj£^)3 (fructose 6 — phosphate) cjlLoi^a - 6 — ijL^ <Aac. ^IUa 

as^'jJij ATP Litliill IAa edl^iuuj ^(fructose 1,6-bisphosphate) 6 j 1 ^ ^tLajill 

^Ull JkAll lJc-Uu JjVI J&lisll ^ .(phosphofructokinase) ja jL * ja 

jA ATP ^lAj] djlAui j3 — 6 — <_yJ] dilLoi jill (hydrolysis) 

jj^lall ^Ull JjU3ll .(fructose 1,6-bisphosphatase j^n l;6-ji^ja 
^Ua jli ^ qa .(glycolytic flux, glycolysis) jLJI J^kj jLaw J\ 

.AjA=k-a ^JC. 6JJ^ _ya!L-uJ ^jLa (JLiJ dl!Ac.\ij 

^ ^ c^Ua .(turnover of macromolecules) s ji£, ^lAi) ^ -3 

frlb (_gJj AjjouIIj (Jfclidll l“ \\ sl'V ^j-a \ .^oluix (J^ ttiji ^CJJJ 

uj - ^ "o^" ^^a A_jj1^a11 a >jVAI (ajI-vW Ajjj^Jallj) 

RNA dlLlJ^ak C-ljjj Lya o^aIxjia <11^. ^A ( _gAllj <J-aAi dlLlJ^aJI L>°J 

ojj>^ ojAal AjjIj c _ ? Ajj j 
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jj£ ^(Linear correlations) Cir L^JI LUj jVI JUJ ^ j 

^j-o A-jj.j.-vll a5j£l 51 jla A-ilc^j 4 CI 1 J jjS (Jj),j>.^i^kx>ll di^LoLx-o ^LjjC-I 

y^Lx-allj (JiLaj aJjVI S^Ld! 



Y^i.1 + m s 



14.6 



a^jb Lc^ic. ^j-asLiL Y sx a>u 3 (jlj 

Ail jx .oil ci£lc.lii ^3 4_JjVl SjLaII ^j-q c.^^JI 3l.^jj ciu^.j aIJs 

(Jj^dO^^ll (J-alx-c <jl3 cAxij^Q ^ jill ^-oill CliV-^t-o (jj£i cj^J . A.jA11 

> 

yuJS! 0 iA .Y xs _ll (Reciprocal) <-jS AILojB L_J^)Uijj 

C1jLia£]Ij AjjILq 1 3^ Ail-U^all ^jial^jC-V Aj] jVI 3l cil^yl^jjail <jl tillj 

Jtlllj j t^iillj Aj^i^II A 1*1^11 $.lij ^^3 4 _i5jVI 3I^a]I L>« ^Sgu^l l 

Simple ) aJo.u^.vII ajiJI ^c-^SIjj .5.6 AElx-dl ^Jj 13.6 AElx-dl 
A /q \ .<\ jii*j l^ili 13.6 aJ^UaII (Linear) ajL±1\ AauJall j (structure 
(J-oljt-c (j£ A-<u3 3.6 U^3 . A iI'Wa Aj 2*. ClAijlS ( — fll.i^ol (3fLljj 

.A_lgjj^}^, diV^Ljj 63x1 AiLu-all (3-alx-oj (Jj>x«o^^ll 

(Empirically) j t^dl jdl ^ j£\ aJ^l] I a£U 1I jl 

# # > 

?.ljj| <j-£>li. t_^Ai]l CiIjUkI ^jliLall CllUaLijjVI -ll.lakJ (J^.1 ^)-G 1-1^, dAlLo ^..UXJ 

(Steady-state continuous-cultures) S jxu^l l j a-*jI 31I A^ljjll 

6^3 <jj .AjC-^ill CjV 3x_a 5I 13.6 AElx-dS A^jLuui AjJoA djUaLij^jl 3^i c“ 

jA j ^^J3xa ^jjjLuj! ^^ic. o 3l A\c- 1 (J3j djUaljJ^VI (j-^ ^ l3A Aa-uaj 

^3 (jViJo.'il J)1a ^jlliiLoC. LaA j 4 ATP SI ^iiuaJ J ciS^L^luj! AjL,c» Aj^)I ^QJjail 

^aj3J 1! ATP 51 ^Lij jA ^Uall A >3:^51 Aj] jVI fi^Ldl ^)j3 ^jl3 cilEl .U!)LaJI 

j 4 * 6 j^L5! Cj^Ic. lii j (Biosynthetic) c 5 j^d' 2 ^^' dj^lc-lii aj^. jij 

:ajJIj]I aEI*-<JI ^^Jc. i-lij AiLu-a]! iljUc. 

fATP = YxATPH + fMATP 1 5.6 
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ATP 51 4_ia55 (jl 15.6 5J^l*-a5l (jJJJ ."^ Its 51 4jLuAil JaLijjl" <_A' j 

* 

A..i . ,. j Cul£ I jl J t<jl uAl j _jaj 5 ' ^3 455 g'n«.« 5 t A J ^551 Ai 1 a 5 I 

‘ _ ' ■ 3 r^-pp u' filial] a -\") u5l 4 j5 J^\ sAaSI LS lc- ATP 51 

JULujVl (jliiiV 15.6 4 JjL*-o1I JU*U I^jai jA4 u s ^ (Proportional) 
c^ul 15.6 <5i^l A Y xATP — S' J -13.6 v5i**5l J Aakll 

. jl (_yjLiLa JaS3 Lajl j (J j)».n*y.a Al*^ 



^ jjC 2 A cjUilSl a At*- 4 j (true 


yield) AjAH At*- 4 :3.6 

• j' jAA ir^ ^ti ViliLa 


m s 

(g(gDWh)-') 


y true 

(g(gDW)-') 


AjilJi\ sjL oil 


A^' 


0.016 


1.92 




Aspergillus awamori 


0.020 


1.67 




Aspergillus nidulans 


0.031 


2 


jaa 


Aspergillus niger 
Aspergillus oryzae 
Candida utilis 


0.057 


2.27 




Escherichia coli 


0.063 


2.27 




Klebsiella aerogenes 


0.021 


2.17 




Penicillium chrysogenum 


0.015 


1.85 




Saccharomyces cerevisiae 


0.089 


1.79 




Aerobacter aerogenes 


- 


1.67 




Bacillus megatarium 


0.074 


2.13 




Klebsiella aerogenes 



*Uia <lijjj Sjl jail A jj jujIj 5.2.6 

Effect of temperature and pH 

% 

A' -^*-5' jA JcliiSI jA AuJa j 

(jjSxil y 51 (jJ^A v_iLu (A 4 * -5^' A " j . _ja15I jjoiA 0 '— j' i li J A 3 

(jla& AA ^ j • jA" V- 4 ^ ^lA (Optimal value) Caii dwjA^' 

ajL UajAS <il5 j j (Culture parameters) "vc'jjSI jjjUA 
(Jjbt-oj tr’^alS <4ll^p2lll jojj i<lc.liLall A- 4 elll^)-)»."l.fl5l 
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AjI.1j (jJJ t4ql'i~s.all ^ jJ»Ti (jl (j^-aJ 4 £tJj . . . (j4a>Jxu£' V I ^)3jJ 

AjjoaJI dlELaxll l _ g Jlc. 4 ~ k ^ 3 J jijlj 4. ~ll"i-s ; .£- jJ>]| Ajl^j J 

t4_ij)J^1l CllLlLutll tilij (J£L1 4 -NjVl 4_iLaC. (jl LaJj H jlAI Jbl.} <&_jILa]l 

^gh ClALelaj]! J-a-s-a (A^aj.a^.11 j ojl^p>JI) "Ac.ljjll jjJjiA jjjtj (jli tiUi] 

. ,~nq»MI AjIc. Ea j)Vl.all 

(Maximum specific ^ j^' J^«-a s J j±h j] 

jbjj dip. JaUij jjiihll ^ ^Laij (jjfSJ growth rate) 

Ijujjjj Ijlu JLa. ch-aJ ( ^A2>. ojl^pJI s-lbA? JaLoij 

t> LS j&\ 'iJjaJI cjUjj . CjUjjj jJI (Denaturation) ^a ^ 

AlJjl ^gi ^gj^a^\ L g£._jjll (J.l*-a c ^^iil jjjII ^cjoball ^jj Aj-i^all tilL 

: (Normal chemical rate constant) ^bUuS J.i*-a cAj Jl** 

Mmax = Aexp 16 6 

.jaiSI CliLlLax] )-iJ>Vn\l ASlla ^g& E„ J dulj jl-iLa A (jj C n*\ 

^U-ajS (Jfcliii CjUjjjjjII (Denature) ^ouu J (jjaljaaLj 

JJC. ^ j^ . a - a - a ll (jjjjjjll (jlj 4AG(J ajaJI AsUalL) JJ*J <*-a (Reversible) (_>A*ia 

j Pmax — ' (Expression) ^ j^\ jIAaII aEU^ ^1 jial j£aj tluiU 
Aexp (-E g /RT) 



H max — 



17.6 



1 + B exp(— AGd/RT) 

Aj-ujLoi^. A-gjxj JaLaol! ^9 A.ualllj LgI 

JI^-g ^Ijl 9 diLaj^jVI oj& Lg SjIc- .pH il diLcj^jVI (3-° lS^ 

^A djlxJ^jVI iJa^-g JaLij ^jj-2 cillil dA^^p ^j-g J, W «G 

Jjjlj LiA JIILg^ AjjJI AJajj^G aMx a ^FlUlCtlOll) 

£j\ ij . JaLujjl ^1 !Lg-g (lx jj j (^3^] -^Lij ^ AjJa^G^J! 

:^L LgS c JISjujI jjj 

e -o- e - + H + -«-»■ e 2- + 2H + jg ^ 
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jjc . ' <inj t^ajjj^iU Jaulill JSjjlll JIqj e (jj CLui. 

(Dissociation constants) lili U K 2 j Ki .(jJ=uilj 

L»£ c I (jx l~i /till] I f. i— jLui2» . (JjoiLolJI i e j c (jjK >Vill 






e~ 1 

l + [H+]/K 1 +K 2 /[H+] 19 - 6 

JaLiuJ 4 jl-sll iaUij ^aJ IjJ . k e e — k Jalutj jliic.1 J 

^ (jli (( 31 ^ L« jliic-VI (j4*J 



ke 



M max — 



tot 



20.6 



1 + [H+]/Ki+K 2 / [H+] 

l-i^J AdlaJI JaLoij ^3 AjJa j.a^i .11 jjjIj jj . .iq"i (j^aj V 4 j| (j»a ^aC-^lj 

(jx (JjaLa ^UaJu (jjflajj 20.6 ‘Ujlsuall (j! (jJJJ .133 t la I mill ^ j ja±1I 

gftti l^y*x ) C- LojLIaII (JjjjJalill 8.6 Jiill (jjjjj . 4 -v l " \\ 



.Aspergillus oryzae jLaJI J&. 




(maximum specific ^ >«il JjsuJ cr yaii jaJI SjtjaJI 4*jj jjjU :7.6 Jiill 
AiiUll Jiaj ^jJlj) ^Arrhenius plot) <jJLull J" y-“J 8 t^s growth rate) 

4jjujIc jUI 4 a j°"j u ixuitl Ja& 4 »iUaW sjjaJi <L^jj joj (reciprocal) a ' jUlaH 
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. jjSjlSJL i jjc- Iiauj jm!) Jiaj ( H) . E. coli IjjjjSj AjC- (jjauS jl) ^lAaVI Jaa u^fl ! 

iajJ 37-5 (_jJA j 21 AjJaaJI ibtadl jj f jaJI .jj£jl£JL jjAS laauj ^ jaIJI Jlaj (0) 
ijjSj LaAlc (J 4_aaA JjjaJI (j^SUallj jlaJI fUajVl Q±H ' ‘16-6 AJjUaJIj Jjai Aj^jla 

• 17.6 AJaIxa^I fji J^a-a jjjU “L^la 4 ajJ 39 0-a jail s jljaJI 




^^iajaJI jMU ^ jill jaU! JaxaI AaJ) Lf lc- (pH) ^AiajAaJI 4 a jJ jjjLj :8-6 JluJI 

j Kl= 4 x 10-3 j 20.6 SJjUaI! JUlLaL SlSU-a <jjLJI JaiJI .Aspergillus oryzae 

ketot=0.3 h-1. Jij K2 = 2*10-8 



^ joaJl Jc-lLdl yh Jj£JI CiUjIjj 3.6 

Mass balances for ideal bioreactors 



£»a ^j_^aj ^t-aA jAaAj]l i"lljl.aC. A 1 a \ bjjaVI ejlrsll (j! 

AAC. (JLaxiuilj (_£ jj*\ \i JcLLall ^ j_^aj tjj'l a 1 ^aJJ La ojlc. . (JeLLall ^ j jaj 

-LLSJIj CjIaLuaIj aI_ja11 A ;^i.nli).iil (JjSJI allljjljj <ja 



(jj£L (j! (jSuuj . C!j3 _j]t ^)jja £»a ClsIjjilLall a-igj jjij i jj ^a]l 

SjjjlL jLiaVi l— 1 _jfil (_ja I«.Aj tdlVVI (_ja (_$l (_g jij'sll (Jc-lLalL 

(jl (Jc-UaIIj (_p3j!lajj .JLtll jaAAj^allll ^ A Jc-lLalt V j-as j tLa. jLa 
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Ajl J\ t(Ideally mixed) ^JLu J J^K J1La Ca jSaa sa j*. jaII aI jJI jj£i 

-LujjII oJlC-lilall s-lajj/l jjj iAjU£ja]I a tti-n jjSijJ ^ (jjjjil La. V 
ULljallilj C 'I ll aC. (JLLa. jA ^aUil ^jaII ^gic. (Jji.-»*sll jSiAJ . gjlAill 

I ; I <u >1 jAj l( ji] 50 jA (Jsl La.uill) ^~s ^11 jj >.-ill (J J.)*' 1 " (JclLoll ^g3 LIUj 

^jAj iKUa t^-s^.11 ojjKLII Cj^lclLall ^gi Lai .■‘La.jLall Ajj'-sjl jjjI jaII 
ol£Li_alj .(<uajL jjj) JclLdl jf. aI jaII t. a\~i-N.a jj£jj <gi (Gradient) 

Jgi ^jAj]I JaIc. Aa.1 jA A: V t jJjfa gi-lii-a U jL.ua ^ic. jiaViII ■‘ULaC- jjA-Uj 
£jJa j jj jja jc. aIIa ^aJJj . ( jAUll (J*«->q\l j-lajl j . j\ \ I jj*-! Al ja]I jKjJ 

J&LLLI ^gi GV-La (Control volumes CLuLia) saaIU ^LaJ Uijj*j j 

(^ jaJI) Ll)jaL]l jj • ^ > ->L/ 1 <ilL jA A^.1 j (_K1 (JlK]l ClL jl JJ £_>Aaj j=J t(_gj,i^>ll 
^aJ A3j .oAaLolII j. y -Li I i ll"i-» a jjj aIjaII JaUj jAiAa! jc.LLall gj “Uj^AlIj 

iCjUx-lLdl ^ (Inhomogeneity) jaIUliSI j^aU a j.^i jil 4iiiaA ^aLl ^Ijial 
.UK 4-^.1 jllal (j^fL (jl (Jc-1-L<JIj ^JajjaiJI aJL^JI Wqa l.V^I j 

.Jc-lLol] Laic. jLlLoJ 9.6 (j^JJ 

JaLfcjlj (Jc«lLa]l (Jji-ujj (jS-aJ 

<*** J j ‘0 = F out =F <jj jj £ j Lima : (Batch) CjUsaJI Joa! — 

.luu jj£L 

t jL^a jA jj£l l^LuSj F out — F jl Liua>. (Continuous) j LAuia . I I JUaj — 

. Hull ^a^aJil jl (J I 

(Semi-batch) hULaII - . J (Fed-batch) fl*LI-ciil»iA KaA - 
■Ljl jj ja=^dl jl (jl .0 = F out J ji^Ai j-a jKI F 4^13 j Lina. 

4.6 (JjLaJt j-aaiij ilgluiljAj LaLajL/l oAA j 1 unq'i ->"n > n Uu3 
JaLajVI (J^l Jl^ll eiiUjl jl (jliuil j£-aj .“ULLill ^-1 jjL/l oa^J jjLuuLIj (jjall^-All 

Cljljjl j!ill I .lijjgj J cA^alxl! Cljljjl jj jA aUULaII 
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C, 

Jf 



»»« all j ^jUail jjJliiJI Jauiji) AiLual Aj2 j Jfrlial linn a fr Jajfr :9.6 J£2i]l 

(I h 1 ( a^LuJL jjISL (jjLa a±^j F (flow rate) jjaii ji jUj^ J jLu 
C f | J« jjj .(I h *) AftLuJL jallL SJ^J (J j F ou , (jjSJj jl O^JJ^ i^iVmialt 
iJiWI (jJljjdl Jiuijil (aJjSH oJIa!I q^Sj Ijha'i) "i" ( _ r a£ Ijll i_uj Jill jjSjj 

V > jj . w,-„ ,, a gjiiili ^yi "i" gxisjl _c j j^ji gJI C; jj»ji lilliSj 

JS Jj£jj ^uflj iluju Jal£ll ^ JaJ' ^ ajil LlLLa JJij jL ^ J ° ail j JillLi JfrLLall xu ^J| 
jjSjj ^11 X JaJj . Jfrliall u& sJjSj l! Hjlixa <«**!■ ■■ -'ll gJliill lau^jll <_yS 

. ^ jjaJI Jctiail ,_yi “UjSJI 



General mass balance equations ^1*11 J2S1I jjlji ^jU-# 1.3.6 

4j.iljcxs _jA “Lolxll 4 j‘J.oLij.21 Ji£JI dlljjljj (jliioil 4 _iLoC. i ^3 ^_yi LAM j] 

O-aZ <Jil' J&ll oJ 

+ (Net ^L-all jjj&ill = (Accumulation) ^£1 Jill 

(flow out) ^ jUJI Ja-iill - (Flow in) Ja^ill formation rate) 

Accumulation = Net formation rate + Flow — Flow out 21 .6 

gi ^>2 1 Jx (Accumulation) ^£1 Jill ^-LLu^u gjuij 

4_iLaC- (_g jj-s II JeULall ‘LjjJ'S \1 4 li£II Jj£ji Apjl (J-la-a 2>Us tJc-lLall 

(jli iSj^CLall 4_JjVI jI jJSI (gJI Ajmillj .(Batch) diLia-ill JLuuj jiaVill 
(_jajVI cjUniol (Net formation rate) "giL-all jjj£ill 
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AjjL^kj] JAx-o (Jj5 ^ja ^ l~ix ) i 4-jjJ.2k.il A 1*^11 j 

> s f = 

jl (j-aL-aj-al J^3t-Q (Jj5 (j-a ^^JaxjjaiS 4_j] jl SjLg AjjouIIj Ld . ^LajIj 

jl (Flow 111) ^Uaj-a-Q La I .AjjIuj <jj£j l 4 4-jljVI S^Ldl 

^jLiJ! Jjsjjll j .(_£ jj^JI (Jc-lLJI AiUja^ll cAj£j-<JI Jj-oj j^- 3 
aJjVI S^Ull 4-boullj .Jc.lLJI ^ ^.jUJI :>! jJI JIoj (Flow out) 
(Feed) ^IxJaVI ajUc. $.lij| ^ jj^JI Jc.lLd! 5il ^.*'1 "i" l-jjjjjI! dili 

LaS ^jjfLj JjSJI u jl JJ (jJ^ cJc^LLdl ^3 Sjj^jaII Lj^L^JI (_Jj 3 (j-a a^I^ILuaaII j 

dU d ^ 1 = -r Sti xV + F c s f j - F out c S) | 22.6 

^al^)C- ._j£2 (J^xllj (jijii ^5 L_L 1 gaIx!) ^c. ^lil (jAx-dl ^ij fj jxjj - 

^ jj£jiSI Jl C Sji >ji j c(Moles g DW/h) <&UI ^ AiLJ saUI <> 

(Outlet) jT_p-a jjSjlill AjjLxx (jjSj (jl ,jAajjix]l jx (_£Allj J&UaII 

C f si Ixl .(moles/L) j! (g/L) jjIIIj ^Ijc. J jiiliLj (JjxlL ^ILj t (Jc-lixl! 
J jJU Ig-uAJ sa*. jj (Concentration in the feed) ^ULVI jj£ j2l Jixl 
^ <3 j£ 3I jj£jj Jj x jx ji j dholes /L, g/L) jjilL j& J jillL 

,(g DW/L) <c.LD SiL^JI SaIxII jx j jLU l^xuLiii Sa^jj ^ jj'- II (Jc-lixl! 

^jLill ^jxdl lx! . ^£! jill l £ ^ _j! '~ Q j& 22.6 *dAlxxll ^3 (JjL/l ^xkll yy^ 1 y 

(J^aj lx (JS JLus Lxllii]! «. jaJ! La) c(^aLxa]l (jjSAl! j!) Cl j^\ oaIxII iALL^AxiI 
Jclixll (jx lx J£ Li.^iV! 4 (Inlet) (Jc-Uxl! 

:^L IxS ^ '. ^>"'3 22.6 <1aIxx1I l_ujjj aI*j 4 j .(Outlet) 



dc Si t 

dt 



-r s jx + — c\ ti - 




1 dV\ 
VdT ) 



CsJ 



23.6 



Jx^tjkj (fed - batch) <2 » LI CjIjisa Lxj ^jx J^lixl! 4 ^ * .aILj 



F 



dV 

dF 



24.6 
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c flji'xj.ll (Jax-oj La 3 IjjLuo-c jaxx jail ^aUoII 0 — Fout J 



:<JU! <LUJI c. 



d = L 
V 



25.6 



(Continous and batch) oUiall j j. aiaJ JelLdl vJ _k<c JJ 
(jji* J] a-ujuIUj t F out = F Jj 0 = dv/dt (jl i$\ itLtj ( -»> V I 

LajLuiA (jJxajaJI (jjj ^)&Lia]l ^ n.^1 tL-iajI ^ j)j*s 'I (JclLall £ya (jjfixOll 

l_g\ ^3 26.6 (JiiSJI J . .o' V' 23.6 liaVlII 

.(Jjauaillll CliLllaC. ^y> ^_jj 

dc s 

dt 



^ = -r s ,<x + d(c£,-c s ,,) 



26.6 



iilli] <jLLo (_ 3 ^uvjjj (_pajVI C'i Vn.al 4 j£a^Ljj. 2 l Jj^ll CllljjljJ Jjlsluil ^jj 

:JU\ jibj UjSl\ i\jJ\ VuUI 
dci 



dt 



- = r Pt< x + D (c { j - c s ,(j 



27.6 



(jjSoll 4 g >1 1 (_>a (JjVI f._>?-ll 



iS^ 

sjI&j ."i" y-aajll (>ajVl (Volumetric formation rate) 

(JclLdl <jLj=ui]l (Sterile feed) ^-aa*-all <0.1*31 ojLo ^a (_pa<l ^<jl_jj .i>jj V 

f 

^i*-all ?.I.1*JI ’ijLa jj£3l (jjljj -0 = C pj (j j5'l > n -Ciic-j t(_g jjVI 

Lafi AjjjVI 4 liS 3 l J.a>.al 

d(xV) 



dt 



= i.i xV - F 



out' 



28.6 



:(3_J j^\ jljVI (jJjj VL^. ^^a La£) (j** ^ . '"'Si jl (jS^aj ^gjll 



dx 

— =(/u-D)x 
dt 



29.6 
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ji AillLa Jac cjjJLaV CjUjIuJIj caLuIajV) :4.6 JjJaJI 


CjLuL "tt 


uLuIajV) 


JtlLJI 


A <\1 f- ^J^XjolJ ^ o\^h — 

A -y jW (JjjJsa £jlda CllfSj - 

(_]£ Axj j 1 q > U»T>\1 

• JlA^J A '1 


dlVl ,o»"un^H 

l" ^ \\ 

(Jjii dj (jLu^ki - 
jl ^-ais cUl£ll (Jj)Vl\i 4_ijl£-al — 

ujy\ 


batch cjUiJI 


dijlj JLu^l- 
dljjJj-u-a (Jl d~vl 

A Ills 

— A \ ]^>\\ \9 i'.'MI 1 " \\ \\ ^c~. 

(jl (jfLftJ V jl <j^)-G ^AC. 

* 

A q\"vN a L ** ^ 1 

LS J^-4 JjAu <j j4j 

• A_Luj1_Lq 

4 ^>t~- Ui u l-i (, ^-n. ^ — 

(Jc-lLail -1*_J <^JLst-all 

jl ^\ L ' ^ X Wl 

jl t(Jc.lLall 

. £ tc. (^JLaSiIIujI 


^jl x>j_j (Jlc- A^lUjl j)!lui a~ 

^Jj^La ds 

X A \ s\'\^J | A <\ y\t~- 

^*V< .ft\l A \f~, c ** <1 \\ — 


continuous>«iAAll 


t 1 a\ ^ ^ <1 1*T| A l ** <1 < \\ » n\i 
<LiLaill dj^c-LLall ^-0 

j diUa.^1) 
. (Jal 


<. S ^3 (J-ftxilj ^-OJoiJ - 

^j-o (_3-^^ 1 g i\c. AJk aJjJaxo 

jl ^a! 1 AiLiJaj JaJjJa 

.4_J j! AjlSI 

4 \\1 (~. 1 -A. \1 ja'w /'Ll' — 

X_ ilic, L<^ 

aA_^\ 


fed-batch j»ULI cjUij 



The batch reactor LaL Jclia 2 . 3.6 

^3 VLa*Iixul ?-ijm dt Ink'll! jA Cll^Lc-lLall (jA p _jjll 



jjjIjs (JLmjjoJ JIa. ^ j tjuilill <jjfL J=uij jjAii 



^9 i_jjl -s' 1 !! ^ja 33c. L)^y ojd£A Ajj ^ 

i. m«i Jjjoiaill 4 \* K^> (jjA (jl J& ^3 (3flaJ Lo-lic- i=uu]l IjlA >■“ l\ i Ji \ > .1 

A iI-nII ^ill 4_iiull i_s j^)ia]l jjl (_gl 4 j£a«L 1 i 3]I i— a JJ^' 



Jc. JalLvJI (j^-aj tLuSj oj_j!ala]t AjjjaJI Cj^lc-lLoll ^3 . Cj3_j1I jjja £a jj*jj 
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jjjtj 4_uilj.li ^Auil La_a 4 ill jj-N-j. X*yi J pH Sl£ 4 jjIj CjljjjCldl j- 0 jj!i£ 

(J.3*_a j) .4jjiLua]l Jlljjll £_iiiuaJj 4-ljJ^.ll 4 1*611 jaj o-iaJj 4_l]jl ojLo 

t(Batch) CiUi^SU Cj^ILJI .kaj J IjL^ ^jluu (Dilution rate) Jkkl 

S.Ha_a]l 4_JjVl o-iLallj 4_ljoaJI 4 1611 CllUjl jj jli JLllj 

: Jj la£ ^ (Limiting substrate) 



dx 




— = nx\ x(t = 0) = Xo 


30.6 


dc s 




— = -r s x; c s (t = 0) = c s ,o 
dr 


31.6 



4 jIaj .lie. JjVl Ljjadl 4_tiSJI jkjj JJ Xo _kjJ 4LI*_all a-l& J 
t jj J (Inoculation) .i*j s jjoJo 4_<ualt oi& Jlc. Jjusaajj t4_iLa*JI 

UjW sjUI JjVI jj ,JS1! JJ C s , 0 > JJ Ik .Jlkll k_JI J Jkll 

LaiiJ 4 4_ijjaJI 42611 jkjj JjjJui o2& JjS 2I CllljjljJ Jft s-ljj . jajB 0-lW.all 
!j] .jAill i_a3jjj I." n-s jiua Jl Ig'i.np (Jj-aj Jla. 4_JjVI ajLall jkjj jkil Vi j 
4 16 U — JjSJI jjljJ 4jjla_o j jTi ojtc.j j£_oJ 4jji "jjj j_a" 4kja. T i 3-aj liubjjsl 
^J jVl 4_a_ j_lll j_o 4_iL_ialij 4kl*_a ^3 — jaIII 0 all 4 j1jVI ojLall j 4jjj~\ll 

4jjl*_aj J ^Jl 41611 jj£jj J (First-order differential equation) 

4jjjJI liLlaJI ol&j ‘4 jjj-a II 4 1611 j6jj £_a 4_i]jVI ojLall j6j!i -LaJjJ 4-ljAa. 

:4_JllSI 4jlL*_aH_s 4 -v . ."i ua 

Cs — Cs.O - Yxs(x - Xo) 32.6 



: jJj L6 4_i jJ^JI 41611 j6 jll 4_lL_blajll (_J j_?6lj 



K, 



Cs,o ”b FjjjXo 



In 



M maxt 




Xp - X 
^sx^s.O 

Ks 

Cs.O "F YxsXo 





33.6 



.V jl 'iVi'u>n 4j] j)!\ a^Uftll ^ 
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(Profile) i IujI aJj^ i.A\ c1jV«^*-a3! &^a (JLaxiiuilj 

(jl LaJ .( 10.6 ^) 3 zij!) djlx 3 J (Jc-li-o ^3 Ajj,Ukll A Vi 5 s,\\ 

Ajj^I aJj£J! Jjx ^-i~\ ,0 (jlfl 4jl^j Ijiusa j mj 4_l] jVt jl ja]I 

lAjlllill 4jjljua]| (j a 1 4J jV I J jjJI ^Jlc. l J^LuJI 
v overall X final-x 0 _ . , 

y sx = — : 34.6 

c s .o 

SjIc x 0 UJ^j -£jjJ' <4^ cf4 ^J^=4' 34&1I (Jl X f; na | >JJ Jjja. 

J- 44 JI Jj*^aa*jJI (J^U^j (jjaiCj cl£*J .(X()«Xf ma i) x final t>> L$ (JJ& 

.JaS3 4_jl.lJI 4-JjVI o^Lall ja^jJj A I'l^W jjS,jj]l JLa*llailj 




(jjjS^l) iaiJl) j jSjlSil j (jjijj) iaiJI) AjjjaJI 4jjSi! jjSjj aajj j LSl^a : 10-6 JSJull 
= (i max du^, "jjlj^" ^jjju JLmlLuiL (jioijJI Jjjjj jU .(batch) cjUs.illj jm <uL>c Jili. 
SJLdl <> 0.50 = Y sx j (g I 1 ) jjIIL ? \ J. 0.05 = K s j (h _1 ) acL-IL 0.5 

.(g DW (g glucose) 1 ) jjSjlSj.ljc.Jij AilaJ 

(J-aLx-a 34.6 aEIxaII (S^ (J-gLx-q (jl Ja^-V 

(jl (j^4 Y sx .Y true xs j! Y sx J-gLoJI 

ijc- ^ >11 j-^1' aj^ ^ o jEc. ajV (Time-dependent) c^jJI ^ a1<u 5 
tilliA (JL^. J .(2.6 aEIxaI! ^liijl) A_JjVI SjLdI (j^aL-aLal J-lx-o 

UJ& ll) cC1Ajl3.i]I (Jc-LLo J^xaj ^3 C1i3LgL*_a]I &.AA ^ikj 1.1^. li n>n 

j^ill gi j (Exponential growth phase) I 

(J-oLaJI JjjUJa jjSj U^ic t (Short declining growth phase) Ujj-i 
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Jj (■ . \* I. * *1 i 4jl \ x ^ (jJajI tilLiA I j] J . (Jjfc«Q^fc <ft\l ^J-ftl_X-ft ^Jl 4^Labft <Lftj3 I j 

L r Akij 1 $jV tilli c (Batch) cAUijll cii^lLi ^jjlaJI J jj. si~\ a\\ J-ftlx-c 4 _xu3 
(jli Ijj Lai . djlx9j]l Jc-lLa ^9 &jjJAj \* >.s-i) ^ill j ^jLj^all (d-ftlx-ft ^jc. CllLa jlx-<a 
g’nnl (j j^J > 4 j-ftjll 4i^.j-ft j^Lk <_£ jj^aall 4j-<aj9 Ia^. Ljj 9 (>> ^C.jj]l j-ftjll (Jax-o 
5JjLst-<Jl ^Ic- jLft.ic.Vljj t<!LftAj ^Lls 4 jLj^ 1I cijLiLftC. (j>a aJjVI S^Lall 

^.IxaII (Jjj-£a^ftll (J-ftlx-ft ^j-ft Ia^. Ajj j 9 <Laj9 lj ^AiA^JI JjA-sa^-ftll <jj£j 14.6 



's? 1 ' ** ,'J..'^ <1 j^3I i_y“ l—J J..I-V J1 j (4 (j«a 0jUll^ 



Chemostat Jillui^aoS ji Cul^lt 3.3.6 

cJiill ^JoiL J-ftJjouall Qf Jnl.^kll Jc.LLftU JAill (Jj» >M*l\l 4jLftC« C—ijJlj 

j*i*vj c—flLja-ftll ^jIa*JI Jajaij]! ^jj (ChemOStat) djtLaaj-ftjS jl ^jlj-ftjill 
-kbjJI cillj .(limiting substrate) $aJ j Sja^ 4_JjI SjU ^ 



J^SJj (jAx-ft jnai <j-ft j . 4 jj..).iv. 1I 4 ^C- jill (Jjx-ft jjxIi ^ Jc. ajIaJjaill j 

4jjjj 1I (Jc«LLft]l L_fljjJa 6(Jc.lLftl! ^Jj ((_£Jx-ft]l Jajuijll 4iLjaj (_£l) ^ I Axil 

4.1 mil L_flj^)iall tiiL jjjL ^jC- *Laj9 CjU jlx-ft ^glc. (Jjj-a^JI (j£-ftj ^JLlLj <• jJx’nxj 
CllUx-lLft Jc. (_£^kl 4-£-ol cilliA Cllljjai j-ftj£ ^iLAaVlj .L^Lkll 4 ^Lj9 ^ 

JalL^JI 4jAxlill JjSJj JaijJ? ^aJJ pH“Stat SI ^Li-ft i j-ftjjoLftll Ja-ftilL 

(.** iV’nti jAijjjII \ k ^>jl cilLiA {{£ jj*n\I Jc-LLftll J^lj 4I1 jIj 4jJaj-ft^. 4_^.jJ L5^ 

Aliill j j^jj JiliaJI Ja.1 ^ 4jjiull ^jj -kuja ^jj ^aII Turbidostat 

^jjjjj (29.6) 4-jjJ‘vSI 4_lj£il Jj^ll jjl Jj 4-Sjlx-ft ^j-ft j . CjjIj ^ jjjaui 4 j jjjaJI 

jL ^(Steady-state and continuous) djSwII j S j^u^S I Cj^lidl ^ jL 
:^L LftS (Dilution rate) hk^W Ja^ ^ jLuj ^ jill jAill Jjx-ft 

^ = D 35.6 

^ (Feed flow rate 4 ja*i1I Ja^ jl) c. \\k^\W jIjL> tillil 



CjLujIjJj ^ftjuaj Lft I La .A_ail^-ft ^^c.jj jaj (Jax-g ^-1^. ^qj^jiaII Jc.VLft]l 

A \ \x a Ajjj c > u tiljj) L);i*-ft jj j-ftj jAx-ftj lAj-ftj ^.IjjI Lj^L^U 4 iVu^a^j 4_i^.jljjjua3 
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JjSJI jjljj (steady state) JjSkiVI <1U ^ .(ajLsJI l^JI 

:^L L. UjSl\ sjUI (36.6) 

0 = -r s x + D (cf-c,) 36 6 

(J-oLx-o (35.6) AiLLuiil 4_1 jLx-o]I ^xj ill j 

* = y n (c, r -c.) 3 7 . 6 

aJjSJI (jjjLiS (j-<a (J-olx-a <L<u3 4_jl 

C-l-lxJI ^3 4-JjVI S^LaSI jL (j^a^)jij) AjJjVI a^Lall 

.(^jk^ 



Iajj 11 4_ij£H (j_jl jJ (jj^ j-g" (^J) )-Vt ^aJ I jj ^ 

c« 



D = Mi 



Cs + Ks 



38.6 



DK, 



C s — 



39.6 



Mmax D 

^LjjiJIj jIjJj (limiting substrate) okkJ yJ jVl si-41 jaSjS yli aJc. j 

J-iU-a aJjVI si-41 Jw^jj j la.ijc. j .(dilution rate) i S4S.4I J-ia-a 

J] ukaj (dilution rate) <- foVil l Ji*-<> <jli (jajidl c-lkll aJ jVt si_4l 

:(Critical dilution rate) £ jail <- v _ r * J au ^41 ja j fd S-aJ 



^crit — M 



max 



40.6 



4 + K s 

lA^lic. 4 ftjlA <- (J.Ax-a A-<u3 Lo^ic« J 

(jl 39.6 (j^ . ^ j>4^kll (Jc-li-oll a Y&W l . ailaVi ^jj 

aJjVI SjIaII ^a£jj um! \a s cAi*jjj-oj£ 

c, flift.Vlll (J«lx-a \\x'\ (j-0 4-jV cilljj 4 C— kjUajJI 

AiLjaj .^xHa]! J^lxll Ia^)Ijjc«Ij d^Loli JJ. 18 U 

A^laill SAW* <aili-<a <^lli C5^j 
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jla (Parameters) ^ Jl Ailpl 

(_£jLuU < ilLvllil Ja*_o jl LaJ . <jl n^>ll ■ll.'l Vl\ -ll2>. (JS k'a) L-U jAjj eLlliuj j-aj£JI 

IjJj Lo )->»Jm 37.6 J 14.6 jJjLla-all jLajl jli t ^E._jill _j-aiSI 

D / f , 

x = — c* — c s ) 416 

Y£ ue D+m s Vs 7 0 

dlV4-*-o jj£j t-aA'iC- 4 ;j_ Jl aJjSI! jj£jj jlj 41.6 5Jjl«-aI! jJJJ 

Ijtij y& kjLu^all CjLiLoC. ^3 LfjVI ft 4-41 j ^£4 . ' j ^ j i 4 \ \ '■''* ^ ^c.^i]| ^u]l 

C1jV^*-o) ^c-^iil ^-cu]l CjV Aj^-q j Jj IxAic. j . L4 j-< i ji . .1 > LjUa-a 

(J-alx-o jjfLjj tljajfl (J-agj jl ‘Lk.jJ Jl 4; SjLu^all jj£j (Ltij^o i q aSA 

5JLaJI J D =|j, (jl Lajj . JjiaJI (Jjj. a\\ LjLai* J 

Jki. kDlc. (jc. J* j 13.6 kbU4l jU (Steady state) SjaL^I 
(Specific substrate J 'jVl SaUII ^x. Jl j-al-alaYl jx (Linear) 

LuS jSLaj JkiJl <£441 aAA J7U. j-a .i^jai^II J-la-aj Uptake Tate) 

^Ja^JI jl . ‘ **. 'V I AjLj Ja (JLajduilj kjLix^a]! j ^ Q j ^ 11 J y 41 JU 



.(Linear regression) 




cjVjx-o u^c {■) LjjaJl k!j£l I Jj£ jj paUj .(limiting substrate) 'ic j^-j 
‘L^^ p. t flj4V>ll ji jLa Jj^aj aIp j ^(maintenance) AjLu^II A-Jtc- t flj4Vvll 

(. flj4Vi dilpjJ i jl& f Jajj (A) JoSjj jijjj .Ujjmj ^jiaLLxjVlj AiliSJI 4 -aaS jiaj 
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J<uau1l JaaJ! jjxj . Uujmi \±u £ A^JI cJuiklll J AjC- iA-LIfl 

J^sl jC- qjujILaj AJltyall J-alt J^xIujL ' ^ Jj-aILj SlSl^-a <jC- 

:^ILSSLS 

Y™« = l.70g(gDW)-'. O.OIgHim, = 0.08g (g DW h)" 1 
c f .= lOgl" 1 ; Mmtx = 1.0 h-'; K s =: 

■ 42-6 EjlxaJl uu& Aj^LijVI ijj iuta (j®' |^'* 1 *" 1 A " Jaiil JJ*J 



jl jiiJI ojxax ^>VfLa aJj£ (J ft A a t_Luijl jA jjl 

AaSIc- 4_iaASjJ cs ic. h°ll Vl CjNe-lLail o3A (jV lilljj (jjjlxa (_£jia. (J^ 

4jjlxa]lj AjjJiJi A l"61l 4_ixljjl ^jl .A ;la»ll eljjl (j-°3^^ ij" 0 “dj^la ojail 

idJUl 



P x = Dx 



42.6 



. i ajaxjil J.}xa j A^^jjy I (jjj 43^1x11 (_£ ^y 11.6 (J^joII j 



dblxdl) ajjjsJI SVvsil jjSji] (Expression) ajj^sJI <xiall Uk.i Eli 

o^aj iUjj I sjUI jyS ,JA 39.6 dblxdl JUjI ^ <42.6 *hU-ll (41.6 

tilliA j£j E) .3-Ii.lljj ^^lc.1 ^ Xia"l ls j]I I. 'ijq-s'lll ClN-ixa i_jLati. Iajuc. 

<blxdl ^ la£ (Optimal) JiaVI <JuiaA! J-ixa jjlua Uoic t0 = m s J 

idJUl 



^opt 



H max 




43.6 



^i Jais (iflall (Optimum) <^2141 ^1 si* J JjSbll jjl ^-41 j-a j 

^ixLa£ <jl n^nll . " 1 1 j I jli . I . ■"! *Ol u.nll j ^£j La-lic. 3 ya ^ j jxj 

j)-a JjjLaJI s33xLa XJjlxa Ja. Jilaal 1 1 iNMI J-Axa L-ll >m"s ■ VVa ; lAAic. 4^>i.l 



3i.lj Jx <ljlxall oi$J (jjliaaj .(Third-degree polynomial) <2121 da.j2l 

4 033x21 4jjlxall o3A Ji. (jC. Laaa_jC. jjSlj . I ajAxji! ClN 3xa] (J_jAail (Jl •s .all ^3 

.(Numerically) Ej33c Jxli jUjI Jx^Vl j e^ouVl j-a 
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The fed-batch reactor fbdal-ejUiJI 4 . 3.6 

diLLaxJI YU,.jJ diLlc-LLdl Jj ».uij Cy* jmj Lajj 

A.ni.ill c_fljjiall ^^ic. S j)o.u.allj A_iV (illi tAjC.l’b^a .11 

jLiC- ^^lc.1 ^5^ J 4(jJ*-a (_£ jliuiAJ jj^jlill jj£jj 

jn« J ^jljJ jjIIIj CjLqI jxll dllLc ^Hlgh tltrc) 

0-1A (JJJ l‘* ^l<a AjLoJ cilljA .Ajl^yUI J^.1 jaII A_Jlj]l 4 -v \1 » ^\1 l " \\ \\ a * \ a 

UoV) ^l*Jaj — Cljlstijll! Cj^ylc-li-c ^ .CAjjoj j-aAl! Cj^lc-lLoj ^1 Jj$\ 

j 26.6 (jJjl.il*-A]l ^9 s-Llj AjIjVI S^LaIIj A-jj.irk.il A 1*1^11 (jjljj 

btij^a C s 4 j]jLM ojLa]l jj£jj ojlc. (jj£L .“Labdl (Jj^]l djbjl jj ^ycuJa 29.6 
La JclLall £.l.2ijl (j3Jjj . jj£jj]l ^Jlc. £.1-2x11 jjl (_g! t^lxJaVl 



:4_JIj 1I 41jlx4l (jJJJ La£i ijjlil i < jVi J.2 xjs (_£.2 jj 



1 dv 
v"dF 



44.6 



jLjjl •La.laJI ( ^ g c.,Vnn‘nn2 . D 1 AjjIj Vu3 ( _ s lc- A L4 ~s all CluL Ijlj 

ltL\j Jjj-a^-all J-alx* JS IjJ .J&lLall J] 4421 (jajul (Exponential) JjlLa 

:4j11j 1I 4Elx4l ^2 LaS. (jjSL 4 j]jL/ 1 ijjLallj VjjaJI A l"i511 (Jj£]l CllljjljJ (jlj 

d ^* 'd^ ^ = ^ ~ D ^ x ~ Y sx r * x + YsxD (cl - C s )] 45.6 




~ y S x ( c f ~ g s)] 

dt 



— ^sx r s 

= -D[x-r a ,(c s f 




LaJ 



46.6 



aJj^joj AjiiJalijll aJ^\-*-<JI 6 ^a 44.6 aJ^I*-a 11 £-o 1 ^_^-gAjj 



iajJUII aLUJI aJ*J jj 

Tsx (^s — Cs.o ) — Xp _ V- 
Ysx(c s f -c s )-x “Vo 

o-iLall jj^jjj tVjjaJI A±j£2) (_5^j c^JjjuIIj j^JJ V 0 J C s 0 J Xo a" \ i— . 

(jj£j .(Fed-batch) ^Ldal-CjUij <jla& ^ jj^JI J&U 4 I j 42 jVI 
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f. f ^ f. 

(3^ jjjj L)* Jc-I s^lc C s alxJaVI dllatiU J 4_djVI jIjaII j Aj 

villj j*jj .(c s ) ajLuJI frlit UjAJ t>j (Initially) *AI J JjVI siAl 
(Ljajl 4_iLaxJI JA Jj £"AI J 4jjJaJI 4jj£ll 4 -<u 2 (jx 1 g'uj4 Y SX C s (jl 
4jj£Lll jjfijj (jjfLl Lo-ijc- Jia. f -»>all J Jjia jLpjl Jc. 4 1-iM -\<iil (jS-aJ lilljll 

.1.1a. Ulc, AjjjsJI 

tJ&UJI Jl c.lii3l (jajjl (Exponential) jJA jUiJI ^Ua (jl£ 



cjllj 4_jjjaJI AijSlI (jl LaJj c4ji_jaXo “LaiS i_gj 4_jj4^ 4Jj£ ^aj ( Jc- jj . '. .1 

£ 1 .1x11 J-li (_£ jlu ix Jj sjlc. ^aJj 4_ilc-j . (jjjajjiSMI Jjj J (j^aa j Jl lillj 
tilli ^.IjjAu j .£ 1.3x11 (J-lx-s fnn"' Jj Ia.Vic. 40.1 j W ^ jjj-s. .XVI 4_ia£ Ja. 

4 0-llxll J ^Ej)J 4jjJaJI 4 VXII jj£jJ u' Iaj 4 _j • ^a1]I (J Axa 

qa 4A_JjYI -llj-ol] ^ A^k^ll (Jr*i\ kS-i\A^\ (JAxa (Ll^jAl) CllLlill (Jc< (j£-oJ A_jU 

A_iL oC. A_ali^o ^alxJaj djl j^jil JJ joiI J ^a-^j La-o L^-Aal J (jjill . I Lg-lojJa 

(JjJafil ^ic< (j - * 4 JaJjJail A-iLoC- ^jl j 4(Fccl -batch) ^aLxJaj — CIjLslS J 

l^ia. i j» * ^i\ l (jAj to.Vq* aj Aix^-a aa^_a <^a (Optimization) 



c < il A-iLoc. 4 Ai^. ^Lx*^. j-^ ^ LaaIc- .(Empirically) A_ijj^)^i]| 

^alxJa^U 0 aU^)J (JjJaSl (jC- (J^)Lk a A K >tiA ^aLxiaj (JjJafil 

! jljJC-VI (JjJXJ (jjAg A (jjJLalA Akl ^j-o Aj V 

. ^A-iil oAho'l 1 AILIj <-<u 3 ^^ic. aJ^I^aII — 



jl) Aj^J^JI aIjSU ^ A^k^ll Ja*-a] AILIj A^oj3 ^ 5 -^ aJsisL^aII — 

. (a \ \X A AJjI 6 ^La ^J-aU-allA! 

&jLa ^j-aL-alLol jl) A-jj)A2kll aJjSI! ^ A'N^k'l CIjUj ( 3f2aj ^aJJ 

0 t — Lj 4 1 Aj.Wa ^jA^k. jjuiSV 1 LaAjC« 4(a_11*-a 'LJjI 

ojLaIS dulilll ^jj Lo llllc. .IaSa aSUJI Ljj^ ^ 

^jj 40a1a 1I ^..lu-raj Ua.i.u.'i ^ iutu>n Aj] jVI SjLaII dulS I jj aAW a\ 1 A-il j^\ 
aac.^)]| ^ 5-ic.j 4 -LajjaII A-^.j^ ^^ic. ^Uj A-J jVI 6^1^11 aJL^JI ^aa 

AiaL^-All cJ^I (3 -0 ^aLxJaVI uj *E^L^J! j-aj ^ja ^.^^juj ^)I^)aLujI 
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(jS^aJ t|J,Q CjjIj C s <JjVI SjLai] dulj j^jj (j-ic- 

.0= F out Lo-ijc. 28.6 (j-o >uj Ajlaikjl 

d(xV) 



dt =li ° xV 
xV = xoVoe* 1 ' 1 

aJjVI S^Lall jj jla dijlj aJ jVI ojIaII ^j£jj ^jl Lajj 

-YxsHoX + D (cf - c s ) = 0 



w YxsHo Yx sMo 

F t = — : xV = — : xoVV 

d — c« c* — c« 



/*ot 



48.6 

49.6 

50.6 

51.6 



'S ‘'S ‘•S 

vilj j j 47.6 'UjIxaJI (jxs x(t) \1 A Vi5H jjSjj ^^ic. il 

• C Sj 0 C s 

52.6 

53.6 



x (t) _ e Mot 

xo 1 — ax o + axoe^ot 
Y r 



a = 



xs 



4-Cs 




j (jj*js j- 4 j) lSJ^^ Jclisll (fcij* j^j) aUSJI JjS jj : 1 2- 6 JSjjJI 

SjUU iiulj Jj£jj £.* fULl-cjUij Jell* (dJla >j) (feed flow rate) ^ULVl 
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% 

9 ) Ji! Aiu sjLa 0-5 Y sx a" J^Lju) 4_<ua clijjjfrl .AjIjVI 

(h 1 1 A^LuiIL 0-02 A 4jSj U& jjjju jig ciuliiil < __ r & (DW(g glucose) 1 
<ji <ja \ Jjfil .(kg m 3 ) uxLall jialL jlS 400 (_jA c f s j»ULyi <jk AjIjVI SjLall JjS jj j 

ayij Xg AjlaxS) pli ^jk AjjjaJl AJjSJI jj£jj <jl ,C f s “Uui qa jj! i£j Jiii AjIjVI SjLaJl jj£jj 

jla 80 j (kg m 3 ) uxL«II jiaJL '*J£ 10 JuAuuIL < Jijjjxj p Jcliall 

.(m 3 ) L jx£m 



:^i; La£ i _ Un^.j jj^dl J&lLall ' j 



— = 1 — axo + ax oe Mot 
Vo 



54.6 



^■s ^ 3 Ajjj^JI aJj£ 1 I u^l aJDI *13 1 i^iai I jg 12.6 (JSojjll (jjjj 

jl y'ir,l ClAjLaC. s-ljliJI (J^auo j (JcLLall 

.iitt aJjVi 



c> 1915 <*lc. (Fed-batch) ^Uil-CiUij £- jjll ^ JU*U 
UjjL sjii ] j . j^klt Sj;!^ ^-Ejl ^k ^ ^ Vh»j J jVj Dansk Gserindustri Jja 
CiliLc- ,_J .(Danish method) A-£jUjall aIijMj Ala^Idl al* Cijl£ 
(MolaSSes) (_£j£Ldl (JjLuJI ^lail ^ u >-i 1 jjLaidl iuw'l CllljLaJl 

(Traces) CjLu»£ ^Us <^ic- K u ^> j aJI^o CiaJ 

Iaa J j* ^ jib .(Exhaust gas) Jc-LLd! t> jdd' ^ J^UL'yi 

Jtp\ J 3 j A-lj_ 1 ^> \l A l" 61 t (jli t(jj!La _^aj .13 

o jj ,n A ^tlij ^ 25 >’*).' td]j Aja&I jAjj j . A_il] (Jjj— a_jll jj^AJ (_£jJjous 

> 

•X<u*j 4 jjiJI ojoas. ^tij) AaLiaVlj . Jj>^ ^11 Aja^ ^Ic. (jj^J 4 ” n% 

(Secondary metabolites) aj^ o^4 f'jtil-JoaE a4U^ 

o^jj£ CjV&jaj Ajc-li^a (jjaljC-V CliLaJ^J aJjIc. IAj^joiI) 



. CiLjLaC- Cy* 4 .''■ /> 
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£-u 6.4 
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processes. The book treats both growth kinetics and design of 
bioreactor operation. 

Pirt, S. J. “The Maintenance Energy of Bacteria in Growing Cultures.” 
Proceedings of the Royal Society London, Series B: vol. 163 (1965), 
pp. 224-231 A classic paper on maintenance metabolism. The paper is 
very clear in its presentation. 

Roels, J. A. Energetics and Kinetics in Biotechnology. Amsterdam: 
Elsevier Biomedical Press, 1983. An excellent monograph on 
thermodynamics and kinetics of cellular growth. 

Stephanopoulos, G., J. Nielsen and A. Aristodou, Metabolic 
Engineering: Principles and Methodologies. San Diego: Academic 
Press, 1998. A comprehensive monograph on modem theoretical 
methods applied in fennentation physiology and metabolic 
engineering. The book describes the theory behind metabolic flux 
analysis, metabolic control analysis, and thermodynamics of cellular 
reactions. 
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Bioreactor Design 

Yusuf chisti i /^y 

Massey University, New Zelanda .iiliJjjj ‘^ts 





Nomenclatur 




Ad 


cross-sectional are of downcomer (m 2 ) 


JjUll jxl! <dl 


A h 


area for heat transfer (m2) 


AjjI jaJl Jlill 4^Luu 


A r 


cross-sectional area of the riser (m2) 


JfrLuall LS jji jxll jIsIa]! 


a 


parameter in Eq. (7.8) (— ) 


(.) 8.7 J d-lc 


c P 


specific heat capacity of the broth 

(J /kg/ »c/) 


jjLdl Jauijll 

' (J/kg/°C) 


c 


dimensionless constant (— ) 


(.) jbuVi cuii 


d 


characteristic length dimension (m) 


(m) Jjlalt 


di 


diameter of the impeller (m) 


(m) jLS 


d P 


particle diameter (m) 


(m) Nifsdt jlafl 


dx 


diameter of bubble column or tank (m) 


ji ejlfrllill JjjjC- Jal 






(m) 


d„ 


fermenter wall thickness (m) 


(m) jl-la. lihuj 


e 


energy dissipation rate per unit mass of 
fluid (J /s/ kg) 


JSl AjjUall (JjXd 

(J/S/ kg) jJUB Ul S, 


G r 


Grashof number (— ) 


(-) fSj 
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g 


gravitational acceleration (m s-2) 


(ms' 2 ) £jLuull 


h f 


jacket side fouling film heat transfer 
coefficient (J s/ m-2 °Cf) 


f. Luill j jl jaJI Jlilhfl Jabia 

t_fclill t_ill^ (jS fr i-iaujaall 

(Js 1 m 2 C' 1 ) 


hi 


film heat transfer coefficient for the 
cooling water on the jacket side 
(J/ s/ nr /°C) 


f. Liill !j j\ jaJ| Jiill Jalia 
ufclill —ilia. l jl& JjjjjII pLal 

(Js 1 m 2 C' 1 ) 


h L 


height of gas-free liquid (in) 


Jlill <> ^Ull jJUll gtiSJ 
(m) 


h„ 


broth film heat transfer coefficient 
(J /s/ m 2 °C) 


f Luil jjl jaJI Jill) Jalxa 
(Js ' 1 m' <j*ljJll JJla 

z C' 1 ) 


k 


parameter in Eq. (7.8) (m' 1 ) 


(m' 1 ) 8.7 ^IjU-II J Jalft 


Kj 


impeller-dependent constant (— ) 


(-) Jjliill Xuxa Cjjli 


K t 


thermal conductivity of the culture broth 
(J s/ m / °C/) 


lauijll j jl jaJI jail 

(Js ' 1 m' 2 C tlUll ^IjJll 
>) 

jAa-all jlJaJ jjljall Jjadjall 

(Js 1 m 2 C' 1 ) 


K w 


thermal conductivity of the fermenter 
wall (J s/ m / °C/) 


1 


mean length of the energy dissipating 
fluid eddy (m) 


JJjIa Jjlalt 4_ajl.ll Jjlall Jjxa 
(m) AiUall 


N 


rotational speed of the impeller (s/) 


(s' 1 ) (jaLkll ^Ijjj 


N u 


Nusselt number (— ) 


(-) lLlLujjU 


n 


flow behaviour index of a fluid (--) 


(-) 


P 


power input in gas-free state (J s/) 


U\±i\ iiua ^ tewi $ jin 
(Js' 1 ) Jlill 6- 


Pg 


power input in presence of gas (J s/) 


Jlill J i jajj Ailljll a jill 

(Js 1 ) 


Po 


power number (— ) 


(-) Sjill 
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Pr 


Prandtl number (— ) 


(-) lPjj 


Q 


volumetric gas flow rate (m 3 s/) 


U JUJI JjJLA 

(mV 1 ) 


Qh 


heat transfer rate (J/ s) 


(Js - 1 ) J*- 


Re 


Reynolds number (— ) 


(-) Wj 


R ei 


impeller Reynolds number (--) 


(-) jaUh j»flj 


SG 


sight glass 




AT 


temperature difference (°C) 


(C°) SjljaJt 


u G 


superficial gas velocity based on the total 
cross-sectional area of the vessel (m/s) 


(ms' 1 ) ^aj all 


u Gr 


superficial velocity of gas in riser (m/s) 




U H 


overall heat transfer coefficient 

(J/s/ m 2 /°C) 


{j j\ jaJI Jill! J^U-9 

(Js 1 m' 2 C' 1 ) 


U L 


superficial liquid velocity (in s-1) 


(ms' j-iUll 1 „n | 

’) 

(m 3 ) Jfrlial! ^ f-Ldl 


Vl 


volume of liquid in the reactor (m 3 ) 


P 


coefficient of volumetric expansion 
(m3 kg/ °C) 


w aa-aJI JXull 

(m 3 kg 1 . C' 1 ) 


y 


average shear rate (s' 1 ) 


(S' 1 ) Jiuijla 


V 

* max 


maximum shear rate (s' 1 ) 


(S' 1 ) 


El 


volume fraction of liquid (--) 


(-) jJLii! w ^ 




viscosity of liquid (kg/m/s) 


(kgm' 1 S' 1 W jjkd' 


f*w 


viscosity of water (kg/m/s) 


(kgm' 1 S" 1 ) Vjjl 


V Lw 


viscosity of liquid at wall temperature 
(kg m/s) 


a jl jjfr jjIaJI 

(kgm' 1 s' 1 ) Jjail 


Pl 


density of liquid or slurry (kg/m 3 ) 


(kgm' 3 ) jjUII kalis 


T 


shear stress (N/m) 


(Nm' 2 ) (_k=B 
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Introduction 



4 - 4 -sL dt 1.7 



f-lc-j (jc- ojCc. j a-s al l jl (Bioreactor) J-lLall 

^Jl (CJjVI fijlall) ojLa J£l jl A^lj jaj**! Jc.lij 

p s= s= * 

aa!*j ^lUjj ^ iS^ LijjjjJa le-j^ d^lc-tLall .Lq 

jl t AjjJajl jl ja jl ^Ajjj^. a!j£ J^V dul£ c-Ijxjj tAjjj^JI A_ii£i]l ^ic- 

JJC. dLyLiJaill ^gh jl c jVl L_£ja La L_i£ja] (_£ (JjjVaII 4j\aC. 

CLjI ji^-a a jj Ajjj^JI O^Ic.IAa 1I u.hl ^Ull Clinic- liftll jaVj .Aj jc-jaII 

j! CLAjIaaII J dlUljJ^Jl <ja l2)lV Vjjg >a\I *U^VI jl CliLajjjVI L&-° 

• c ** u J J J^l J Ij J.1J jjjLoII Jja Aj jlV CjIj^ j-a 



. (_£ j» t l^ll j^-aI] ^Jja]! AjiLila jll w_ijjla]l Vi 






CjlstjaJ Ajjl^JI Clj!ylc-lL<a]l (JA AluiLal ^1 c« ^ J)*vll ^”\jjVl (Jc-1^-0 ^ J)‘Wjj 

gi cilli ja JA^I Cj!ylc«laA ^.IVujJ .250 111' ^] 20 L (JjU AallVa 

jl (Batch) Ax^^ll Aijlaj ^ C5^J t Clinic. IAaI! (Ja*j . A m a CjLiIaC. 

__J.jAV.lil CjLAaC. ^ha <a I Jll) . AaS*. a j jla Vi Vi j (Fed Batch) - slii-dl <*iJt 

A*jj .a^i. >.o d^lc-liu IAUI jl Ajjg -s all dil nAll AjuUII 

l a'S ~s (JfrLLa jji_ua]l j£.lLall (_g j’W a (Jajj c4jtAAi] l Snw AW a (jaj 

^11 (jja, ^Jl “CLudl aA& ojlc.1 Jlj 4 Jtall JajaijJLj lc._jLaa 

(_j£Ld <Jjl Will dljl-a.ll a . 4..I ml >,>ill ^__i (JftLLa i^ljjVI jda 



(_Jc.lLall ^Ai-all Jsuoi_j]l ^ jl W II i sldaJ 4" 1J*v toj_jdt-a 

^g 3 ‘La.W'n.uill d^lclLall ^y> <*jld]l ^l_jjVl ^^Ic. Jj^aall lAA • <— U nldll 

.d^^lc-lLal! oAA jjM (JSJ A j^i^.WllI dljliic-Vl ^gic. J Miiidall <j&l u^-ill dl_ila.il 



:lgj Will ^'ij > .1 j^ill A J . jl^jl d!)Lc.liall ^l_jjl Jduj 



(Stirred Tank Reactors) a 5. jiddl kidj^JI d!lelLdl - 
(Bubble Columns) dlcliill saae. 1 - 
(Airlift Devices) Jl j^ll Jjll d!i&lia - 
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(Packed Beds) a j$-4l - 

(Fluidised Beds) a j$-dl - 
(Photobio-Reactors) ajj ajj^J caSlc-UJI - 

A_iLaC p.1 L-lj)b*i.a\l JeliLal] Jiil! (jC. ill — 

((_£ ji.1 Sac- Jl oliljVI i _ 'U-i'n AjjjaJl (Jc-lLdl jjla tAlia-o 



’cA 

^r^A\l AjaL^I A&jj-a A_iLudl ^glc JaliaJI Aa.laJI — 1 

.(IAUJ <> a*.! j £ jj ^Ic. ajjU, t^l) i(Monoseptic) 

j (_£ j|j*\ \1 jliaJI jLuajl (jLajuial ^gJI Aa.laJI — 2 

.<_£ jjaJI (Jc-lLdl ^ 1 I'm! A mil Via Ajuj ^^Jc. 

. Au>SI (jjlj All jlj (jj-s — 3 

(Jjjt-a ^ac. Ajjj^)laJ Ajjlaidl j \£ Vi — 4 

.<_£ jiiJI jliaJI (J-sfr A_iLla] 

A^ja ^^ic. ’QbnuH (Js4I — 5 

Jc-lidl (Shear stress) o^all a^ oVa** <^1& s jkudl -6 

jail A hmil jj (J jJ^JI jlsLaJl jji>i'ii V C'n^. i 

■ Aql"iA.dl Aa^o-aiilj jjajgJI 



Bioreactor configuration 



AjjaaJI U^lfrlLdl Jliii 2.7 



Stirred tank reactor j^LLaII cstel L> 1.2.7 

a_jAC ^_1 c ^ j'W' Ajjl jj J— i > >il (_pal_j2at (JA dl^Lc-lLall a AA (jjSijj 

Jvaj aia .(Agitators) cAalaVll ^ JiSl jl aaJ j aLai j <i \j xa a hunt jj 

(Jc-lLa 1 1.7 i_}S >~>ih . (JcLLdl Sac. 15 (_ja j! <ja a_jA*J! 

.Jllo 
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. 




. !j!a jJ JC'lLa : 1.7 JluJI 

jIai (Baffles) 3?A ‘' j< yjL ®Lx. Aj^.>.all «.Lia.Vt Ax-^jx o 3s-?^j 
(_^ajc. jjJLi .^jLal] (Vortexing) ciiLalj.21 Cjja^, ^i» 1 «.lx.jll (jlj-iaJI jx 
4^1) (Aspect ratio) A&Ujll Lai jLS jx 12/1 J 10/1 jp.L2l 

p ‘iVu.n ^21 Clll3x*JI aljjjjxL ;5 <^3] 3 ^£3 U^ 3 (^)Liq\I Axxoj 

.sjlc. 2 i^c- A \\ -n. \l sLa Axiuill Ajjj V C±ia. 4 Axil LLLi. Ax. jjya 

(Animal cell A_2 jj=2I LLLlII cA yvrn^ J ^ jl> <_k>I jJ jjjA V 
(JjVi'31 i_i=>.V (^-s^ll a ciiHx-laxll AJL^. <xaLk^ 121c. 3?J j^JL culture) 
eijl^l ^3 ^1 £j 12! (Turbulance) xjIjLu^VI cy> 

^3221 A21 A \t a» n . AjkL^_j3l a n >i 'i ^Ac. A_a.iixxi3l eiilsl A \1 jjx. 3xA».j .122=21 

.o^)*3 (_3 _j 3 (_pa _j^3l ^)Ia3 1/3 A3LxxJ 

ojx j2L CxliLxxj (_;>>« 3 1 g \ (j c. '-» 3 AxsLxal ClUslik i2lift 

4_Ui2L (jxa _j=2l jlaS 32j ^LuS Aiili=2l jAs& Lai .Ajl All ^>ia3 (JJJ^>x j) 
(Rushton disc uj^jj AiLujj jA JLa jU3l jLiij ^21 c3ilA3l 

jl2a2l ejlalii. Lai .(2.7 J233I) Ax^xll eiiljLill e3j ejlal2i3l j turbines) 
0.5 U jA=& (2.7 J233I) Laa^a. j^Vl (Hydrofoil) " JyA jj^l" ^2L3I 
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CLlUaSlI Jala. ^9 J5 uil <11x3 (jj£jj i(_ya_jall ^)la3 0.6 

CjI j (Mycelia broths) Aijia3 .Llui J czy^ ^'>*^1' ^k ^Vi,.i 

Clllj oJjia (Impeller) ASliaJ Igjli jl^- 0 bal .AjIIc. As. jjl 

• (2.7 JSLoll) Ajjaall ClUiU (Jla Alils 'ij3 J jjj£ ^>1=13 




ljIjAuJI Clilii (i_ ) u^j9 (jjujjj (i) :A*jLiJI cjliUaJI (j^axj :2.7 

.AjjaaJI A*3l.ill (j) t Jj j3 A3l&a. t AjAa 

^I.iVuliIj AilsaJI (jLLi Jc-lLall ^jLo (Sparged) jlill jA h 

^.'’a'u.'J . A3' qAll L^° ^tjls J» >^il 0^)la3 (j_jSLl (jjuilj) t_l _jkLa ^ 3l*\ L_1 _jjj! 

.ia3 -ial j 1—13J ^^ic. (_£jiaj i_J (JSLoiJ jit jjoili lilpJ 

V AiilAiJI 4£.^)xu (jls Auljjll jl Aljljjall LliLill ^'^•s“nul Aic. 

• IjiS 50 l _ g i c. ' g ^-s^. Jjjj ^ill (_yal _ja>Vl A9 j3j1I Sjj 3 120 ejlfr jjlajJ 
>2li (Microbial cultures) ajj^aII CjUIUSI £• Jj* aIU. U 

()lj>>ijLa (^ c " ^gjTlVl frljuiuilj udli j^a ^gltl Aa,W‘‘nn.all 

(Tip speed) (jaUJ a^s ac ju> V aj^^ 1=> J (Mycelia) 

111* . Aullill ^_3 Jla 6.7 ^ ((jljj-311 A C-j^i X 49 Uadi ^>Ia3 X7T t^l) aILJ o^A 
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dilc. jjm ^1, WumI aJL^. ^a diLjIaa LIiujjLg ^a jl jdal jl ^a j 

A^Loi-g ^1c« ^ jjoiLg jlx]l jjljjjuJ ^•g'S'nII (J.1*-g 3I^ Aj^JajoJI Ajj^lill Ac-^u 1 j)j . Jal 

* 

j)-G (JsJ jlill Jdt-G LS 2 ^ U' C ^ I'N J (jidll ^ ^jJa^adl ^JaL<JI 

^;Ld Ldc- AaliaJI j^*j) (Impeller flooding) Aali^JI j**. \ Ajjikmi a* All 

. ^ JUa (J^Lbiu i a*j j jj Lg-g ^jj£I I jlc. 

# # > 

A, iTkJajm.il Aj^lJI £-^)jai "^0^ ^ dill .IjjJ^j Llal^ld. S^^-gxaII Aalidll j)^£jj 

.0.05 m/s 6^lc. 



4 2 LgXJjui) 



. AjjjJaa '1 ^aLa^V I j A-jjj^dl 



Bubble coulumns 



Citeltfll SjupI 2.2.7 



SjIc- J_^-Gxil . dilc-lai]! j ^ j-G ^C’IA-g 3.7 <J5 *‘dl ^da^j 

j-G j^-g*JI Sjic-la dc- jl_*JI ^dii *8 ^1] 4 j^j Lg aaL^j Ajaijjj i Idl j) J-^ x J 

j-G Aj^.-n.-g l_j jSu dll j djl^dlj (J^ld j-G jl AAj-g ^jLL-a jl L_iijljl Jl/ld. 

s.lA/1 (J-gI _^c. j-G Ia^jc-j JaldSlj jj^s m^Vl Jlidl diLA-GC. jjld . jAx-GlI jl ^U.j3l 
(Jdlj (_£^)dl dlljd £dajJ ^a .( 311-^1 ^ajl j jliJI jlj^uo ^ 11 *Q j 

ad^ai-dl A_^. j-gj-gII (jjlSjJI j AjJj-gjJI j^.l^aJI j AjSjlgII A_AaVI ^iLaA-aJI (Jxg jl jdll 
.^L-VI ^■l^^a'-lil ^jjjVil j ^llt (Jaj]| (J-Ix-g jjmVi 

•0.1 m -ijjj jJadl ^Ij Lg (Jc-li-dl (J-gc. ^ jj-g*JI ^>Jaa ^ 

J^g di*a .(Axial mixer) ^jjp^ll JaLLll j mij ^ CjUI nu22l dJ j 

Jaill (jl Lg£ . ^jia^^JI _^)Iaa fijLlj £-g Jaldll AjLg,C> cjjjlx-G 3^ 

djj V . jlxll jjljjjoi (Jdt-G jl J jj dLaJI (^aa]l (Jdt-Gj (^ ^511 

^imi (Jj^iaall ^Iaj|^ 0.1 m/S dllc^liill fidGC-l ^3 Ajj.^ 111 (_£^x-aall Ac.^uill 
aA-gU-aII ^a ^l^adbojl^U JLij a-gj^Lg dilc.lai]l SjlgoI dAlc-li-G jij 

djUrti A^. (JaVI j^Vill lIiULgC. j)^ Ia^)JC« j ^ ^x^all C— fl^)j>^a\l s-Lg] Aj^i^JI 
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Airlift bioreactor 



Jl j$2) jfljll ££te>\i* 3.2.7 



t j,nl>A‘u jjiqhu Jl ^JI^JI JJI Jc-li-a ^3 ^jLall ^ >. n'qj 

^ja j* j& L&j i (Draft tube) JaLuj c_j jJ J (Baffle) Ja.L*. : LkJ ^ cili j 
^jll A qJa^'l ^ C.Jj .Ja£3 ^JJa mII A^l ^3 ^)^,l Jc- J jl *1 _JI ^jjoUJ -4.7 
jlill ^V‘n*n V Jill AalaLall ^ajg iJ (j^ 6 (Riser) -^C-L^alL Jxll l-£-i3 

J-aII j jUll IJ ialikj Jill AHaid! aj-o ja * 1 \ Ail!i£ll j! .(Downcomer) JjlilL 

Ji JULj JJ-ill AaJa-ba Axaj-ajdl Ail!i£ll <j-a (J ajtc. J1C.1 ^.all Afllaj-A 

AalaLa ^Jc>VI (jjftj * n jUJI ^LalLul J_J^)jal 

i^^LaJl Jaj . JjLill A.flJa,LQ ^3 (JLojVI _^»ij -^-L^all 
_^AC. i^J\T\AA LLi^.1 Jjlill J AC>1 xJl (jjL 

S-^C-lallj A_a 3]I ( J (j>>* 11 1 Ag >-a» 11 j2aJU^)J (jjL-aAla 

^Jc. (_Jjj-a^JI . A_i^. J AJa^judjl 

t^lLall Jl Jill (j-o ^ 1*^11 Jill 4\\ac~ ( J JliLa s-IjI 
JjUll Jl -IC-L-all ^jJa^)*AI JaLall A -\1 in a AjjoiJ <jls 

^3jll ca>Ic.IAa (jl . 4.3 j 1.8 (j^ uj^ u' c . j 

^3 Ic-^jjai (Jsl A_i^.J^JI AJa^jodVI (J^ An ( Jl^ll 
J£j1j (jjA Jill ^J-*-adlL AijlLa AjjlaklAI CjLqI^VhmVI 
(J£joi ^Jc. Lai AjI^IaII AJajjuajVl-3 . AjI^Ia Ala ^Jijl 

ojajoii-a Ajl j) Jai.nl (J£joi ( Jc> jl 4^^j-aLa JaLn L_l^ijl 

.(Split cylinder) 

Jl j^JI JJI dll A AjjJ^JI Clinic, li-dl Jiajj 
A j^kLuj J Vj tAijq^^ll CjIja^aIIj AjJLa AijUall ^1 JlikJjail AjJIxII lj^.li£j 
^-^)l JalJ (j-aL^. J^joU AjjoiLLc ^JI^JI JJI dLylc«lA-a ^jl LoJ .A-j_jliLa ^jJC.^ill 
(.** )\ \f ) jjJ ^jL^jll U^MI J ^JL 2 kJjq>J La LJlc. ^^3 t^j-^adl JJLlS AjaaLoL^JI 

.AjaJI A-jil jj^ll L^Lkll ^j-a Al^^aVLjg^ll A-ijV ^Jj^aJl 
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AjjljiaaJ (i_j) <u&U “UajaijS iaiu i—i^jji (i) jSjJI Cdc-lLa :4.7 JS2LJI 

Mja^iuVI ^Uaj (^)j tftjkuila 

Ajjj~vll <Lalaua3l ^^3 i J l a»~h>i.l ^jt ^Jl Cll2lc.lLa (jjj 4 till j 4jL^a] 

dll t dj' > : >i — >. \\ “Ujli]l 4_ilxpj| (jl.Jj.lll ^tijl LS^J Li'' <— Sja-oll f-Lal 

Jlull 1 LaiS £3^)11 Cj^lc-lsu ojJ3 (jj .A >>>3-s '.ail <a,jjlll dlj (jjiaVI 

jJiSI l^jl Lafl .(j^>i.VI ‘Lalaj'^M (j jJjulb (jdjj tJSVI ^^ic. j (jjl^pJI 

f.|jl -Ljjjj •dlc-UAll oiaE-l d2lc.lLa jpo ^jLall A jl j-all jjjLtJ ^ 4j]c.li 

(jljj-lll J.l*-aj jlill jjka. CS-“ L RJ (J*’'*'* 1 .' (_gjl_J£ll £9jll Cj2tc-lLa 

JjU! jljjJ J^«-a jtajj t 5_alc .JjLoii] ^jU]I (Circulation rate) 

oll& ; -.J.<u<Vi ^aJJ 4_ilc.j £Sj 4j_jjjl ^-UjjV ^^jujjjII jdJI £-a Ij-ljla 
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L3J^ gJ] J JXJ (JjLoJI ij\ C > 1h» (jl IaJ .Ajllc- AAL^. j L-buJ-U ClL^lc-laAll 
I^ja (Jjis jl L_jljij jl jj^ll (J.Axa (jlfi t. ^C-\ j JjUll jjj jlxll A_1 a£ 

$.UjI ^jIaII aA^\ jA JjUll g9 j ^aII jUJI gjU .JjUll g9 jU.ll 
^LcU-aj UU^.1 ^J^Jjojj . Jc-UaII A«a 3 L-l^ii ^C-L-all (jA IaJU JjUll AjU^)jaJ 
J jll aIUi* gi (Gas-liquid separator) JjLJI jUll ^Vjlc- c> : U1 ila 
CIjV jlc« jj .JjUll ^Jj jUll JU&I ^Aa jl J.tliull J^.1 (j- 0 J^UaII 

V g^ll Cjvlfi'lidlj AJ^)IAa £jIa!I J.jj^ j)A UjU ^jj C_JjujUa jLlj 4 AAkSlA 
g)ia^xj jl^)j.Ul AjLal»lil S^All S-^Uj jl . CljVjUll 6-^A Jja ^^1c« ^ jiVi 

. Cll V jUll &2 a j <■. ihm 1 jU^JI AALjaj 6 AajIAa 



Fluidised beds 



ilL*dl 4.2.7 



aIIxa 1 ** n i«s ^^ic. JajUu Cjvlc-lialS AjjaUa ^LaaII J j^aII l 1 l>Ic.IAa 
(Immobilised *±Lol\ CjUjjjVI Jl* ‘(Biocatalysts) ajj^I CjljliaJI gi 
jXjLdl jA ^ j^a Ja*i Luoj .aj^_^-a!I CjUjI^II CjUa> i j U^UJIj enzymes) 
jyi ^jlajl^ ^1 jaJI (Fluidise) aJUaV jl (jj.lxvl ^Jc-VI 3 ^-j 

j^£ g.1 uujAj dAc-lAil! Jjac« Jc«IAa 4-iujAi^J! A_i^Ull jA JoIAaII IAa Aajaj .(5.7 

Jsl (_£jJjaA ^Jj £jIa!1 A_i^2ajaill ^C.^)jaJl cJ^lsj J^l Cy* Lc-Laut ^Jj£l (_£^lxll g)^all 

jl jaII jlA ‘ ^UlUj . JjLuJI ^9 AAIxa A i\j^all jl ^aII £ UjV L-J^IUaII till j j)A 

X >>V 1 J^aC- Ajuail^ll Aqll ‘ iaII ^ L_bai^)jj L_fljja3 A llx^dl 

^xjLdl cJj-uaj cJc«liA]l A ^kjjjuj .(JiujVI g)-^d! 

a'I dj^l^-liA g^ dll^lxl! gjA ^>^.1 ^)juaj 

A i\j^> 11 CliLinaJ! CIajI^ Ijj . c < — ^xjIa — j)\£> ^a JLola ^a aJLuiaII 

^J^la ^jC. bdlij cLiC-llx-a t^j^j 6^l-l_3 L$ (j -0 ^ A-iii^. 

g)jjLalVI SjLaII V 'S^ jsl\ QA djl_j£ tJlilAll (JjjjuJ cJLaxIIxJ 

. A qjqA. \ 1 4 i\i ^i\ l 
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( J ) 



^ II JC’LLa : 5.7 

(j-o ^ \\^\\ Jii5! A j\^C> A-Jl-C- dj! i AdL-a j! j-g j (jj 

j|j*JI jl US .JjLVI j)JJ 4 j U II ‘ill 4 £.Jjoi]I ojljj (jjj^ia (jfr £jLa JJ l. lL.^> 
Ijisk 4-illc. jjSL jl V 4il!i£]l jSiij t^>a£l <3jg »>n i_boijjj <aj!iSJI a j>,oll 

. ^< jjSiu. (Fluidization) J.u,uull 4-iLoc. jli Vjj ^Ldl 4ilL<j 4jjlLa 

jl V] i(Quiescent) s^aU. aIIuuJI j j$-dl CjUx-LLa j^SL La zAc. 

(JLa. ^ <( *jLa]l 4^^>a. L_jl ^jlaj-ial Aja j*\la ajLlj (_£jjj jddl 

A iL^ill j j^J! iLM 4 i jr \ 1— i jl 4 j-v L , Jl 4x. j . . 11 jli (Ijuii'i 4 a CjI ^1,'i-s"u>iI 
(>j j)l (_ 5 1 iojjj£ 4c.jjau (JclLall £jLa]l tiljj ^Jl (j-ijJ L<ua l-ia. 4_Jlc. j_jSL J3 
Jjjjj oLa ^ <_±aj .(Jc-laill i_al£ JJC. j j*j > >1 £jLd!j (. _ iL,o\l (jjj (jjLaill 

jl II £»a 1 al A ^_-o£l jj (JL^ajl j*a j Cj jLu-sa] £jLall (RcCydc) 

4-jj)U-).all £jLaIl A j-s Lmill 4£.Jjoi]I (_£ I tjjjjoull 4 £.jjuj jl .(BlOCatalySt) (_g jj*sll 
l(jj_j& oJC- 4-SLaJll ®La ^9 . Wlaj t4_iuijl&]l “UliJI j^a 4 lL«-ill JsI_ja]I (_gjl«M 

. £jLall 4 j»,j jl j djl 1 J_l*dl ^)la9j jl ^Lajl jjj 4^ljfLll i aLLi^.1 1 g 'l .a > j-a 
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Packed beds 



S 5.2.7 



A ilwa dllin^. <_ja (J^£a (Bed) ^ja^-aII Og a' 1 (Jc-LLa 

^£1 jl ^Jajai (_£ j>.j^JI .^6.7 UaL^A j 

Ia^Ia j! 1 ffu (Porous) LjaLaa Ia^Ia j a ^jjjLaVI S^IaII 

Aj^jaJ^j CjLm^k (jc. bj)\jc- ^.aII A ^I^aII (j^£j .iS .^^aLaa ^jjc. LajL^ja 

4 4jjI«1xJI jI^aI! (_£ jP'SfcJ c^jIa (_£ jjaj .5-J^Lk-a ^jj£I jIja jl J^aa x^ill <djlS 

(Restricted jliaJI >■ ~~ i\ 1 ^jSjJ ~lg .all _)JC. o^yiluu i »jjj„o i 

,*-jLail £-a lg^.jla ^ill ^j-all ^-jljjll j 4 nJ-ig Vl -JIjaII jjaJiij .biOCatalySt) 
jl ^^ic-Vl ^l £jLall (Flow) jlgjjoi oLajl jjSg . (JftlLall ^jliw ^1 3*J Lag3 
jlgjj-i jlS 131 Lai . ^jLlill jA AjjjLaJI jjjLb (JiuiL/l ja-j jLljjaill jSlj * 1 

toJl.W.a VlaJI ojlA (j jxoqll •Lc.jjaJI jjfjjj jl i _ 1-sg^ t Jig-all ^^lc.1 oLauL ^jLall 

(Minimum fluidization Jwill Luoll Lcj-J jjUn V jl s-^j 



jxi tJjjE. aJlaJ Jig-all (_j-aE. Jl-la-i . Jg-uj ( Sjj-i A aaflj -ig-all jl3 L/Jj Velocity) 

jg*-a ^^j-ll -la- (j-ll “La-laJI j Jala— sajLM ^^Jc. ^ V-V' JIjaII “VlLliSj 43LiSil 1 g ’l a » 
jig jj-21 (J Jla-a j . , 1 g -all (J-alSJ! (_ 3 -aat.ll jL lia. j ]~N mSV I (JlLa 4-ag-all “Llil Jlatll Jil j-all 
(Void Volume) £jLaJa ^Ij 4..u.>illlj .Jai— Jallj jg*-a (jJaliijl -lie. i_J jl)->.a\l 

(Jjla-a jlj (jig-all ^3 4_ll— all jlj-ill j^ ^^JLaJI ^•s ~s II (JLaJ (jLlI (J-a^ll (jl) (jJ*- 1 ' 
(Jj jj ^—a . Jig-all ( 3 -aC -I j LaiS (j-aSLlll -Jg-all jgC- ‘LjjLladLl j3iall (jlj_)j-JI 
AgjJajVI 3lj-all U^- tlllj3i-all jg^JJ (J^i^l V\) -Jg-all _)JC. £jLall 



■LjL'« eib-ul j-ia-all jig-all 5lu jli <gl& j .lillji JLU. (Biproducts) ^yl jil' j 
jLLk j-a 3g-aJ (_j-aC. (J_jJa ^-lc- j-lS jil'u 1 aLLl^-L/ 1 j-a JglVJI jlS-aL/Ll “Ol L/l 



jlS I LI (^, U> J j-Jgfrl' LS^ C-^"^ ^ -5"^ U^g iJ-J*-o ®-jlgj 

•p jLij.LI jlj JalaJI op.lj_) 1 . 1,’-.',’ j .OH jl H 11 1 ~n'Vm ji ISlg’im^ (Jcliill 

. llljsli LLiaJL— a jjSLl o3c.l3 jl (jJa^a. ^iL-al (JllLi. jx ^^jga.jjilgJI ^3_>ll ^^Jc- 

JgSI (jljjj-i —iJ ijjlc g-auij jggS ^L-a -s (j-lc- (jjlV 1 ( _^Iill 3 Jg-all jj 

(*^1 ojLjjj jj-aSllij (jga-a Jlg-a ^^3 (jjgaJI jlaaJI jg£j!i jl VJ ijsAjgC. 
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. Jl , ;-.\l 

lil& .lAaiiAxs oj^All ^lajl jjc. -la' All 131 VJ Ag -all )■»» ».nj —2 j)li 

- „1 . Jl >>)ll J J*-' -Ja j* , .31 ^a I (jl^udl y J \ j 

(Immobilised SAdu aaLoj J AAlltlLaS, y& JILli ajaa-all j j$-<d! 
jll AAllelidl J L^aj.^i-s J^vn.Mi 3 Ja=>. CL^ftlidl si* jl .enzyme) 



dal » >.h llU “djU " __)&=-aii aAlludl A iLAI aI jxdlj a_jdi=dl aaiI£ 



IaI 



Ag .all J~s Axdl Ale. <jAaik-udl 4_a_id! j^a tjjldl jj£l J ■ ql'A'i . Jjldl A L> > J jj Ja_sjj 

(jA=^)»"n > .i (j JJ*’.!' jla=dl ^ya dais l«._j=. (jj^ Ia^Jj 4 ^ j S A Ale. <dl*dl <Ajail ^Jj 



. Jjldl (jxs 4_dlc. Lil/'n AjljJLui^ Jl 



Photobioreactors Jjjail e£tel Ldl 6 . 2.7 

J j^Aall jIVill ^ jl s-djijV Jjjilnll Alille. LLdl ^.'i-s~'u>n 

Jia Al_^a JdJ bji£j yjdl j i_dL=J=di (Photosynthetic culture) 

^ J > i_ilku .(/? - carotene) <jjj >jjl£ - IJj (Astaxanthin) jjl jtU 

as.LAa'lM (jl .<jc.lilax-al aaljAal jl (JxiajoiII «._j*Aa A_j=.j Jj.l-dl (jjlVlII 
^jla. JijjAail AllUc-lLdl ^1 AVI til (jl jAjjj ‘“Ale UldlSdl <dl& Jc-lidaj-aVI 



f.’iVn.n .(Large scale prod) JtAI <Jdj)M aaVA J ids a&I j jiA-dl 
tyjjg-sx'll tJAl.li «.LajV Idle. (Open ponds) <=. jdudl Jl jxJI j dljl 

<C.jJs c-ldijl ( JI <a.ladl Ale. . -s t.nll i 3j..nll eja Allblalt-a ^^3 (j^rsVljj 

<sli»a d_jj jxAa AllUc. Ha (JLalu.nl M^ii (MonO Septic) ^t-aadl <jaI=J 

Jl j.Al t . 1 jjil A_iLaO (jlj tg. jt-nll ^Jj J'lVi AllblelLtdl aAA j)l LaJj . Jxil^Jlj 

jjUii V tL^jxic.j .Lnxxj <k_Aa (jUc.1 saIc. dAAad (Photosynthesis) 
L ; mil ^Jl (jAjj SAjAxUI os.L-aal/1 (jl Ldc. .0.15 m i— lilaJail tdjJ (_jx iC- 



la IaI jxAail s^jiil jA*-a aIajj <11=. j 4 (Photoinhibition) 

(JjLAajil (_la*-J 4<c J>il ^_3 LUkil AAc. AljAjL j . LliL of-lAaVI oAjoi Aid jl^.1 
Jj I g'l-sl % Jc- Ojllc. .C. J.>|\I LaJI AjA^j Jc- t<C.jjxdl J llHidl Jlidl 



jAj-£=^ Jl ^li=Al Jjjj.ln'l c_u5ijil A il> \ j»Jj jdl i_dl=Adl LLl=. jli «._jjA=1I 

.(j_JjJil Ann5jl jl J 4 - oAIc. 4(j_JjJ 
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Cll2le.lLail 

_jl j-a]t *UjV ^. v 'V'u.i'] tAilixll 

(j-Q i 0 -A^J! 4 j jL ^.1 
^A J L )- 0 A^LLoJI 

l q A.-r^'i . <. ali_oj c* 11 uj^Lj -j-o tLc.jjjai jii£V I 

tp 3-^c. l_ijjj jl (JSjou Loj c_njljVI 

C 5 ^ ^jJaj -0 jA La£j lI^-^ 

.7.7 J£i!l 



. j ■ "' ^ a ^ (J&LL. :6.7 (J^Luil 




AjjjjjS 4iajJijS (S) (monoculture) AjjUVI £j>»U <jj>a l$W* <>'-i« : 7.7 



• OJJxlo Ajjljia uuUi (j^a Afr j ■ i t~i a Aj^uaJu A 1j5j ■ a 4 (uj) . aj^al uia 

(i_j) j (!) ^)_ , " 1 V < ‘ (jiaJ a ail £ jl]| ALLuij (j)j Lujjl^ Aijiia Ajjjjj! AiajJiji (^) 

.<jij}U j!j-> ji jJ>aC- JSJu Uajjj ai 
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L_l^jjl jl tAjajjaijl (J£jui ( J&j .A^lj L_i^ijl (JLa*Iiuil jfLaJ La£ 

^ I Jl J^Viml jSuu t—LuljVI ^Jj . Jj^aC. 4jl j J-i > til (J jga i S Jl>a 

J t_UjlAM < S J . -n .'"l . e^)J» t Al CllLiLaC- ^^3 -fljLa jl A ~s btti.a 4ii3j 

j\j*\ Jj .Jcliall <J (Solar receiver) Jja^»]l JjSIu^I JJVI 



ojlj all! ~s • Vi XI ^yajJaii: . A q|'i-s a jjjl Ja JlVuAj Jj jt.hll t Jiq"nu.all (J2Lii. 4£.^)Ja]l 

(Positive _JI JiUA'I c A^jn* , J (Centrifugal) 

J ‘(Airchimedean screws) ajljll jl t displacement) 

s jy^ (J' _$JI J Jl £>\y* .(Airlift devices) <JI _$JI J Jl JC . j 

t—ajjsll t"iVi I g f i jSu (Jjolij iA lA'Ki-a gl jj (J 0 <-S J^j V LS^J sJja. 



(j^>3ll AaLaxl 4-ml >n*t J Jo Jb (_£ jn’i ^j]l CjlaJalill -VaALo t4..a3*..all 

.(Shear sensitive) 

jjSij (jl t i Jijt Al jJjjuball Ci. J J t_i_jgjl ^3 £jLall jUjjui jl 

j* IAUJI <Sj^. Jj^jIujI Jb ocliaLj .JJ a_il£ J1.J (Turbulent) Lj A ;- ^ 
. jJjiJI jpo LjJ JSI jjj Jill j£LoVI (Jl g. j.^ill j c. a.n» ;ll ^ II gl jaAl 
l. llfin t Lda-aj . lAliJI l-jjjoijj 5ilS $.L^jVI JS ^i jjSj j! 

(jl LaJ .A-IjIj J JA* 0.5 — 0.3 ALijjoi-al! L-IijUI Alilxkll Ac.^)jail! jjjSj J 

£ jlj j A\\aC* jla i ^jjiajoiII Aju joV AjjoiLLq Ajilij ^-Ic- Jali^JI A^l^. cilLlA 

tLo j-<xC- .6^jla3 fiJiLlj ^aJJ (jl j)S-aJ V ^Jj>x^a.ll (JjiluiAll L_J^ljl ^^9 Ss-LtJaV! 

aJjSII AiliS ^Ic. ^ jj-^all ilij aa!*jj i^-uj 6 ^c- cjj^jVI Jjjj V (jl ^ 



x^a bol J c Cjlx-Ix^all J t Aj^J^II 



.Ij^Lkll c> JULl! ^ jjll ^ jJI 

Bioreactor design features J^UaII A j a j a ^H CjlLuall 3,7 

A-alc. djlsj-aJ (jl Ajli t (J-ojcLoiaII (Jc-lL<Jl (JSjuj j)C« ^>2a-iil (jiaij 

.8.7 (JSjojJIj A x Jaj^Q Ajjolij_j 1I djllx-sall j)-o 1 a^i» ) (jl . A \)x -a 
^(pH) ^ n> j j^JI ^i^>SI CjLouxi^IIa] A-ujIa. lillo j Lij^ Aj^. 1 ^. j aiilij Jc-lLJI 
(Jx^aflSI dll jS ^jlajl^ LljJ CljLAIaJ^S 4L_jljL<JI (jj^jaiSVI jjS^pj to J j^JI VatjJ j 
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(Retractable) aIjIS caLa^a* ^ja La IJlc. .(jjil*JI Jx^aAll 

ij.U3£ (Vessel) c-lc- jll Jjjjj .^a-o^aI! aA^c. ^IaaI l^Jl <j£-oA 



i (^ lAflk ^3^)11 C5^ fi^aAjuoll) S.AC'Lil! j A^LjaV CA^Lli-ajAJ 

^ja sjIc. Cj^j^ jaII ojiA £<£ .(Inoculation) ^AailSI aaLoxJj <Sjc. jll <*aLo]I 
■ jl ^jIa L&* CaI^I*!! (j-o 6^)AC-j g.l^JI Lai . Jc-li-all g-lc-j ^3 (JaLuJI (_£ jAjuo-c 

(j-a L-iLjaA l^jli \l> jj^Jl ^3^)11 j^ic. Lljj-aVI J 



djbt^aij djlilikll c-njjaS ^jja LaS jll o^olS c_jj5 ^Sa (Sparger) A_*ij-o 

.^L^aIIa A. < oS». < a j! SJ^)La A-ifLijl^A-a 

^H^a lg _£] j tXix^A ja^S/I (Double seals) CjbljjJI 

CaI^I-IuiII (jp. g. Li *A uj V 1 <j£-oA . A.fl.ilaA j S«^jL ^)L^a ClllsA^-a aI^^AjjAa >1n AaLoC. 

^-o-uja -LaJI CajI£ lij cl jmjlV'i* <a iaAA^jA djlSLik JLaxAxd aJL^. ^3 A_^. jj^a]l 

.^ix-all g.l^JI <j-a ^)>sAxu-a J)jg Vi Jl j AajI jA ^j^Vill CaIaLoC. a (j! . c*ULj 

J)g ^ LaA^l£ ^j_^Aj £-1 Jl c . n.iLLj J..>.*af ojlc. J jJ ^)-a^-a]l (jls Aa1c.j 

aaLJI ^.iViuii La Ulx. j . jLkJL 1 $ <a mp (j^-aA (Gas filters) jl£ . '' ^ .'. JXJ 
(Hydrophobic membrane catridge «.IA3 . jllll £• jill jx CALic. ciUAjx 
Lxj^. ^JLj ^jill C1I 'yl \.aa eiil->.j.'ii j )AI jx ^ yll 1 1 a jj£L "filter) 

£4jjVI jl ciiljjjaxll jli . jIxjjIjIx 0.1 jl IjjxjjSjIx 0.45 
La Idle. .^jliJIj (J^IAI (j-a <JI jiao ciUjUIIj (Spores) 

t Jl jdl l ^ s lc. Ajj jx 7 c-i jx (Cartridges) ^jiijJa ^jlc. jUJI ^ jCax c^jiAj 

^jjlxxl 4 -a n'l ^jjSjjj 11 a .^llgxll -^_J~jx]I Cllx^. ^gjc. jil Cl jja jldl ijx*j ella^a 

CuLjxjSII A jxll ^IjiHaol o_x^.jjj Igxlc. o^Jajxui] t(Foam) i jc-j (3^4lj ajj^iII 
.(Mechanical foam breaker) CAillAI s jc. jll diUj^x j s jijll sjLjaxll 



Cllixjlll A jxll J (j jkj La .lie. IaJl^.j ^xlxjUixll SjC. jll ClU ji-a ^illaoJ 
(Jlaol ClllxlxC. ^a jJajLuj djxll a La Clil£ 111 jl t(Jjalx JJC- ojCjll SjLxaxll 

j oAxleVI CLaol jj Jaxiill ciLAxe Jla (Downstream processes) cS^AI 
Cc-Jaall ( _ s dL*Jl ^ jKiAl 0 jC. jll J>X L 1'.^ 0 ail*" 1 1.1.115 .Llll JC- jjlx JjHI 

. Ca. jAjx AjiljlSjX a!5aol alldiao al.W'.L'l \ 
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-1^. ^lc.1 UjjJ (.** ) t jjl j^V I ^3 ^_]ol_La]l ^xu*oj 

^j]| ^ j .(kpa) JHujLjjLS 412-377 ^ j'j^ l$ 3I (j-a ^^Ajaua 

(JclLall (_p3j^. (jl VJ 121 C ( _ 5 ifr sjlc. Jjjj V p 19»MI (jl (j-a 

. 150 — 180 C (jJJ ^jIjjj ( _ s -ic-l ojlj^. J o-sll ojle 

<jlj VJj iJxlSJI ^1 jail i_J»a^j t ^jjls (j^jfLi l “ n ^ J La£ 

^I.^VuAj 4jl£-a ^3 _^Aj (j£-aj • A j\x>c. -IxJ 

(_3l-S-dl 3j jj * 3^ ^ * AjjLS 212 (_£jLoiJ ^jjl ^lla-o Jai-k-saJj C — fljlaj ^Jjaui 
jaiidl Ij ^-ajoia La (JLajtllujI (J^Lk (j-a til] j j t ^JlxJI JaxjJall AjJa A-jl a*\\ 

^LaS 3 ^Sj ^31 (Rupture disc) 
I JA j)j^\ II (Jc-li-dl 

ClnSl^jaJI SjL a (j-a j->flLaSI 

ujSj V <uV s^lc. (Graphite) 

<jl (j^3 (j-a ft^)JXj-a Lj3j _$! U^iLo) 

(_£^kl Clil^^ cilliA . 1 g i pl^Vn 
elc. jll <UjJj3I a. ~\ jL^ll ^3 *oJ 
JaLuo jVI AiLjaV dj\-2kj3 JlLa 

(JL^jV t CliLpi-aJI j 4_iC.^j]l 

l_lL 5 Jia) (Sensors) CjL^ViJ 

JLa) <_£ ja>VI ft Jfr^VI J (ftj^ jll 
. f JaxjJaSI /jjjLiLo 



( <3^,131 ClAjj^ll j)-a j£-a-a 31 ^5^ 3*^-^ O^J^ 1 L^JP^J (jl c . 1>J 

(Jc-lLall ^/<i»Ml j c QjlVnll $.l^)aJ 4-^,L3l (j-i*-J JL^.Ij (jl i _ vnjj 

j*8 <a J ^lill ClAjK<a\l j L_J j)J~S II (j-a LilL^. (_)-a^^Jl 

cdll 3 ^ (J^>* j ^jxu>^n*i ^3 aLiijVI (jl *1^j 3 ^.aVn (jl 4 _Jj^all ^IjxJI j ^IjJ^dl 

.1^, I aq a (jj^j (Gasket) ciu£jl£]l ^j^Lkl JIl® cAj^jIj jiL 33 




.(J^A J-44 ^jia-4 31^ : 8.7 Jluiil 
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lilpJ tL 'ijhv'ill A \g >11 A iK’k dilila. dllj 

A - \ ,, r. ^l.'iVnul La j 4(JjJaaj La£ . LbujLai! Cli! a Lis (JLa ^L-Vu.i' 

jliall CjLLj-ajJ ^auP (jl i_ia>Jj . t_njLjVI ^J.a'S (Ja-aj (J^- 4C -I ^ JaJjJI <j-« 

.A . j <LuJ j >-a]l l-idUvi j j j^Ji C5^ a^ai j^ji 4-j <L ci£ii A^.\jy[j 
4^ iK") A^aC.U dil^LlaJl AiUaL (jl 4_±^J (Jc-lLall ^^.jL^JI ^Lxui3l 

. 4ij> jui^ A^Jra)*^ dil jj^)J 

L_i>liJI ^ k s-i\ (. A-^aLkJI CIjI^ILlIaII l_jIjc. ^3 . <ail*L<a JISuoiIj <■ *d»j 

j-o AJLk A_i^.L^.j L_fll_i]| (j-® j_^A JjlxJ L_fl^LsJI ^ 3*1 ar J . (jia _^JI djlij-alj-o (jjdib 

J jjj .8.7 (J^*Vi\Ij ^LjJaj-a ^A Ia^j ja!lJ (JaI^IIj A-3al a j_^£j C5^ 

L_lijljVI jl 4_SL>lx3l ^Ac. jLol (J^-k j-a ^llsdl In* v>>\! -LJa AjI a~\) lJlAjlII 

Ax-lix-a A U^aII ejLdl l-L-all (JjUII ^)JC. iV jfl3l SjIa j.ux.) ,Aj AJau^ftll 



jA Sjlc- (Jc.IAa 1I (jia . L-— a\ qnlnMI j>a ^alaxll A-nltii] Ajjj^dl 4 JLl>Lc»1‘La]I 
jA 3V jflll (JaxILjJJ jj^. ^9 4316 L (j -0 I-Ia-^B (3jIHI ^)JC. jflll SjLa 

^jlajuAl j JjlxJI ji£j l_1I^JlSI Ax-ljj-a ^9 cU-oj JbI jAj 4^304 L jl) 304 

L CLAjs*^ .£jLdl _jjx>Vi\I Jajai j ^JjjjLia (JL-ajl IgJ (Jjj2 (_£^)^VI 

aij^ jjj£j j-o (JISj Iaa %0.03 j* (JSI ^Ac. l-i^all (JjUII jjc. 11 

JStsSI aJLu^I (> JlLj c^U3]| ajLc. <^UjI (Chromium Carbide) ^jj^l 
jl AjklJ £.1 j^-VI ^5lj-o ^Jl AjouIU LqI .ll^V ^L^-lll a qlv^ 



^gikUl ^JajuJI ^ U/i'll JLiik. (J£joU *n ^ 



Specific design consideration Cj jUI^I 4.7 

4_J-qVI cJjl 4L_1^J ,6.V4«rfQ AjxjJ.VlA A_ iLoC. ^A Jc«LLq jj 

I^LqJC-I 4 ( 2.7 fijiill 4_J jlLa-dl jAaJI (Jc-lLoll ^g-ujLujVI Jidl 



(J jiJ^a.^.Ilj Ajc. jll 4 Jliftll (Jj um ^ ^ . A_j^ila-dl Ajl^.C- djlj.Ural.^ A3 ^)*-q 

aJjVI Aij] j!lll jl^ 4fijjA3u A^.^) j-<a ^jl ^A j^-^ ^ ic. 

^jl j^JI ^ijJI Cli!>lc.lLa J dAc-Uill SAaoI Cjilc.lLa ^^A (j^a^)iJI li^J A-lujlldl 

Jajuj^ll jUjjua Jja (_^^)^l JaI^C« cilLiA ^aJ .Ja^3 Ajj>q^k^ll (jial^^Vlj 
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^Jc. <c.j 2 - 2 I LuuoiVj t (Rheology) ^ 2-21 <^c*j jil 

(OD) (j 1 ciAjlla^j 4 A.jjj^ajV 1 ^liij J.i*-aj (Shear) (^a 2 l 

c ^ V*nrt (J2 ^21 aJIA .ojji.^ 4_2 ^aV dll^iS (J^aVi ^Ic. 12^-2! VlLlSj 

4 L-jjU^H J£joJ! jLlk! Axj . c-jj|\J^^\l ^^j? 21 2c.la2l 4_ic.^j ^Lii2 j .11 w‘i 

icillij 44jjg2l djLiUVu j J^i2l Sj2i Ajjai^iA J2Lvi 2^2 <». v>j 
.((j 22 l (j-i 2 k.jbu£V 1 ^Jj 3221 lllLljJaba jj3j2 — 1 

2_j21 J^jLa ^jjojL^J ^ic. J^A-a2l *»*’ IJ'N } J22I a -La J^jkj S-I^^U — 2 

2 c.la 2 ! L_uli]l JUI^V I J 32.21 

^^Ac. 3 jjj 2 I a Y&W ^^Ac. Jal \I 2 j^) 2 II (_$ j!Lulq ^^Ac. j j)A^a 21 — 3 

(jia jVI CljLiLaC. (jC. 6 2 jl2l dj^2l S-ll^V J £Jll2l ^^3 (jLt-a J^AA) 

l-li-Lo) ciL^^lill V (jl ^Ac. U^-J *(1.4.7 (J-^21 ^)Aajl^ (3*2' J 

. (_£ Jj2! jUaJU jl jjJaV I 3_*. j 2 

^j.\r\.j,j&^ 1 (J^j ^^Ac. (_^^,.) 2 I 2 c-lA 2 l AjLILo JA-a 4(_£^}^.V! (J-al^ 2 l (jj 

1 ^ AAvn 4 6^1^)21 i^ya ^yalVill 4 _iLIS j 4 ^ ^ djV^*--aj 4Aa\21 o-La -li-l^jj 

liA ^ji^llLajj .3 jj.i 21 Clinic. IA2I (JlS-ujl ^j-a 4qj*i^2l ^4 j22 <allVa LjjJLuJ £^IjjI 

^ (jj^ag .a (Jj2-alx£ Ja£3 (Ja 2I ^ ^ dlV«A*-a ^)j.l£jj 6^)1 ^)2I (j2Vt.ll jjJa ^-a 

. (j-alAAl ^3 jqfl! IUjjA ^jj^uaiSV I Jlilijl Lai . ^lAA-alill 

Heat transfer c$ Jj2l <JI2I 1.4.7 

15-3 

^ic. U-a^AAa^. 4121c. 6^1^21 46^)1^21 t> 



2 j-a ^Ia^iLaiI .lie. <21i£ j 4^iljSil ^121 j^ba, Vi.il CjVI-^ pl2l <c. jjudj Ajj;i2l <ii2l 

^2jj 2 a*-c ^jl -Viijl *^1 4 Jjjllil2lj J^)»\)g I' J2a 4 ^j^j^)S2 

* o * s 

g"nn l Ji«-o (j-o %12 jA kj/lTl /s — J Ijjjota^o ^ j . ^ij VI 

^ ojl j^JSI (j-a (J^aiijlt ^ H^il j .mmol/lTi /S — J I JJ3«-a qi-s >> i^ VI 

3 c « 

5 kw/m ( 3 ^ a 2 jj iJaj(-o LolS <jji» j!l£i o j... 1 ^^ ^j-ial \ 

5 3 j-s Ja*_« JjIIj La jAj 4 (5 kj/m 3 /s ( 3 I) 
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u 4 s J jaJ' <^J .(43 mmol/m 3 /s^') kg/m 3 /h 

Alla. .15 kj/m 3 /s Sjlja. j jll 4^^ ^V' 

4>jTi Ala.! .ill AsUall jli t(Air driven) *1 j^l L AliuLall Cit 

(. ^ I'NJ 4_ilc«j .6^)1^)^. (J£joi (_5-^ ^AJJJ C—A^joj (JLoJtllujV 



,<c, s uJLl I 1 ySa / jl , jSLaJ . Jill 






JtfSttl (Jjjj (Jaill jli t 4_iLac. 

Aa.l».u.n]l (jV cdllij t Ajjj*dl CAlelial! ^3 all l _A«l*JI ■ - (jj-s »>i51Al 

Aa.j.i ^^Ic. ajlijmll ^11 ^-s ~s ojljjj (JSj JjjjjII A -s!"i.all A i-\ Anil 

4_ia.jlaJ! Aiic-Vl (JIAa. (j» .Ij^jiillj (j A m3 11 i"iljl.ac. A l-t > 3 jj ojljaJ! 

Aulii _)a.l ja. kaL-ial tlc-jjji Jal Aaj.ijj tljLia.1 i. iU->3; .(Coils) CAj jl-s .all j 

jjfljj (JaV ja \ .all (_pa ja (Jala Ajjl^>a dA-ilao j' t jlij L_liAj! jl t(jlj.iall 



.£_£j!jall Jaill Ai3l£ 4_iaJaui A -yl m .a 




a La olajL £jLall <j-a tJUjiilt 4_}LaC. JLla tojl^jall ijj j joij 

i^a (jAVlII (J.}*-a .,Wl».j .(9.7 tJ5 .'.'ill ^lajl) .ll^jiill ._j jW ,a jl i sLlill ^^3 
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(AH) 4 -ia 3 =u 2 l A -s' mxill ^ 1 & (Qj_[) 

ll^jj 4 (AT) 4 s- jl i s 5 tH.I Ja-njILo 

Qh = U h A h AT 1.7 



(JaIx-o ^Jc- Uj_[ (JaIjla -idu . ^^l^ll (_£^)l^)^Jl L&" U{-[ Ji-aJ 

. ^j-latAll ^)l»laJI C- £jloll (_£^)I^)^JI Jiill 

(j-a C(_)aI S- lxJ ^jLuaxJI (_£^)I^)^JI (j£iJI (JaIaa ^jjIjj 



.£jIa!I j AiljS — 

ajuoJIj ^^i^^ii (Jj > — 
jl <1^.1 -ill 6 ^iill 6 (J!Lq^ c^L^ViW (_^^>^VI (jj^ULal! ) jl ^jLj^)jaill as^^am ~ 

-(& •• . ^jliJl (jLl^JJol (J-lJlA 



. ^jj^JI (Jc^IAaII A ai]X)& 



j|-ic.| J£jua ^^ic. (_£jl^)^-]l Jiill Jjjp <^ll S-ll-l*jl Clll ^jLillAll ^JaV *1 (j^AJ 

da jj 4 -Jji Ja-V Aliia (Dimentionless numbers) iI*jVi 4 -<ui& 

jiillj 4ii3lc. l$J £-iAa-all (jl jjjllll el ili (J-qI_j*JI <iUj 

:4j]Ij]| (tlL^ilill 4 (J!l«) (JALall £jL<JI a jAAiii j 



Nu (Nusselt number) = 



Pr (Prandtl number) 
JjjAjIjj lie 



total heat transfer 



M 



Grashof numbe 
L-ajMitjc. lie 



conductive heat transfer kr 


2.7 


momentum diffusivity C p /x L 


3.7 


thermal diffusivity K T 


inertial force piU^d 




viscous force (j , l 


4.7 


gravitation force d^g 




viscous force A Tfifil 


5.7 



j! 44_Jjjj^M jlaS (JlLa) JJaaII 4 CIALoIxaII ai& ^g3 4(1 (JlLaJ 

^i]l 4 q7~s A (J>s!_j*Al 4 j Uh'iII 4_iaAV 1 4llxlVI A. a.\ ,1c- -n all olA jg W i • ((3' All 
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jjiUI jc. (Nusselt number) ^ j a^ U j .a_u*a aJU> ^ Jjjj 

Lcl .Ja^3 (J-k-a jjIIj dilSijl cilia U^J (JiuU A_i±uii5l 

(j-a L^jU l^_ia <^1111 daVL^JI i*JzjjZi\jL 

a^.1 jjj ^ j«iil! Ala^l jj diil jj jS x^q'i uj^ ^ cr^ cAiliiSJI 

^jL<JI a£^^. c_L-aj ^ ^ Wn . ^L_Aj-uil^)c. ATB 

.jSLjJI ja (JliijVI 1^3 (jj^j ^lil! CjVL^JI 

(Fouling flims) cA^j^l ajJ^VI vojIIa c_jjo^ <^11 j] 

JjI jjoi A-lui^.1 j ( <—l\ nj*s\l ^Ic. J AdL^all (jl J-laJI ^ic. L_balJJJ ^Lal jlJ 
AjjjjLaa]! djUDlsJl .^L-al S^)3 j2a!I CjLAaxJI A m.ViA (. . i7s ^3 ja Vi\l j 

Jax. jll jl ^jld! ki^i (h 0 ) (Heat transfer coefficient) jaJI Jitfl lW-*a 

.1.7 ^3 v-aVlo Ajjj^kll a_91iVa]I (JI£joiVI ^ ^jIaI 

Va^Vuha'I A3 (J j.laJI ^3 Aa_»Ja i^aJ! q\ iaaV 

djl5^L*JI Vi .(Tip speed) Allivll ^ i^Jsa ax.^^ a li ml a3^>*_a]I 

Ju^i Jill a_iLIs as^jla ^J] cCIjVL^-51 o^** ) ^ 1.7 ^3 A-a^-idl 

(Jiill (JaIxa A_aj3 (JJaViI ^jjSI Jajaj (Cp) Aj-aj-aViAl Ajjl^aJI AjljoJ! j (kj) 

^3 Lg.A.i3 <ja (JaI^aI! a3A ^»j 3 c_J^)jaj aAjLuiII A_iC-^)^ll JaLuj j$\ ^Jaa.A ^3j 

t£A g. L Jti ar-13 <_£^)l^)aJI (J^ll (JaIaa jljjj Lo j-^C. j .pLdl 

. L_jl ^)JajJaV I S jlj^j — 

. ^jlj^)jal]l 0 — 

dj3 S^Ljj — 

!^-q J-alji-dl A-<u3 (j-aSLlL (j^ ^_^3 

.^jLdl ^C. ■^ ajal — 

^jC« ^gjtjajdl ^jl j-JI (Jill! J-qIx-q ^^3 ^ Jc-LLdl A a^.ViA 
JjLaJI JIa A^IVIaII ^jjjJjlLdl jl L_jl _^JajJaV I ^3 ^)jjti5l 
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V (J-aLt-oll jli &Aac3 ^a Lai . ^^jI ^gJI ^a^ll (j^al^^l C5^ 

fiA«ac3 ^ c^Ua^j .0.1 lH ^Jl_^ C5^ A^axJI _jlaa ^»Ia La A^aJtll ^Ac« 
SaLi^j ho *Laja aIaJjj t jlil! <j-a ^li*JI ^jLall ^lijjL jjLj V ho *Laja tdjlc-Uill 
.Lj^sj 0.1 m/s a^ ^Jj Ja&a ^j£l j 6 <L^Ia1I & j£]I jl 4_i^JajJI Jjtll <c.^)jai 

(_£^)l^)^. (J-aLt-a ^jS ^ ji^.all (jAal j^VI J djLc«llill SAaC«I (jli ALa ^ic« 6j^-C- 

. AJjLaLa A <LklA d j3 ^Ia^IujI aJL^. ^ A^LLlLq 
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.aIiIs £3j31 CjMcUa JAj3l ^jc. &^)Aj2a3I CjLa ^Ix-aI! ^jl 

Jj.laJIJ CjIcUA]! 6 -IaC.I £a fhVnaMI Cj^_Ja ^li3! Cj VMxaII ^L) VumI ^j£aj (j^3 J 

^jj£j Lajuc. ^ijll hg (»jA3 jj-Uj cs-^ cl3jj (1.7 

(JaIxa3I 4_aj3 (jj£a cjl (j£-aj c<_£^k! c " ^‘3 ^jlAaJI £jLa 3I ^jJjCj CjV-^xa 

G-IaC-I CjMcUa ^3 <j!c. La-o (jjj^)A (j-o Jj£Lj ^icl ^jI £ 3jll CjMc.Ua ^3 

JAa3I (JaLs«_a jli tO.015 m/s ^jIj^)ja]| <c.^)juj .ii^j V Ia^jc. j .CjIc.UA]! 

(JjIjjaI! <!U. ^3 <j! LaIc. .^jLa]I ^Lc-^jja ^ic- ^)jj£ JICj aajju ^jLCaJI 

La£ j 6^jLa1! <c.^joi sM^jj jbjj hO 4 _aj 3 (jU <j]UJ! CjIc-^ja]! Cj! j 

h„ a U, 1/4 [0.015 ^ U L (m s" 1 ) ^ 0.139) , _ 

o. / 

(jU^)jal3l ^^3 (jAill CjLajIxaI! ^)A G^JjS CjLa£ ^)3jJJ 

tjjfk] c j£aj Ujjj .(Vertical two - phases flow) jjUl ^Uj ^jja*]! 
^ajU^aA d)' CS - ^ £3^)3! CjMc.Ua ^^ic. CjLa ^MaII g. 3A ^ax_J 

<1jIaja (jj^j^Jail AjjjaiiS! CjIc.^JI j (Gas hold — rip) JL*JI a-iLUj ^jLU! 

CjU^jJaal! UIjjajLa j! .^^Ul ^Uj ^3^a*JI j$1! ^3^)3! ^^^-Ic-IAa ^3 

lU j^)la]l ^Jc. IjIajc .1 (JAj 31 ^a (JIAj j! cj^j <jlx-a3l 3 !^a3I Jja ^a 

Jj1\ jja, V iil CjLlIac. ^3] AjjuUlU La! .^j! j^J! £3^)31 (Jc.Ua Aj^jajjIj jjCi^J! 

<jj£j <Jj!^pJ! 6 jJa-udl (Ja^j AaLUJI jU jjUaJI j! Ujj£JI L^j3 (JajCjaj 

Juil Lallaj i . 'U-V'n LiliJI £-gl y& 1 <i in o-SjJii-a 

b^UJI Jjj .(37°C ± 0.2°C) U^UJI iUjjA .SjljaJ! Jc. 

AiL^al . ■ 4 JJ 3 (j c. oJ jliJI (jj£j La^ £yt Aj^UI 

Jiiii <Sj£jj cs^*^ Jauoijll tLujaj t^Lall ^1 jail gU liiUj Jl 

iJjgiillj gj-s mill ^Jajoi gJJ oglg^JI jgill gl Laic, tljn.i' 

. j . ' ' . .A Vjj lgJ*-i-a ^kaj gl c _ 1-NJ ^jLall j 

Shear effect in culture & j>J! gi g-aiSl jjjb 2.4.7 

AjSuXaillj jg \.'g " (_$ g^ \^a£> t g ^all (J^XAJ g^»~'J g-aalt g ^ gl 

(Floes) g3j IjIgaJai g^Jj gi g^-aJ gjxaJI (JclLall ^ 
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AjJai^kSl (Jj-q LAAdll CjUjISII J (j ja^JI jliiJI dl j 

4 (Jc-liJI dc. jUjc-VI i^VI c-i^j iaAc* j .(Nematodes) 

dl^jlxlill ^jjjLiLc ^A (J.Ax-<a fj j S^Ja-dl ^^lSI j (_£ jJjolo 

c$ill j>^JI uj • ( j^'-d' ^ A^da j-dl CjU^oAS (Spatial variation) A^H-dl 

(jl Vj . ^jLuJI (J-Ix-q ^)l Ma) ULaJ Jajj^j cil^rvL&ll £jLdl ^9 LAAdllj 

V AjjvvSI d3lc«lLdl >q ^^9 ljn»n Aj^)lajJaA]l dllnll ^9 (j-aall (J.^x-c 

d^lldlj (. gVi-Nj ^j^all (J^x-q jli itilli 6 j^Lc* .a] jg aa>j AjuAjS jl 



jl 4 (J«lx-a Jajoi jd 4. QJ-x-^a j!i3 dV jL^-o dj^)^.! J • £_dl 



Jajaij!Lc d^)xJ . Aj - c A qVi^k^H £*l <^9 ^ x^i^V 1 (J^x-o 

4^lxil A-iaJajaJI A^.^)jaJI A q )J^a J A_j! ^ic. dlc«Uii]l oAaC-I ^^9 (j-a&ll J^x-q 

X = BfJ (7.7) 



A_alidi ^aJ 9 4 ** iN xm (j£lj 4 dV l^JI ^l^a* -a ^^9 1 . 0 ^J] LljLui^ cl (J-alstSI (jj£u) Cj 

^ (7-7) *lal«-l! c^LLj . jfl ...ml 5000 j 2800 j 1000 Jl. K -J 

■l&l >«-ill Ajllaia ^ jliil A i-s 3-» mM 4 £.jjjJI ^l.'iVnubj £ij]l Cj^C-lLo ^ 

(j! j .^j-v jjc ^ jiiuoVI liA jl L2o JxsUl (Riser zone) 

^1 £Sj]| ell^lc-lLal <luiliall 

W& 



Y = 



8.7 



l+(Ad/A r ) 

(J^x-o ^j 9 ( 8 . 7 ) j ( 7 . 7 ) dV jlx-dl 4 k A-<u 9 ^ 1 c« IjldcA 

AiliS ^jldc-VI u^*a V dV«Ax-d! jli 4 till i £jilc. .I^)jj£ a^Vi^^ (j-^ 

. (j-aall (J^x-o ^9 (j\ (jJ-alxll kdc* . £jL<JI A_^. j^ 3 j 

Ajjlx-d! ^9 LoS 4Ai jiaJI dl ^^9 (J^x-o Jajojjd 4^ )\ (3^^ 

:aJW! 

, ( 4n \ n/ ' , “ 1 

y = ki(z — -I N 



9.7 



. 3n -j- 1 
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gi 1050 — S ajjLaw ^ j (Flow index) tjLjaJ lW" n J1 «j 

l ^gjti 4_XX j ^xuil k j ^fcj3 g)j . i J ^LLI ^ * £ Loll Jia 4 99j.V^ gjjl jj^dl 

.S^iLaal! ^joiIAjoi gjaajill CjLllJjjlii 13-11 

.aA\^A\ CilSUaJi 13-10 

.jjJ jail j idjlxilol] 10-0 
. ^jjjjLxil JaJjjaJI Clllj i"'Ula4-U Ljjaj 30 
i dn-t (t) (J-adl (_jC.il (J-alc. (_jl] (_^<aall (Ji*-o 

r = m 10.7 



£jLall (_j3 L- jl _j Li > Z-iL/ I ;jl£ 131 LuS 4j^)*-a] (_£^>a.l LiL^la ^LVniit (^SLaJ 

AjjlLa “LLljlail £>3& V] . .i"l . (_jl*_ad! (_g jj^dl jlasdl Ijljjial L. llmJ (j! (j£LaJ 

dilal jol (Length scale) J^ld! g^lLLa ^-a ^jj-fll jlLLS! Ljj^. jl 4 3 -s II jL«jI 

.(Fluid eddies) £jLdl 

J.i*-a (_ji& (Fluid eddies) ,*-iLdl oLal jd (1) J jldl jia iaiu 

Ijjli 1-igJ i(_g jj^dl (JclLall (_ji £jLdl 4_L£i 4jjUa]l 



( \ 3/4 

a 



-1/4 



11.7 



E (jlj £jLail ellLal jj (_ji (XjLall (_jll 4li.ldl 4jjUa]l ^'.a-s idlL/LJI ^ ,_ji tJiiii 
<5Lldl (J^*-a i— ll . n-\ (_j3 ‘La.'l Vn.i.a\l (jj .AiUall (Jlail (J^*-a (_£jLoU 

ALLtdl i_L*Iluii .1.7 _jLla)d (_j3 4 -s . .-I xa 4jjij-dl CllLlcliLali 4 j * ^l^jjL/l ,_j3 
(Isotropically o^' ix^a tJjkiaVI CjI3 JjI jadl (11.7) 
Lxldl 4.J /il cjlal jdi 4jj jjli gjdl (jdldl J\ turbulent fluid) 

ClLaljdl ,a 1 Ljj'lLa jilSI jl ii ja i ill a_]i j L> . /-LL cd jad CljldV I 

^llVualj 4jjg CllLajIdl l _ hH-sj .4jjliail JAii (j-a 4_ijldl ‘Ljjg-sdl 

(jxa^)*J L^)LLa Lll jV I CjLal jill (J gjjjLlLa (jj^J La Idle. . ( 1 1.7) 4Ll*-a]i 
CllLlclLa (^jJI 4 .Aui.i11j Lai .4js_jai-a]l (jjalj^yi ^ji (jlikll jia3 jl Jjlixll o^)Lai 
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Ljlio (jjfL A-iljVI CjLgIj.i 1! (Jjlall (jjoLiLa 4^jljg-ll £2 j1Ij Cjlc.l£ill oAaC-I 

. jlxll JjoiIj ^jC- Sj^L-al! < Ac-laill jja9 jl ^ Ac«l L_JjljVI jl) JjaxII jla^l 

c_j^ui^-a 1I (JjJall Cy* j/*^-j j» x^al ^ jj^ll jl 4*^ 11 Llllllia. jLu! ClljlS 131 4 Lgj-gC- 
aJ^jojIjj (jiajaJI J^lj AJaLuUJj Jai iiui djLnaJI a^A jla 4Ajj^_a-Gl! C1 jLgjI.a11 (1) 

^)-c j^£l CjIiu^JI jl£ I3J Lol ^ jS ^1 Ajlaj V <— -a jx« j ^jLoSI a-J jj 

d^A ^ I3j j c. LiLjalij IJaa AjLalLuj Lgjl^ A-gIj.^11 (Jjlall ^jjLiLc 

.A^jlill jail jijtij ^hVn jl <j£-Gj l$i]i A-ialfLlI a^.j^11j AjjS cijliuaJI 
(Jc-l-L^ll ^3 (_£ j^.1 jAl jla lilliA (jl Vj 4 £jLg1I ^3 C_jI jlajJaVI i^j^ 0 Sjilc- 
jjj CliLajL-ajll 4 jAl jial! fijlA (j-<uJa j-a . IjljjJal 4 ^ iu>n jl j£-GJ j£ jj^" 

(_£jS eilljl£ j 4(jlaaJ! £-qj (_£ J^V I Aj£LaJ! jJaxull j 4 jl j«laJI £-aj CLAjjjaJI 

^LqAjIj AjlixLc (_£ j^.1 jAl jla j 4 £jLg 1I ^lajaa djlc,laall jL^ijlj AJajjjAll (j-aall 
J-Ia-g CjIjjjIj Jjlaj cj^-S .jlxll >iU ^jc. djlc-llill <jjj£j J Cjlc-laall ^Ja^j j 

Aic. djlc-llall jLaijl j-G A^jlill tilij J S^Lx-all ClAc-lSill (Jja. ^ jJajaill jdJ (j-aall 

(Non-ionic ajjjjI jjc« ^.aJajaJI juiail a VA* J-gI jc« AiLjaj jjjia jc« ^-LluJI 

t£UJI (jL-aill JJSj ^^Jc. jIjJI 6^a lU*j .^jjll Ja^jll J] surfactant) 

jjj ^j-aall SjAUa ^A.xJujj Jaa3 L£>LaJI (JA !}Lil3 jli 4<illijj tdjl&lSilL AjjljjiaJI 

.£jLg!I Aic. jl/yftiVI j ^ jlajJI 

LiUJl (Microcarriers) ajj^aII CjXoUJI ^ 

Ia jJaS Ia^. 6 Jjjt ^ tjjUb cJ^joiJ AjjjS (J-cxJjoij tAjjl J^ll 

LiLaJI ^jLx-salll jLIujV ^^c-jjll ^jLaII ^ Ailx-a CjiLoLaJI d!a ^Ijlj .200(im 

^jj£j 4^- jl j-all (j-a C5^ A^g.W'uai^gII C-_fljjjall .I^_^.jlaja3 

^3 J51SJ 0 -iA jj£j Lus 4 !^. ^Lila ^jLgII ^IS^ll ^I^Lj^al JLgI^.1 

^5 44^11il .CjXgUJI A^Laui jl 4 jxx-al A-jjg ^^11 dj^LcLaJI ^^ 13 ^ A^alajl 

\S^Ll\ q j£j j I iA . j jjJall l^J c ^ ^ Utij L_j| jiajJal A fa^iiLall Li^laJI j*jj 

L_jljiajJal CIjIj jj-uj^q 4 ^ \ua\ jjjJall ^jJa jxjj % ^i3 0 jjiu-a ^jjLCill Sj^ AjjI jj'xll 

.^Ull 
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iiil&LLaJI fjk AiUall Jij 1.7 jUaVI 

t -. • 1 "i , .< dl ^ \1 >• ^ '•'- hLdc.1 xiLoli 4 '-,< z (J£ ^_i <iUa]l i aVi-^ J 

:# li2l ^A Laf^j 

Ljlfi-lliil b±A&\ 

E = gU G 

(gravitational acceleration) £■ jOdill g J dip. 

_ gUor 

I + (A d /A r ) 

^Jc. Ac.L-all j JjUil a \ t ( xJaLall ciiL^Lai-a A b j A^ (jl dift. 

(Luminar flow) jll (1) 

jAl (Jaj La Ale. Aijq-s^\i diLljpJI ^gi ^gd^Ll jl yL^joill 

•10 Cf- (Re,) 

!4Ja\jla]I ^ya (RCj) A a l_jLoi^. (_j£-aJ 

R* - 

Ml 

l -a£j tjliii] jAl jjjJ LS^- iS^ ^L^oi]! cjT* (Po) A-al*J 

Po = cRe;' 1 

jl c^S^uJl ^g-ujlAioj ^A (jAJjjjll aJL^. ^gi) (c ~ 100) cduldll <LaJA (jj£j ^ " a ^ 
(P/Pl ^jLau Sjill fJijj (power input) $ jaaJI J^a J U? .(jJaI! <SU ^i) 40 ^21 
6 _jA 3 (. _ luiVi J31 SaIc- S^AaII (Ji*A A_i3 .©^)Aa11 <J^A AjI > u"i i (jfLaJ ;N~dj) 

M <UaU-2I ^ 1ajL-u P <La-l3 AVuhL (PG) 

( p »Avjrf' \ 
qJTPQT” ) 



E C5 ic. (jfLaJ jAx-a Q jlaJ 



Pq 
/*! V L 



L-L-aUll (jLj-ujJI (2) 

La9^) SjAaII ^aill_J U_5^_5 .RCj ^ 10 ^ xi.VtC. AA^A^-all (_gA 1-Aj-alc. ^jL^uill 

;(j^1a 11) 0.32 Po — 1 -ci^' a-ujxj jA j (constant) IajIj 

(jU-vll) 1.0 j! c(dll^)AAij ClbaJI ^A ^gj-ajA]! ^jAJJjiiil) 6.3 J c((jij_>Aj^U CJjIa^aII) 1.70 
^Ia^jjojL P $\ _^-lL aJ-cIxaII SjaaII (J^.a l-j 1 tti'Wi . (^j»x>-v\l dji^Laill ^a prochcm^ 

.^lijll jLjjaJL ^_Aa^a _^A La£ E J Pq l_ il i.i'Wi »6 _jAa11 AHjIuII A a rtW 
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jx x-ol ajlc. £jLg 1I ^ <aix-oll AjjIjjaJI L£>LaJ! Lol 

Clj!>Lc.lL<i ^9 fijlc- A^A^Jjaboi! £jL<Jl L \ks*C- CjIjjJjuIAJ ^jl (ja ^JJliSlJ 

^ ^)l ^9 ^ CjLj jJjol-q ^ ^)l 3 -0 

JalijjVI A-ilac. ^ jjJj Igjli ‘0.25 Nm ~ Jj- 3 ^ jSj d.ia. 4 i^-\u 

• Ajjg -N-dl ClALol^JI ^_jJa joiJ lAlikll 
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jiasa 

Mass Transfer 

Henk J. Noorman j I* j>j dllA 

DSm Anti - Infectives, The Nether lands n friSail .p.Qu.i 

Nomenclature AjauuII 

(ill 1 ) jjLaJI ^ AaLujjs a 

(^JLs Ail j Jli.) Jc-lilU < _ r i£ll ^ywll ( _ r inil A^L^u> ** 

(m 1 ) 

(molm' 3 ) gJUSI jjL c 

(molm" 3 ) AluajlS jiUll uulaJl <ji JjSjil! Q 

(mol m' 3 ) (P/H =) fciUll jjL J (ajljfll-) &&& C * 

(kg m" 3 ) <lj£Jl JjS jj Cx 

(m) ^JLdl fLuo& &Ajat d 

(m 2 S" 1 ) AjjLuoj^?) jl jLuujVI JjjU-a D 

(rn) jilill JliaJl Jak D 

(bar m 3 mol" 1 ) cSjjA H 

(m) jjU 21 ^liu ijl Hv 

(mol m" 2 s’ 1 ) Jill fU£ jjc <jl&21 J 

(mol m' 2 s' 1 ) jUil fUic jjc. < _ 5 JS1SJ1 jjfliil Jg 
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(mol m' 2 s' 1 ) (JjL- 9 - Lu& 

(ms' 1 ) (jliSJtt Jiiil J^bu» k 

(ms’ 1 ) jUil f Lwii JiSli J^l*-4 K g 
(ms" 1 ) fLiiJ Jiill J^bw Kj 

(s' 1 ) < _ s -»ajLll < _ 3 JL1SJ1\ J&HI J^bu» Kj a 

(ms' 1 ) fUA yXSSi Jia J-bu. K 

(conisitency) fljSH JJj K 

s ji]i jjjii JaIj n 

(s’ 1 ) JliaJI u'jj j N 

(mol m’ 3 s" 1 ) (uj-y^SU Ja =) J3u Jj*-a OTR 

(Nm' 2 = bar) p 

(bar) (1 bar = ) >*1) JaLoll p o 

(bar) Aiua jU j Jlill (-.i.il.-vH Xi£- L dLual) P i 

(bar) (Ji)ill Jlili iduua P in 

(bar) £ jlaJ) jlxl! laLua Pout 

(W) S jiD P 

(W) JjliaJl AJouiljj i jkl\ P s 

(mol m 3 s" 1 ) Q 

(S) 6-Jfl 1 

(m) jlafl Tv 

(m) ^ibu*All x 

(ms' 1 ) ipktJl jliil Vg 

(m 3 ) v 

(m 3 ) jliil ^ Vg 

(m 3 ) jbUil Vi 

SjUi jjj a 
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(s' 1 ) J-S*- 4 Aajjla 

£jLiaS) ji (jaalS) '• 

(kgm’ 1 S’ 1 ) Aaltaljj^ 4a. jjlfl H 

(kgm' 1 s' 1 ) 4 j*a>A 4a Ho 

(kgm’ 3 ) jjLaJI jjla AiliiS pi 

JliaJI Sj2 Po 

(Reynolds) jAAu pj R ? 



Mass transfer in bioreactors Jaill 1.8 

Introduction 4-«iaA 1.1.8 



aJoja! jj j3 ^jjj£j3 Ajjj^J! ClL^lc-lioll i" it Ja\c ^3 aAj^\ a! jaII i-*\\g*u*n 
AjljVI aIjaI! (jl . djLaj^jV 1 jLo I^Aa S^w a £.1 j^.1 a jl a.jj^ ~\a\\ c' A nt^l! 

^pt >^aj c -ill j jUI (Jaa (jjjj^Jl ^pt ksia A j^tl i‘* it nt^ll A_i^.A^Aill 

^cji ^ii! Ia! . (jj> (Jia dj\j j^p^iyi c!l^ y<j*nMx> ^ A^y Lp^Ayi (JIa 

^11 Ajjd^Jl aJj^II <ja L^.jAj cApjjJaxll i**it i^jaII ^l^i! c q\**vs a ^jjSj (jl (J^ajS 

jl CA^Ul ^Ac. l_i^j tjLol (Jc-liij (Ja*-g Jc. clj?** 0 ^'! (J^»y AljjS jl 

A_ii^J! ^Ja-uj j\ ^ajjpy I A-iljVI SaIaI! (Jliiijl (jAjJaJ (j! A_i*_iL-adll A_i1ax]! (jjjAifrA 

^aJI (jil^ll jl fjjtfl (jc- aJIji] <^IV^ j ^A_ilk]l J^Ja (Jc-liill! ^5 ja 

(Jllijyi AjIaC. (JajoU . (Jaxaj oJ,W a ^iC. A j\a* tl aAA (jj£j (jl (JjJaSJj c A i^aaII A^^jaIIjj 
• 1.8 (JSuaIIj ^jJa ^a Ia£j c^Aj^II (Jail! All! J)AvS (jA AAjoAjoJ SaIc. oAA 



<■ t W )j 6^a^a*JI ^ \'&\\ (Jail! Ja*a Ah‘u» ^lill Clll^Aa^AI dAA UaJ (jj 

(Jail! (jl£ lij 1 -ajs ^£A (Jc-liG Uajl Sj))o^ a ajq) 1 g^Ajfl Aj^jILq 

Cx^Uall Jc. IaA ^ dliijyi AiJUJ .y ^1 aJaxJI ^.IaI ^3 JAjJ-uj 

LiLaJI (jj^3 cA^jjyi Ajjj^JI Cljy^lll C*..A.j1aC> ^3 IaI .a!aI£ L^Lk (JaAoj 

^j^aj jjuJflj (J^aj (jSJj c ^.K'l Jail! Cliljixk (jA JS1 AAc. c^lliA JUlUj cApjlc. 

•W^ 
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Mass transfer steps 
Effect of transfer limitations 



(js&ib jisM a jiai 2.8 

JiHI jxt 1 . 2.8 



(J&lioll o j|)r\ ^ya Uajl ^-l&l (Jaill dll dutSi I jl 

a Ac. Igjc- (jjJI tAjjg-N^II diUjliHJ A u^ijVI dM*i]l J.Wuu l^jli t<jui.uj]l 
ijAaJ tiilljl 4-s fn .olsolall AjIjV I o-lLail (jx <j3 i_j jC-^oll ^jljSI ^ (J jiiilS 

dljjl^ll ^ J ^ 4_l^>iJ 4q\a ^11 LildJI ^3 dll jijljll (3^ (jJE._jj A )n^!)La 

.A iL ^-1 (." i\ ni% jl i'\\* *-y'\ Jdlj o.li<U 




jJIa SjiaS jl AjJLc- A^-llS ^4 AajI Ac- SaIa j! AJjI a aLaJ JIHI CAljia^ Almluj :1.8 



SaIaII JLuu jLuujVI aJxujIjj) Jliljj (1) :4olxil J^lA Jc-lill! j£ja Aa1u 3 A.njv j! 

jmi (2) .jjIaIi jjiaii (j^ ^ixuiSi cuL-aii ji jjIaIi ji <.^ ji*ii jjiaii ^ aaIjV i 

^Uil jjlai! Au£Lwj AjAjA^ AJLia jjC- jLuujVI qju JaLujVI AJxujI jj S Ate) 

jfljl! aJoujIjj SaIc-) Jill! (3) .<Uluai! AjluaII jl j-jIaII S j.JA 1 jl A-jJl*J! A^liiiL aJsaa 

^ <Uaja-4 AjIaSj AjAjAa. AjLla ^ 1 \ £jLa 3! jjlall ^jaC- jjC- (l_i! jJaJaVI j) 

^JA AC-ja^-a ^Jc- (AjSjaJI AjIa J^U jl A-uajIa AH£ jl ljUjIS £_4^j) A, jja ji AjIa 



JxLa jaC-) JaaII (5) A jt-vtl *Uu* ^J| AjAjA^J! AlJal! d AA jaC- (^jLuiajVI) Jlill (4) .ljUjIU! 
JaIa (jj*A *J2 ja Aolxll ufclc- jaC- ( Jilil (JjIajjjI AJxujI jj Jlii Jaj ji/j jLuojVI aJxujI jjj 
.(Jjj^Sxa]! jLuiaII Iki: AJ j^aII :AJxx^Ia : Jc-lil!! du^. AaL^JI 
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^cjLi jj£jj 4(J jiijll ^ .l^JI ja Jl (Jc-Lijil ^-aj-aadl (J-lx-all jjSL) • 1 
-4 V JjV " J -*■''*'■ jLLl -lie. AjLLl a^A . 4_J j’L LI j-a Usui A_iLa*JI 

aLI jj UjjIJI 3JaJ jj jjSjkJI ye (Gluconic acid) 

A-kJ jj Ua JtUill ^ y>xl .Gluconobacter oxydans 

J -Ij-ldll (J-olc. Jj -1*J ; Vj . JLall jjkll Jl j yj “'^771 Jj (Jjxx 

ijji^W jjl£lt Iia J 4 (Irreversible) jp- j^b 

Lllij A^jadl a-liLall LlLLill Jl jT. - .11 j j j' 1 4 jlar. V W* jA jij (JLla 
<J-lxa (Jjjaj La Idle- liA .ASjaJI AjLo Jlj (J^l.1 a^JJI jl LmVI i_naaj 
jj - -AV'. (jji.1 4 -L'M Ajj-al idljA jl Laic- . ^_jaa.j (j£-jaJ j ^-ajjudl ^LiiYI 



Jj 4_iLaC- .\i W' -1*J ^.xaaj jd JaaJ 4 JU jj jjdt ^jli^ajll A_iLlij J)3 
l-laa. daba*. (jjjLiLaJtll bAA J-a jjj ■ ( jj" j'H dljj^Lj LllLa) j.'~> “' i sVI 



. Jj£ll Jill i’iI.VK al 

jj y- - .XVI Ja*j 4 jj JJI j-a jjll a jj-a*k j ' ' - -X\ aljjl (J-liill alijil jjij .2 



Jj dllj jjj£ 1YI Ack jJJ j;y- - XVI 4 _jLic. Jj . 4jjli jjj£LU JflJ-aja£ 

juaaSjl jliij J jLbYl jj jSj “do Jjj La-o (Pyruvate) jjj' 21 
Bacillus subtilis L jj J. jj* JL . jjlaaJI j-a ij> l j-a LJ jjjjill 
Liic (2.3 butanediol) J jj-Hj jjj _ll j (Aeetoin) jjjLAM si-a silc. 

jj>- ■"‘77 I 4_lJ JJ Jc. jjjS J-'j jjjlill Ajaai -1oj*j J . jjCa-oiSV I j-a ^ jd 
jjfLi J3j -AOiji.J J jj-v ..XVI Jj CliL/la-a daai Jc. JLilljj 44_jlAall 

. ^jl^j jjc. jl Luta^j Alladl a La ^3 jj-Jall 



Transfer between phases JJaVI j*? 2.2.8 

o" (;L» 11 c-Lul (jjg j all jll^ll Jl AjjI jjJI dlaall j-a j_j ■ XVI Jaj jl 

ja ajJC.j j j . XVI 4 ^ 1 . >1 ij J3j . IjUiil AjjLij Jlajjl a Jai. AjjIjJ Aj jj*\ II 

^Jjl -d Jl 4lllj jjJjjaJI (Jla) AjjLall JjlUall J jLjj jll AjjILII alll jlill 

jla JLtll (J^3t-all J jj (jjajaj ^2 I ij j 4 WLLl ,{"u.il aljjl ajji AX-J--J ( j JJ J Clll jj 

jLa Jl jG A j-lc. JJC. j j-all (Jaj A jlaC. jl . j jg -yall jjl^llj a j.aj jj£lLoi aJLsJI 
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cilli ^Jc« • JHii — jli (jaJ Ja^ll Jail A j\a» \ A^ jLuua 4 a_lL-a Jj JIa jl 
dl Jas (JSjJij ( Jcl Jlajl ^)Ja3l -i^. jj .(> C 5 ) Aallxll ^Jc. ^Aall 

.dajl dl JaSJ Alaa^-all £.Ia 1I Aiija ^^3 Jaill Jail A : iujajJI AajULaII (jA^aj 
Jc- (_£ jad c** d n vn jl A_il jVI <bLall dlaaa^) l. .ilj^all j Jail <jaj jl _JI Jlaa J Ia£ 

.a^jLaa JIaII jJallj (aj^-^a dUal£ 

Transfer inside a single phase J J^Jl jjail Jib J2u]) 3.2.8 

lau^joi jlaj (jAjdal A_i3L£ A£_ja. CliaJ! 6 Ja9 jl jUJI -Lc-lia (Ji.lj ioS lc- 4 A^k Jj 

Jc> "LojlLoll (jja lil j 4 JIaII Jail ( x-c (Interface) ^ ' Jl Jaj»jl Jj dlaaHJ^ 
c_ia. Jjj jll 4 JIaII jja ^»jaC. J 4dliLuiAj| dul£ lili . Jaall Jaxall JIaII C t \ )\y\\ 
oJUt> Ja dQd . ^Jall Ha Jj A-ajUa (j^Aa La^jc. 4 1 j h ti ‘i 6^)aj£ lAjliJ 

j)A Jl djJaj JIaII .lalik a_Aac. c' n*s 46^)jjill Ajjj^JI djlc.liAll ( J aJL^JI 
lil - ^ Wqa 6 ^a*-k-al! cavLc-lLJI JlaAll JalaJI (Optimal) AallaAl! 

£ajj-aall dlaLaC. c-Ual AjSaa]I dl J,hJ &^A £a (JajLuII ^\s'n (jl (_£^)j^)jJall j)A (jj£a 
jajaa s-lill (jAill Jj jj-ila (jl L_la>a <_£ j JaLall Jc-lioll J Ujaala jjli Aalc-j .SjajSil! 
JiaJI 4 ** i\ n vs J^H (jja (jl j£-aa <-aL-all ^Jall (JJj Ja£ll Jail dal AW a (jj .aJaxII 
(_£ ja^. pLaC. JSjuj Jc. Ia! 4A£jaJ S-liLall Aj jg ^ a \\ dljjlil! ^ic- (^jad ^al! (_£jaaJI 
J _^A 4 tilljl JjAall .J5H31 6 -^Ia JjL^. Ai^) 2 aA (jj^a j\ 4 A^^aJI JaLo JSlalla Jaja^)A ^aJajuj 

j! i^j^. Jiuj ^^Ic- l-l^.l jaA (jj^J 4 laJaa^ jjl£ HI Aj^ald 4Ajaii3 (jalill 

4 dlaaaaJI ^Jj lg_! ^.Lijl 6 jajS A^-jjaa Aal jVI 6 jIa 1I ^llg'u*n .Aajaija* AJaS Jiuj ^Ic- 
Aalc-j 4 dlaaaaJl (_^aflll Jl l^aA (_^l Jj V i" n*sj AajaijpAll AJa^ll jl 



jlsdl c ^ iu*ii (Jc-liaSl 1 111 nj (jl (j^J . Jc-VI -l^JI (j-o JSI jH^ll (jjaxa 

.Aaal£ A^. jx*a AJaiiAll j' AaAjaJI ^al^all 

Transfer across the cell envelope ^JiSl ufclfc jjp Jilll 4 . 2.8 

uj J 1 i_lL*a) ij^aala J_A^ lg->,nli <J -s CllUjl^ll jlilc.1 (j^J 

(jl (j£-aJ (^.J^bjLUl «.Li»JI j A ;\~sll jl^ (_JLoj La l^lc-) 4-iliLI i_sLlc. JJC. (JajJI 
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oj£j tiuj^SLlI A W dll) Ailjjjall (jdLaaill j ; -»-N%ll J C. blaJC.1 tilljj tl Jh< jj£j 

4,^ i,^v/ i Jai JL 1 jg>a <jjl£JI (jl£ I j] Uua j cCijjjaJ] (Hydrophoticity Aall 
.(2.8 JSuall) A ql~']-\ a Jai dUI did jjjai i4al& jSLaJ -V ^ 



jclijij 



j|| ■> .1*V jl <*l til 



J*. jLi»J j) 










JibSI 



.dill (-silc. jjc. ( _ r li£JI Jail] ljL^T 2.8 Jiill 

ja 4dii ^ Jaj aAac. jaj :(Free diffusion) _>=dl jUdiVI • 

•C^Vl Jj J^l jjjll 

j£lj .J&SU AjLiw ja j (Facilitated diffusion) jjall jLidVI • 

.iiali dliiij^ a ]-ii.il jj jojli 

Jij ^ Jaj jjjjjj 3_kJ Jaill : (Active transport) JUill Jaill • 

.(Atp) S ja. 43lk! 

4_llaC. jj£j lill ( jla jJjla 5-1 Jl_j2.) Idt jj» > .-> A ~s all 4 Jill JaS (jl 
4 q i A LJli nJlj J) AiLjaj .t_a5lill jjc. Jaill j>a jaul ^ ilill Jib jldaiVI 

4 dil j=J) -Intracellular organelles- AildJI Jib uUd d.yi si J 
(jli t4j All (jimlHalljj clllj ja .Jaill (jji I Ja.1 Jiai jl jiaJ (jll (Jji Jjpjla 
Jd jlj tijill Jib dl^\ 2 "] . .- V y I Jita ja IjaiS jjxul jj£j Jaill j >a jjill IllA 

.Jaill dl j)1t\ aIuAui ^3 Jjtll J-dall o-llc. 

Mass transfer equations Jaill JaIII dJVU-» 3.8 

Fundamental Principles k±uLM\ jjUaJI 1.3.8 

jjL J la jjial (J) J&ll Jaill jl J& (Fick's law) bLa jjilS t>d 
duliill iijfUl jlj) 2 k jc. jjdill .(Jaill oldilj jjS Jill jj-ii ja dualij 43l>lc. <1 djia 

: j* ^Steady - state mass flux) 
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I = -DdC/dx 



0-1-8) 



jLiijVi AjljliS D jli 4 4_ili-aJI jjlail ^ JjaJill <fuullj 

^wLouJj 4 jLiijVl JJjt-al <11 j (Effective diffusivity) sjj>al' 
Ac jj^joll ( 3 j 3 j <Sj^1I ihj* OH (j\ . i—lL^all J eliljjall (JSjoJj 

j=DAC/d (s<-1.8) 

Ajl ^ic< d/D Ifrxjj ,a L_i-a jJ (jl (j£-oJ j t ^Jj^ll Jill JxiLt-a D / d JLoJ 

AaJa A xxi.ViA ^^ic- Lll£ JLojxj^ .Jill Ajt^UI S ^iill Ac Jijj .Jill .Ixia iajliLall 

^jl 1 g ‘^1 j ^jLoII (d) A^Jajui-d! (Sheet) (3^13^)11 

CjJI JJC. aJj^JI jLjaJI Lai .(Ajjj^JI Cl^lc-lLoll A-olajl Jc. JjJaJ 

:<u* g±u dx U jla9 £lu aLL ^ uJ j3l' Cp ‘(Unsteady state) 

D8 2 C/8x 2 =8C/8t (2.8) 



A 3a xJ ^Jj^ll Jill i J Aj^laill AjjujLujVI CIjV ^Lt-dl odlA ^I-I^JjojI 
. Jx^^j La Ijjlj ILa ,jl V] £9^)11 L-jl-jg. ^ illan <J13 (j£l .jLiLiVI AjLoc. 

dLa ^9 j t^j^Jall Ji £-a (_£j^)^JI Jill j ^L.xu‘lVI ^jAJ JaLujI J^x-a^. Ja^LLj La illc- 
l-A^J .£jLall (jL^)xJ Ac.^)xdl Jaxij A9^)*-a ^a^C- A 1^1 x^aj aKxxui Lij.ll ^jj^Vxxi aJL^JI 

£jLall ^j-a j £jLall jLJI C Lb J^jVlll dj^LaJ A_iJJ^)^j £jl j-a ^l.\?aJxJ C-jUaJJ 

.AjilaJI AjjJ^JI CIl^Ic-ILoII lSJ^ ^^1 L_llx-aJI ^1] 



— £jLal! jl cjlxll — JSLjJ! ^jjj J^ll Jill AjxxJL 

(Two — films theory) u^Liill aj jiaL Ai jjxxl\ Ajjiaill i-ojc.1 <j£aj c jL,all 
L-iaj . (AjjLoASI Axjj.Vi^ II ^^xi a ^-a ^^_la cjIjS (_^l ^ \7sll (Jill ^jC- I j5j^ 

^^-a^aaJ! Jill J (J^ c^jjj^Jall (^ Jx^aSla J^Lxxidj A 1*^11 c_kx-aj 

• 3.8 jSilL ^-k-ia^-a La£j c^Lixll JjuJLai ^^9 A JaxJ^J cjjA 

I A JaxJ^j ^Jj^II ^jL^aJI L_i-ajJ ^jLall j jLdl Jj AjjouIL 
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g-LolC- ^}JC- (JSj — 
JjLai ^.LoiC- ^)4C« (JSj = 



J g — kg(P Pi) 

J, = k,(c i -C) ( 48 ) 



IgjfLlj tAliLala JJC. tQ J Pi -IsluijII ^ nl •> (jj£j 

:Henry cfficientt (H) (jj& J*l*-a J^U» Jaijjj 
Pi = HCi (5.8) 



o* 



Igjll jj (JjJaSVI ^ jLuJI ^J3 (_>4 j3 



V laLaO 



^_^ac. ^ jjSljjiH “UI^S (jUjjoJI U£j (5.8) j (4.8) j (3.8) CjV-4*-a it 

ojj^' 



] = fC (C * — C ) 



(6.8) 




tjA ‘ ftlljj w ~jj" ^U . "" jjja, jjfr JilSl : Ajjlaj 3.8 

(6.8) “UjU-all (j\ iii.V .jJLall jjiall ^ g_.n«M) 4_aj2 (p/H=) C* Jlaj ^ij*> 

Jiil! J^bta ylj 4*al.ill iji}\ (C-C*) J4«j .(lj- 1.8) Jlui (jjiiu 

. Jilit CiLa jl&a “Uiafr £><* 0JJJ ( K) (_^a , 
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(7.8) 



l/JC = l/(Hk g )+l/ki 

J J\) 1/k 1 j aJ jljt-all 6 JA n Cj^^l 3-a Lille- 

4-<u3 ^jc. ^i*j c-Lic. jIL^j AjJiLo ^)£jG V ^Lic- ^LqjILq 

A^.Lai-o j Jj (JjjjJj (_^ j>.).^H (Jc-LAaII 6«i^ j Jj Ajjaiillj SjLc- ^ K'l JAill 

<Ul^. lg_i* cSjjjc. diVL-^. ^A j 4j! Jj <illj <^A l-ujoJ! j j*j .^^inll ^-LaJ 
CIl^Ic-LA-G ^l.lkjjaal JiC- jl 4 <3 j! ijlxllj 6J^aii<J! AjjJ^J! Cl^lc-lLall 
jAill ^■IHaII ^‘ni\l ^-ixuJI <^.Lua^ Jj.l^j Ajj)» A^all 

I^JA ^ \*1^3I (jAill (Jjjt-G C t Utl^kJ l,J^Jj . ^ \\^\W 

Ja = k,a(C* — C) 

iJc-lLail J jL ^-S -S sJla. J (_)£] jLallj jlill jjj Jjfll Jajaill Q (JlLaJ i“n-s 

JS (j£j A~\\ m.a\l jl tJLo + l J>.o + jle 0 -ia.j J5J A~\\ m.a\t jl 

^g.AuLj Ja jljll (jli tjLoll Jl jlxJI j-Q jj ~s * .5^ 1 Jsj £»a Jilatill - 2 - 1 C- Lot . jia II 
.(Oxygen transfer rate : OTR) jj^£VI Jaj sic- 

C* jpa (_J^i J (j^al Jal i ; tk t a -uj ><n jj-isij Je J j > ^»^> I' (_U^ 

•c J (P j) 

(jl (jJaJij (ellljl 10 (j-Q Jil j (_£^)iii-all (_g jj^.11 (Jcliall Jil A.i. lllj 
(Jjfs*. 4jiJj (J <a} 3 j j£j 4_ilc.j 40.112* Ua Ji-o jLail ^ j Ja j Jj 

^lajj Cj51c.Uu jl JJiJI Jol*-a]l Cli>Lal*ao J i." tWi V “UlaJI o3& (jl Laic- .jLull 

djlilila^.'jl jliic-VI jJ*J ii.VI SJlaJI ojlA J ^ 1% ; ‘(J 100 jpo >>i\l 

(jl ij^i “Jc-j .(5.8 (_>=>s3l ■• Jf5 J=»jl) 4(_p3_j^JI (jx ^alxi-nll JI_JI jjl jllj 

: (4.8 j Jail cJ" I j (j J' 1 j5 a\ Jltjll CjVI^JI (_5^a.l J (_jajaj 

4(Ji.l^ll jlill Jala 4i_jjaJaj jl 4 _j jjjaj tdliA jjJ :Culij = Pin = P .1 
J1U1I (jLijjjJI eiilj a _j\!> .^>11 ej^lc-liall ijjlc. >.~~ \ (_^illj .a 

.Liiuij JJS1I Jiillj jUll 
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lia Lo^C- • l '— P out P • 2 

(Jiill Lo^JC. t Q^) ; )3t .will ^3 \ k. ^>jl i“ i,Kj I 

• 4 j Jia LJt-C' 

*L<u3 (J.Ax-a l g*),aj3 S )jat j^all d^lc-lLoll ^3 C(Jc-VL<JI ^.tit.i.) P .3 

l-i» >>>\l (jli .Ij-n'I JalaJI ellli ojaiSLlI tll^lc-lLJI ^ Lol ji]l 

^acaJI ojjj^ <JC-jVl Alla. ‘P “t-aii Jlaj (jill j& ^^j'il'niij j.llfr]l 



. I.\iq»‘i J & I Ua (JLa*iujl J laj -LalaJI ellli 




ojl jail <a.jlj £jU]l till: jSLal “Ull l ^lb C* 4acl3 Jlilljj iH ^-aJ3 jl iaaV 

(JjiA jjjlii lJ LaS> . (^^ic-Vl ojljaJI cilia. jl liliji Jal allc. jlill jj£j) 

.P Ji& ULi. i*u*j C* <*j3 J ^1 jaii (Henry's law) 



c lm = (c* 



C» 

C)l n — : (Logarithmic mean concentration) jiSjslI 1 u^jl> 
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e^)j) a j k i *Uu 3 jj-laii Ig-al v ,Vu ill jSaJ dllj jjalll j^ 33c- <SliA 

^ic. (3fiaJ LaJUC- LgJ IS jSui-a CjL-ial jjj3l ^bu CjL)jJaj]l ojlA j. v l.a,iv jl V] t<L-aii-a 

(jc. 4 _^S o jSa k.»~i 1 g 'Slj t^jivAll ciAlc-liall ^3 aSjVu '1 JjI jj 2 I 

.^^liSil (_JajU AjjaiLoiVI 



4 \a\\ ^ 3 ^a» a ClAj^)iij]l d^A (Jjxxaliij 

• ^ 1 ^ 1^. 



k*l\ J, jJU 21 OljUUI <> Jalil 2 . 3.8 

Gas-Liquid transfer in real systems 

a'lllLaC- ^3 ^jLall j_jJa]l Jl jlill jjiall jps jj-v- ‘ ‘SV1 (Jij 4_ilac. Cjjl^. 

“LL-aAia a^jjfx^nlj 3 j k| j»j3 jjSu 4-lLaC. jl Lajj . jjj£ ^LaiAl ^gic. Ajjiait CjNc-LLall 
a^all jSaJ .Sjoaii-a -Caj JAxj La Lille- k[& ‘CajS jll tAjlill 4a*_i^a -CiLaC. Luj^aj 
^ L'SlI JAill) jpa .liJuJI 4 jjjaJl aljLLaaJI 4_ui.liA dsLu.ll ^ ^ ; jl 

oJjUJI Cja^JI ClsbLc-LLall £-1 _jjl ju jl LiA Lille. i _ '>■ ; . (Jxljtdl (^a^-ifl 

^j3a\ jjAH CLLLc-liaj (Airlift) ^Ij^JI £3 jll djLLc.liaj dlc-lAAll odc-i Jla (JLa*dAI 

(Jsill jl-lLa ^3 Jjjj 33 £uLall 4_uLijjall j-d. . .^O'i jl . (^jLaill _1 ■ ^.all jlajl) <3_jai-a]l 

IdVLi. ^2 Aijjail. a j»j3 a-UaC-l jSaJj . ClsVLiJt ollA jx klbi. (j£ ^3 l _ s fS]l 



^LaJjVl £uba (_$ 1 4 0 j;ij£ dLc-Lsill ^LaAil ( ^lc jbi-i (jhll £jLall • 

.<1UJ1 oik ^3 liuuja J&ll Jaill jjSj ^Coalescing liquid) 
(Noil ^La.lill)Lll £jLa (J\ i jjj£ (JSjuU dlLc-Laill ^LaJljl ClllSj (jhll £jLal! • 
Jifl ejV^*-al (J _lcJ JjI jjJ! j-« jjfl 1 jiA LS i«j .coalescing) 

.JLS 11 



( 2 . 2.7 p> c^jLaJI (Jx^qll dilc-laiil S^ac .1 CIl^Ic-ILg 

(JjIjjuj ^jjll Jaxii j\\ I jj jl J^Ull C_3^5j 

djlc-llill j\ ^.LaII (_^A 2 *Lo,AjVI 
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USlc. .\jjJj c6mm Igjjl jj Ja3 

(Heterogeneous flow JiLJI jLjJtt Joliall Ji aA£1\ a^j^L 

6.^ j JSI J*JI Jj^uj = ) Jiit ao^jJ <11 j (s) ^jj .c_a3jjj ^regime) 

JJ Po ^Auaj) .1*1* x^ill JjJ ^jjjLujI J O t^Jc-lLoU JaLoll A^Luwa 

i( Jj 1 A*i<afl ^x^.^a hx x^-a 

e = 0.6(v g p 0 /p)°- 7 (9-8) 



■lljjaJj Cll^}jiv.l ,19 4JU1! ‘Aj-UtJI (jjjj ^Jj£Jt (Jaill (_J-alje — q ^ ll in’s 



:Uj 






v0.7 



M = 0.32(v g p 0 /p) 1 (10 8) 

U^j\ £\ jj| t^y^x A-pjjVI (_JLo ^■Lo.ljl^U! Aic. 

4 j 4 JoVI Jj Jill jLij jl (I)* AloiUI! CAoliil! Jj Ajo jJ Jj-aaall 

A_iloj . Ja 6 (3^ J51 Clilc-liall (jjSj ^jl Ja^jui 4(_£^iVI dllolaill £-<a V 

c^l£ jl Ia-q ^Jol aJL^JI ^La ^3 ^jjSluj kjS a-<u3 JLJIjj c (jg \))" JaJ A^Lui-o Ji 
ja (jji Ji ■^-<^ ^jiiaj Iaaic. j>4vu^ jj jj djic-iiaii 

Ai j&Lall dlloUill (j\ 4(50 m 3 (JA dilc-liaSI fi-lco! ClLyloLu J Ja^. jl 

Q-v \\ lUrti cillij 4 JolLall jiap. Clixijjl LoIS laj^La 1 J_Lqjj 



. ^Jl^ll Jail! ^3 AiLaJI 6 La Jjiuj . ^£^lllu: , J*» will 

^-ax-aij AaLxia (3.2.7 ^3^ 6 £j2l J^B) jjl^gJI £^JI o^lc-tLo 

^3U1I Jj>* JJ W* UJ^ (JI& t (Riser section) ^L^JI Aiki* 

(Down JJill ^ajJI ^aLlLqj t^Loll djtc.Hill 

a^jLIq qa ^ jll Jo j ci3ja^]lj JU3! j jLu comer section) 

<*3jJ La-q (J3^ U-3^ J)j)>^*Q^ jUlt (jl Vj idilolLill Jolj^aSI A^Lllq 

kia (jli aJoj 4 JLaII ^jlj^)^ £-° ^ . iu*ii <^ULj ( 9 . 8 ) 

J UJo SdilcASall aJLaol l!l>IoILq J 4*i.a) 3 ^j-o 4 CI 1 EII JJ J-aj J3 

. xjj (JJ3J J<Llj C5^ 
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(Stirred-tank La ^ai_dl CjLl&lLa jLj-Ji ajAlda 

c> u^j ‘(jaidl lSj^j Ljj^I ls3 u£ Ljjljdll (jjjla (jc. reactors) 

jjJiaill (J» % I Lm tjjLjjadl Jlaijl jdaj j-a 33c. £»a Lit j jV L) 4_l*jJa^dt i31ll jjlildl 

£jLdl ^ Cjjtiadl (»_llaj]| jlill o3lc .4jau-aa 4_iLaC ^tTdl (Jail! (jjAdl ^^-afdl 

. I^j|jj3 (jjlaidl Cliljiai i ala. 4jj5"ull Ljjlidl <31il jaall ^3 4x. j 



l^la j.Tli; talll ja^ll o3gd 1— a^jiaSI 3jc s-ll-Loi i— ll jLn><l CjLal j3 jj^ju 

4£jLall (jLjxu Cjlclaall o3Ai £JJJ .£jLdl ^ajaac. (Ja.3j a jj» >^> Cjlclaa (J^joi (^^c. jLdl 
4j3lgdl (JjLit ull dllc-laill . (_jaa jaJI £jLdl ^jdajoi 1 1 J-i it ^iijjd t g ~l5t j 

iJ|jtc.t^all o3& (_j-a £a.jj . Jladl (_>£iall ~lg •> allld 4jfLaL/l (_g3 3l*j ^aJ 1 jn.i'l 

Jajojjllal LLbtas jl jjj j |3& . ^t-mitt 3ic 4_didl jja. ^3 4jjtjdl i LjLajll ^dt 

14 %,a,yi.atl (JjIjjuJI ^3 jlidl 

£ = 0. 1 3(P S / Vi) 0 ' 33 (VgPo/p) 067 (H-8) 



. J-d£j jii£t J ~s a\\ jlidl 4^aj3 jti ^La3jlLLll (Jjljxdl ^dl 4..i» .l'iIL Lai 

(JjIjjoi J] o3lc. jLSj .“Uaalli. 4_ujjaj CjIsLIc. ^Jh K] a J 4 i^it -vtt ClllsLLdl (j) 

t-Ldllill (%30 ~ Lij-dl La.j3) Ldjdl allV^Lt-dl 4 Liml^j La^)daldl ^La3jlLUI j ^La3jLH 
.kW/m 3 10 J 0.5 (jjj Ps/Vl 4_aj3 jj£j ka3jc 4 at l > ^1 jj£j ^1 

k,a = 0.026(P s /V I ) 04 (v g p 0 /p) 05 



M = 0.002(P s /Vi)°' 7 (v g Po/p) 



,\ 0.2 



Jdt^oa (12.8) 
^La^liUI JjI jx * (13.8) 



(jaa 4jj£j]l ^3 alll Jjj'itt 4.j.> l iiluia. j^iSI kja L)J^ 4^La3jL/l (JjljaJ (^3 

da^V .^LaJljlLUl (JjI Jjul klli. ^^3 I i*s >^> (Jji^adi (jj^J ^ t (jja-s \l ^3 Cjljjildl 

(J^lc. ^gib (_ga4>tl 4 Li..il 4JL.IJ ksUatl (jl .(jlaidl ^J4 ^dc. 3ajj*j V CjlsLLdl (jl 

0j3all 4^1^ (jc. .(13.8) J (12.8) J (11.8) CjL/jlU-dl ^3 ( a^a J4iLa 

ikljLtdlj N jl J j3 L& JJ^ j D ^jdaS (_^d (jULa. 4 Li . Lil <jj~v ni^tl 
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P = PoPiN 3 !) 5 



(14.8) 



411 J jib (P 0 ) JjliiJl (jl 

jilj La^jc- Laj^sC. P 0 A_aj3 (j^S'vVi .(5.8 JSjjill (jiLiJI (~P /N D”/)J.) 

. (jliiJt l ala. alii ^■N"\ ’i jl_j j ^ 1U.-J cdijj £jLail ^C. jJ)]l .4 . a Aj_J§j 

V (jia. ^9 & (jjdiujjj (j}^ - ^ILa* 2 jl-iiaJ Po A-aj3 (j^aiiijj 
.(Scaba type 6SRGT) UIuj ^ y (> jlii. ^1-ikiJ oic. k> j^L (_>blikjl 

Jlla 

iLa^aC. t 3 > ^ail _jA ^aJI Jc.lLa ^3 ^j.!y ■ XV I Jsj f. 12 jl 

(J.3*-aj AjiaVlg 11 C-lU>.ol^a]l (jaiaj Aj Clllclaal! a^aC. JelLa ^_3 AjI2 

^jlaS i 1 00 111 ^^jlc-liilSI A a-s^> j iLj Jc-lLa ^La^j! £jLa 2 

**J jS ka.LaJ! Jn» .> J g i ll j ((N/lIlVs 1.67 j) lwiTl Aj3 4jj$j]I j3*-a j <3.5 
2 j J$1 s jjSII (Jij j 1.75 m jiUJI jl»3 j 4 jIj 2 (Head - space) 

Ujli cp/V | = kW/m 3 

kj a = 0.05/s :( 1 0-8) Ajjl*-a : diLc-llill 3_^ac. (J&lsu 
kla =0. 14/s :( 1 2-8) 4Ll*-a (Jfrliu 




10 100 1000 10000 
Re G4 Al> £*' j JJfr 

• (Re) jyjjjj j»3 ijl AJIjS j»Jfr liljj £h* (Po) (jjliiil s jJill j»li ji I_yaxj 5.8 JSJill 

ljIjAuJI _c 3 Juj Po A_aa3 ijjSZ .Aj^jJ) uLxjj . ■ j U . ^ . M ^Uaj 
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(jlii. 4Jla, j 1.7 6SRGT Llloi (jliii ^1 4 uiillb Ul .5 AJulj . ^ - ..lyiti i"i. .ill 
Re 4jua £.* fjij&s- lj^Uj L!U$i ^li jll oLj^l fUaj ^ l_»i . 1 ^ (Prochem) ^jjj 

.(Po = 64/Re) (jjlijjj ,jlii j_jJI 4 j< ,i i' Li i JllaJI Jjiu 




4Jtl£ c <lLHLa!) AjfrjjJI JaLjjVlj iliilfrLLaJ) ^ ‘ aSVI Jlj 4_ilaxJ 6.8 JS-LSI 

4 «aj°i ,ji Ua (_>ia ijLLi .(13.8) j (12.8) j (10.8) CiVjbuJI 4 jth. «ll jUJI 4 £■ ju 

1 g till JA tiiilii U& t^^La-iilV ^ jj lauij Lf lc- ^jiaj ^iil iiiU-Uill ^^2 k h , 

.4j^LaJjVI JaLuijSlb 

0.49 = (0.10 mol/m 3 - 0.5 mol/m 3 ) = (C-C*) <^5 J <_>=' 

3 f. 3 

op. ^ t0.024 mol/ m /s Jaj Ji*-a jli unol/ m 

Cj^lclio jla liA (> .(Jjii-ali (_P=^ gi 0.070 mol/ m /s <jj^ 

I g n ula^a . ^ nmi bllij t" \l ^ jj£lla |_K .1 ji J^T.'n.nj dilc-lsa]! sA^c-l 

ojlS 2^.1 ^Jl “Ca-Ldl j gyaail (Jlxd (_£jLuil4l ' g / n (jLa 

.(6.8 Jiill Lay! jliil) jS ...Jai 



JajjiJI jjti t4 i)ii-\ll 4yjg CjUjISLII Jlc. jjSijp ^EVhul lie- 
(Jylijlt ^41 S jjj 4 <■ " l\ » Vi 41 j£uj II 1 g > I JjJlUj /j . ujLai] aSjLLlLcJI 

t5 £iL^ jg 1-i.a j 4_i]lc. 4ya.j jl tilli (jx ^cjjj ,£jL4l (jLjjji 4_ij^. ^ja 

li& .<*4141 ^c. jjll iuoijll (Elastic) g4=»lk<> J (Pseudo plastic) 
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AjjJI aI 1 VVm ^ % .all Jl£]l (j_J^J LaAic. f.^joill (Jjaaj dj-d JaaJ A3j 



Jail' t_Jidl aj*jj .(Xanthan) Jliljll Jia .(Polymeric substances) 
Jajuijll J Tvs II oj;;5 dl&la3 (jjJj Jl (_£Ayi La^i dlelaall ^LaAil Jj liiya. J"i 51I 
. dlc-laall lij j! ax- j^j i . nmi Jil y Jj j ^-s Li Jill yl La£ .jLall ^c^yll 

JLaJ A_3 Jdall i SjJall i" '.Vi . o jjt m^i ^Jull ?r In . 31 AxJjjja yjdu aAI-j A •> jii5j 

.ojaJII Ajjjall dLjl&lLall J lm Jii jUaal dll A dlelaS A hQLa 



^ya jdi JJc . Jl ^jdij j . A ^a. j A l-i ml yj liLial I d (jC. (JaJjdll (j£jaJ 

^g2 All Ja d Jua o Jaj Jail Jill (llTim ;_J-a Jiil Ia Jaj) Id. ’i jjdaJI dlclaill 

Id ^cjil . k [ Ajd JL 4ajJ]| jjjti Ldj tilld . (jj jl 15 mill) /_^Ada]l .LujiJI 
Jc. o j5lc . J.ma'l J.jJS ojajlxa A ■yj"li5 (jJj l jLall Ax-jjai J (JaUajl ^pa jijlj]l 
dlj AjC-jJI lnl mj/l Jl Ali.lA]l ijAall Jljal Jl A-sla lilliA <j_Jj LaJJ uilli 
Jjlaij Jl (JJa Lxa jJI (jjj Jliall dl Jioi i—ala. dl jaail ; -»-sa Jf lilij j iAjjJI 

.dlc-laall Jaail j (j^aall u^iu 

JDLi. (jx Axalxll ll IiAV I Jl oAa*-allj A_Ldj-a]l dljjjtill od ddj Aal 

^jljj l'i^ tJJ, n JalxSI ^I aVuh Ij ( 13 . 8 ) J ( 12 . 8 ) J ( 10 . 8 ) d^Ab-all £AjjiJ 
Jc- ^Jaj Jll “CSjAdall (jAaljajl Ja aJcj . 0.9 Jl 0.5 (JJJ SaIc- n Ajd 

IjjJll A_iaLaAjl V i JaLuijI 

k,a = 0.002(P S /V, )° 7 (Vgp 0 /p)°- 2 ( M /mo)- 07 ( 15 - 8 ) 



^(Pas) ^ = 0.05 ^ jjSS |i 0 < (i jjSj jiji ^ 

A^.jJ)ill (JSj^ ^£iLd^ ^jLo (Jlo jSI c a jx^ai lij 

(Dllatailt) JojjAj ^jLc JLo jl 

I (Jc-lLall 4 ^. ,jjM i-uj j[L<i jli 



n = K y n - 1 



( 16 . 8 ) 
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(j -c JajaijO-G l jU ^ (j£-GJ A_ilc-J 

Y = ION (17.8) 

JJ J& (Rheology model) JjVI ^ n j k J juiu 
.4.0 J) 1.5 (X <aj 2 ^ jl Jj e'n% C% a Ac. K ^ nJ Ynj lAjjyaJI Ali5L]l 

(JjIjjoJI J 1 <n A^ya a/J . ,' V .1 3' lil > »i jV I J il>n 4 -ojs (jjjj 

.(Newtonian) J yj jJI JaLm ijYI J n = 1 qJj J 4S.n*iJ 

: Jlla 

: 42121 ejlL^all <1 ^ jya. Jc-lLs J 4 _j 2£ ^^fnuNj { _ s c.jj ia^j 

J jlj/ejljjj cijNs ^a Ji=2l 4c-jxu 0.4=n tl = K tj2/j. 30 = Cx 

0.13 4a.jJll 4ji (jl U^a-j (17-8) j (16-8) (jj2jl*-2l ^1 av'i . J 

^c- j j iauij J Ji - ya (_yo %51 J] kj a 4J c2j=J (15-8) 42U-2I i _ u»^ j 
4 cjjo) jl AjjyaJI aJjSJI jjj *— kc-L-isj 12 e'vWj.n liLo .4=>.jj2l (JjIs 
Jj kjE <y}3 t2 = (X 4a2j 4jjya2l Ajjfdl *— ic-2*aj lyjljaJI) 

.%69 J] k la 4ji (J J-sVhuj tJjLiJI 4c.jjai 4ic.l Jlic- %19 



u*Lall Jl JU1I <> ^ JiUI 3.3.8 

Liquid- solid mass transfer 

^A <■ ' 'l><o ^ . .i (_y« jl Jj jLa eLuic- JNa. ^ jjaill AyLaC. i Q . -> j ^jj 

oi& ^J kj A^u3 .x2*j . JL2I Jl _jl*JI Jjf2l J2I AyLoc. (jx (_J2 

jjJI ^JauJI 4 ~vl . .i^ A^yB 2yyj JLyj 4 4 _iL* 2I/ jL2l (j^ajL^aa. ^Jc. A a In u/ I 

ellVLaJI J Ojlc. y h<-iH Jl JL2I Jjf2l J2»ll A Jc. jlaj .Ayyj^j oj_y-=y 
jLall s-LuaiJI (JNa. 42 J' 1 ojLail (JaL I yylaJ-iLo (Jc.li2lj J"l51l (Jaill Jj3 y Jj jjl 
(Jaijj . J jVI ojLail I.4lg"n>rhn jll <J -S .41 CjUjI£]I da.ljjj Clua. A n J' Jajai Jl 
(Jlaj Lq 121c. . jLall ? J] frLui»ll (JNa. Ij» j A J» II ojlA Ajjiall ^jl Jl 
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J3*a J J\ t(Appearent kinectics) ojaILII ijjAi cjYLJl oA 

jjl3l5 JaIc. 4 <1 .>11 (j^lj t^jjaiUa ^n^ii i— L^ajj Ji^LLaSI Jc-lailt 

kjjlla J&liiSI J3I <— iuoj] (1 Jl 0 jjj ^ jIjpj cjl) (Effectivness factor) 

.Jail! Ciil 3 .w a J jSlj 4 Jelioll 

UUI oUuaJI Jib <J&I JUI 4 . 3.8 
Mass transfer inside a solid particle 

JlaiiVI (jla 4(_£jii jl 4 ;i^ Jib 4 lnii diljjl£ 3_ja. j 3ic. 

^3 klbdl o3A 4 " I.'i-N J .(_£jil “Co jlLa jLaJ 39 4 ij.I'nSI ( J .''.Vi A 1 -cLujI_jj) 

A ;l..n Jib kSJJI s-liLa LLli £a JaLuSI 3 ie JjaiiSI C'IjSaC. 

o3^1 4J.nl 'a i bi j £aaj j 4^ 1» .^>11 jja .(Allginate) ClllilJVI ^LLal jl 4 aaLaa 

lillj (jc. 1 jjj£ 4 . qVii'j 39 A n 1 -\ SI Jib Aj^-naSI iilljjl£JI ClAlclaj jL/ oj&lIa]l 

jiu Jl IA 3 _j*J .kljjXA JJC- (jj^lLoi l3^Jj ^sIxaS! lAlill J 4." 4h*i ( jll 

39 J 4^ Jill JS 1 I Jail! JUiJI JaU Jl AibJ .UAiil JJA 3 I ^JjJJI 

- A 2 . ■N. II Jftll ‘LajlLall JaaJ (_^3ll i^A^Axll JlLtiSI JaIc. JaXJjaJ 



^.■a'vvll Jiiill JUS CliJ-abca 3 j 3 ^j 4.8 
Determination of the volumetric mass transfer coefficient 

(jjj La3jc. jl tkj a S AjJjJiill JSllj 1 a'J A La »'ii j\S bj 

Jalill (jA 4. aS^A jl JaC. JJC. A Jj A 11 <JjUl CjUx-UaSI balail J CjLuiLiaSl 
AlLiJl oA J JLaj 9 iojJjSlSl AjjJiJ lilLlc-liaSI J JAJ j& La£ tAj3l j^aSiVl 

.(Model fluids) J^ 3 jL j* ^l 3 iiJ 

Jii£l JlJaj (jJL 39 jll lilbJJ J J <j-alill <3jLa jIxaII J JL 

J .o3j3aJl 4 _JjliJI Ja 4.1ui.1>>i ^JakVi aj j! toLlx-1 ^aLja La£i 4 jAI jl 

j\ Jj Jl A n-^C. “bbil £a Aj-\ IaII Jail ~s all jl a All JA 44 _}Jl_jAill ^jI_jaSI J . ’’i'i . M | 
(j^AJ LaS kljlala 0 jLjj ^ L.»"i 4 ^ jlll (JjaI! 3jlaiS 4 Ljj^}jJa (jl£ lij 4 Clll^)A : ll jj 5iLjal 
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a]\& (Qualitative trends) ajc. jj J J«^ j c CLLJ Jull J <*ijS 

;4_L<uaaa3l (jjoLjaSI (jjja (_ya lilliA j . dll jjillH 

ji J-aJ (Jc-lij Jsij (Ja^V .{jJLmSJI JcUltl ^JJ^3 • 

Jaj Callup (_p3^>ii3 . JiLiauS. (Jclij (JSLi, (jx kljiCa]l Cjljj£-ail ^liiij 
<cjjoij .iui£jj ^ill t (Sulphite) JLa*jjoil Jaaj tjji-s >.SVI 

<AJ 3 t-jLuia. JuUJ . Jiaaj (j j-S miS I -J39.3J (Sulphate) ajUj Jj£ Jj 

Ja . d n'n ^fdt iiSv\ g'lm l Jj*-a (jaiUa Jja Cf" (8-8) khl*aa]l ^j-a kia 
Jo J^aaJlj .C* (=p/H for oxygen) j Jdcsulphite/dt) 

Jj 4-JjLaaa C Caj3 jjjj L_ajJ=JI s-lalil L_i^j J£1 Jtij 

^jJ £-a Jalijjyij jJJJt ^C-Vnul J-aJ 11 1 " 'J J J' Jj-o 

J ((lift djuaj jj^a^VI) (Glucose oxidase) jJJJI 

Jjj ( ji->..SVI) (Catalase) jJdl£ll ^jJj H 2 O 2 c>* K.'^ ^' ^"'“1 
(Jaj NaOH JlLa-a ^', 1 -s'nul (,J-aJ JlJall (j-uilj .(Lift 
.(OH £-a 4x-jja u CO 2 (Jc-Liuj) (jjjJLil 
SjiuM “ULa. J JLau J J-iil I jlc. <jl JJA-3J .(jJLjjAJ! • 

Iajj .C 4 x>jq\ ajjLui^ C* <-<uS ,jjSj diiakj (Steady state) 

^jl\ <L<u3 Cy* aj_^Iaj (JJ> ^jiLawi <L«u3 <c-jjoiJj jj*'n 

N2 ^ ^ N2 cJ*^ C-ljg-JI (J5LaJ cJULdl Jjfjoi ^^ic. 

(j-oj <dC/dt ajjLola (8.8) Ja 

^>1. w'utilj k^a ^jjVi ^-i (j\y >n^Vl ^jjjLiill 

j-dl CjU . 1^.1 ^ ^3 jjjanll J^VI (J al'sVl .4_1 jIx-a1I 

al,)Vu J QjfL ifijlc. 1^, Ajujjjj 6^A ^j! . \ g \Vt 

.<SL^JI ljjiia-0 AjL^JjojVI ^JJjoj *>1^1 
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Jja La jLij) ^jiaj 4Xj a! ’ . >.'l kja Jjjaj ‘ "^' JjSjj uu ‘ -iAju 7.8 JSalJI 

(_j-a kjil ‘Lu£ jLa-j| (jLaj U-lifr JjUSI u^ail ;j-a (q) ti&lg'uiil 

. Jlii!) Lf l& JjULa (C-C*) 1 ^j^ujjlfr jiil Aajj "I; . JfrLuaJl Lf hl&S\ 

Jla*U ja^C. i. . l~sj^ 1\ | tl 1 ^Jc. j j& l_JjU-i.a'l jlS I jj 

(j£LaJ .4 _ia 1*JI %.a\t j i ' 6^11 ^ o j CjVjl*-all jl 4a^.j^xu]l -»?-i ill j 

jjjiaH J.l-y-n.'k' ki.ai (J£joij UJjll ^ jl_>-ait ls^ Lu^jaj kjS ^J3 Aj-liJ 

(Steady - state reaction jSiuudl Jeliil) 4ijjia • 

kiU t^ < s\g"n»u' A_ij j A^^Jya ^aUaj (JLaaJxul Aic. . method ) 

^lJ3 lLlsIS Ijj t(8.8) ‘djljtAi! ^ya Kja L-lLoia. (_j£uu c(Ujl£) e^^Uiui 

j^j jjj£ C j C* (jjj cJ£ lijj ‘<3jj*-a C j C* j Ja 
Ja (OTR) ^-aja ^jSi > u (jj-s >«^VI Jl 4 „uu.i.\Ij tJliLdl Jjxu ^^Lls .Usl^ 
(Oxygen mole ji^sSu aA yA jjall 

(jU^jui ejy^xAj Ijjj ^ - a (_ 5 jliSI ^^>^-aj iJ^-3-a ■3j& fractions) 
(Uptake) 3^.1 J^*-a = qi-s m^VI (Jaj Ji«-a) ^jUJI j i_UJ.il! jl*JI 
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giy^l Idd l> C* 4-d i _ Unv t(OUR = OTR jt tt^auu^Vl 
. i_ulj]| (jj^- ■ XVI i_Jaa (j-a C 0 $.Ij 3 (jfLaJj i(P/H = C*) ^lundl 

(Dynamic bioreaction (^S^lLI-ill ^j^aJI JcliLSI Aijjla • 

N 2 — j J y'uuj jl tiayo (3i*j jl elj$l! Jjid La-iie. .method) 

(jdiadj . (_$ jld ji-s kja du3 ^ ; 1 A 1 ^3 

tdC/dt t<— J_jd»i]l (J-laoa J l_uli]l (jj'N >"^VI jj£jj 

Jjl»-U.u (j^)i.l o^ys (jljjju: ojl&l dj .(q) g'nuVI JjixaI LijLuia 

i—lLuiaJ (8.8) “djla-oll ^I^VuiiI Ldjl (j^oJ .-CiL^ayi 4du3 jjJI jjSijjll 

iiUj£ J=t^.V) dC/dt+q -did <j jL.>..« Ja (j j 5 l > « dna. t k | a kdi 

Jal) JaS3 0 j i» >.->11 (_jjal _j^.Vl (_^3 “djiall oi& ^I^Vuiil jjSu&j .(7.8 J7 will 

Adlada jj£ll cSjtiJI jjUI dlj j£-a (jV lilljj t(j!i]100 (j-o 

(jl l _ 1-N.) jj^^-all _jl*JI I jl) No jit jdj dj ^ 2*. *s II ojjj£, (jdl_ja.VI 

(jj t(JI_j^VI jSi ^ .(f.l_j^JI (jLjjjui Jlft dj 0^-0 <jjj£j 

.A > .-> 0jtjj (_5-l c - (Jj>«->^>ll ^gjoiLuil j^sl _jA £_1 ^)jji j 1~s >,N (. _ l)-i^ J j 

( Jj^\ JUil yi-vJVII I jjjU 5.8 
Effect of scale on mass transfer 

Scale up frp y u a jfl 1.5.8 

4-llc. jA Laxi Sjlft (jjuoa.1 ojjj^II AjjJiJI C^ltlLall ^3 (jj-s m5VI (Jaj j)j£j 
Jjau .3dlj^)]l ^jU^ioll jl dll jn-vall ^3 ^.iVnn'l ^^jll tl j» >.-iVI d^lc-lLdl ^ 
‘(c>' 0 ^jtc. Jail (jl JJ tilli ^3 ddJj-oll 

. ^ ^ ilildJ \\ ^JjjI JIj 4_lxd J 4 _^Luia 11 (Jlc- Jnx-Jsj 4jl3!j 6 J ( Jj J 
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Jlj-4 



4 Ijajj.A’iA QlQ AaaTiq (jjjll^ (jJc-lLa ^) 3 k ^ ] 

•• 3 3 c 

•A_iJodj . 100 m (Jc-liij ^ 7 . ~s { xJLu Lua 0.1 m ojl 2 iu Jc-laj 7 7 . -%i La&jiaJ 



(Scaling up) ^.xill 5 jLc. <23 -0-5 l$j22 D/Tv 5^ j 3.0 ^ Hv/Tv 

S' 5 * • ,. 

4 P/V i = 2 kw/m 13 jVS Jc'li-dl Jl s^pSlI 

Jaa xJa (3 ^)^ CIijIj Jaa A«a JaAjjj^lcj lwill .A2C« £.1 ^J! 

^a-ic. (_^aljpalj . Jj 2.45 a^pii ( 4 _iaJ^)]! 4_^.LuuJI 

0.24 3^>^) ^JjULdl Cll^)^.l jjJaJI ^ L-Jja>s‘i 

:(0.10 mol/m 3 = C t jU 1 d&C* = mol/m3 



0.1 m 3 : v s p 0 /p = 0.007 m s -1 , ki a = 0.046 s -1 , 
OTR = 0.022 mol m 3 s _1 
100 m 3 : v s p 0 /p = 0.071 m s -1 , kja = 0.145 s -1 , 
OTR = 0.071 mol m 3 s -1 



(3^)^ (OTR) Jaj liL* 

jjlj .(^2! Jill tjc. mol/m 3 /s 0.12 J 0.07 = jj=^Vl <J2 Ji*-« :cJ _??2) 

l. n»nj (ill jj t . 7 k-N.ll ojjj^II 4jjj^J| d 2 >lc.li 2 l ^ Lllc- Jj-la. jjjT> mSy I <Jii J^siaS 

: 52121 oJjL 2I i_ijj!2l 



i jjjSII ^la^VI dili dil 21 f.lii <j2jjl2ixi diLij» >^-1 2li& (jj2i jS 
^jL 2I (Jli2l diljl^c. jli lilli j^lc. ojlilc. .(300 m 3 <j-a ^>i2) 1-^ 
^^Ic. (Ja i£j l.igjj t(Jc-li2lj ^ViSlI <Ja2li 5jjlLa 1.1a. A ijli.i ^u^'i 22a2l j 
^(i£l ^Usi) 2 lljl21 4 jLoC. dll A^*s a <jl Lafi . ^jja^jAxll (Jc-li2l (Jl*-a 



3 s 

dlli ^ 2 j 12 .5 kw/ m ^ s Jajuj j!Lc ^ j' c * 

< (Mechanically damaged) LluKu cjUjI£11 jj^ ^ 

. ! 2 udik 4_Jlc. £)jft Ujj jUVua.V I j A^Ua]! s ^j\l£j ^jl 
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0.10 -lait jJrallj 4-igJgjaJ! 4 £* 4_aj 3 (j.3^ c * 

^ (Compressors) CjUg^LjgJI c_lKj jli .m/s 

AixjuLj L_jLut^. ^^Ic« AJlxJI ^j^^aII 4_aj3j 

cilli ^Jj <sLiJaVLj .AjfLijl^JA L^LiajjV Ajjuj!^)1! 4_^Luia1I hx k^~x • 

Iaa l.jJa.jl JgxjJgll (jli 

j ^aj]I Ja-uXi 

JgiuJg]l . ^JUia (J£jaj Ugj»\^A ^jlgJI ^)L±ic3 <^j£aj V • 

Laa Jc-l-iAll ^jig^g. ^3 djlC'laill dlxij j)\ 1 aK ^ u*gqll 

. J£l\ JiiU A*ilJ * jill Jj^l Jj 




^jax 4 JIj ^jj .Sjjuill AjjjgJI lI^^Ua]) /jj-v, .xsfi JaJ j ^jIaII <jL j^a 8.8 J^aaII 
oiglj ^ 111 jLaaJI *1 (^)ljj<lll <Ua j^ajS ^ U (j-a Ajjjlil AJLLjaJ! /jj-v , 

(jh £)\y*u<i\ <jt$ tJjliaJI ^1 Ip jgjj Jc-Ua]! ^ jgJ Ig. jig JjlAgJ) <j-® C 5 ^ ia^ 
(jljjJ ^JajAfcul J^L J^gj £)i <j£aj .djaSjj *J' "J c J1L Laa jjSI (ill^Lluiiuj *utgJ) d A& 

AjjLaa £jLaII i&jAj lajI£ lili .10m ^A^uall ^jj)4-\ aII (j^a ^gJI Lj^l^liA ^ £jLa]| 

.10s obj^ 6-0 lm/s 
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Jgj*!. Aalaia ^jLi. lifiUal (Jaj la.jj V Lalic) jjlSJ Ijatil jJc.j 

J (jl% m^L/l (jli iAlic-j .“UajjauVI J (jl> L _1 jilaj Jj3 10 S 

Cj jls. t. _ nVi j)£Laj Aial£ A=k.jli Lille- (jj£j (jl 1. 1>; (jlajaAl Jqmll o 

(jl h~sL/ .^jljll jj 3 SI 1 jjjlSlI AlLaJ IjLla j)j£j (jl (jSi-aJ LJji^i'i 

(C- A*3llll 0 jail jjV ^ V'l^sll Jaill (Jl*-a (j^iq-sjm llA (jl Jl jaloi (8.8) Alll*-all 
.Alllc- (j j^'~1 » >1 C J C* j (jV J (Ailaaija Jq..ill (_>*asll J C*) 




tjjjJai! jj« . LjUiae f I fjaj^ (jjjjj . 4 j-« jjLa jJLd JelLa Jfr Jllla 9.8 JSaiJI 

4_ii jjuj JelLaJI *1 lalml j£aj lilijJ JjJjS .3 jjjHI AijjaJI liiiltlLall J 3 a iA.". ,. a 11 

.(dispersion Culuflll <_hmu j-a) plug flow mode SjIj^JI ^L>ui JxaL t jy^jj^l 

Jjj lljlc-lLall J Lnmi Uajl JifUl (Jaillj (Jjl jjjiII (Jlaiil i"il ilae. 

(jl i . 1-s . J ligJj ‘tJLi.ljUJ jLall (jljj^j Jj^ll (Jajll (jl .10 m (ja jli^l I g 
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«}j^g]I dL>lc«li-G Jaj A jlxiC. /OVi .1 x-g LLgLu 

o-Lac.! Jaj A \\ac. ^jjj AjjlLoil ^)g hTi j . (J^AdJI <iLllq ^3 Aiilidj 

J^idJI A^IVug (jxyxxfol] JSj Jdt-G A-gj 3 (jl Aii^ad-G]l ^^Vl J djlc-lSaSI 

.Ja^3 (JjladJI J (JsiSI A-gj 3 diL (Jdda 

.8.8 JfLill ^ (Circulation loops) <jl jj^ll LjIL jdLl ki*b\ 



Scale - down jJL^SI 2.5.8 

Lade. diljjxj Aj jg ->^11 CjUjISJI ^jlxj J <jd-Gj tlLLoj jjdl Ld 

jjc. diljjjL Idfe ^ intij dij . iS cJc*^ (jd jdl J] (jl£-c (Janj 

>>tM1 aJL^. idj3 (jl (. # i>j J^LolgII ai A ^ nVi' .^jdjJaoll AjbaC. £.LjI AjjC-^g 

tdll jjLuII Cj jjqV'i (j^ A-Lu^g]! dll JJjLII (JJJjd ^aJ <j-G j 4jx >^G 4 jiVd 

j\x win <jd-GJ Udc. .^vn'nII jjiu-a (jjji^ ^UaJ A_iLgC. ^ ^hl ^^jll 

A_iLgC. Ai^laJ Igjl jjjL (JJSll j IfrLqit j3 J ^^Jjdll (Jai5l (JLg i ^j^.jJa.ySI dlldl^-G 
^vWi j cAjLiSJ Qjdll u' V ^).}x j^ra.ill A jhaC. ^jj lAqyi^llj A-j jlj^ajfll j 

. J^ldlL I g ,Gg 3 i._ lx-^ra.1 Lg-g 1-1^. 0 ■ V^x xa lgj| Led ^j^dgMI G_Sj^)la 

. o^iiW AjjoiLIaII (J^l^JI c 3L^ ®*^ c ' 

‘i*gII cillj ^3 ^JjAILg w JJ-^iLg ^j-G ^j^d-G (Jc.ILg ^LVumI ^jd-GJ ® 

Jdd tl*Gg \n £jLg]I Jajai^ll (j^-JJ^ A_iLgC.j t (Jc-LLgII ^3 A_lgAI ^jjdVI 

^jL^)jaJI cillidj (lA^ U^L-5^ (Jdt-Gj ^jd^) j)j>^g^ll uj -9.8 

(jLljju: o-ll^. QJJ>^I Ja_jli^all ^jl^jj (_£ I toj_jj-iaLa (J£ ^^3 

.(Plug flow) 
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jl A lin.n A n>iUj ^ J>^> ( 1 '**''" CjLiLafr 4_i^3U<a CjIjjIj jJ_^iaJ • 

I Vnul j ^3 l^oC-Vunl J^CoJ ^jLall (jLjjxul sj jdalus 

. jj* i«-i'i\l v_JjbLj a . .V' 4_ajlj]l CjLo_jl*Ail 
A±a. J5 /in ' g"nm' m-s jj^v jl nG 4»aiajt ^l.l-s'nut • 

. kjj^jx-a (j_j£ils sjllii-a Cll! jjliuil 

CLut-a s J j ■ ,-i ' ClAjJ-Yt ^3 £jl^all a3& dluijJ • 

AjjjMI CAlc-lLail ^3 Cilj'iM ojLall KK j ^ja^uS^I Jaj CllLlLaC- 

.S^uSLlI 
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1-liSjA — Aa^ a] j 1*1111 diilj AjusIa 


Nomenclature 


A, iauiSj) 
«• 

2 

(ms’ ) a 

(m 2 ) J*J1 jJaiAll AaLuw A 




(m) (jia jxll B 

(kgm" 3 ) Aaluall JjSjj C 

(kgm' 3 ) jjWI JaSji C 




(-) gjSS C D 

(Jkg 1 k’ 1 ) A^jU 8 Jj* Cp 

(m 2 s’ 1 ) jLidjVl J-»bu» D 
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(m) Va*- 2 ' jiaa d p 

(m) JliaJR d s 

(9.81 m/s 2 ) J***jfl g 

(m) £lis Ji\ H 

(mol m' 3 ) Sjil) I 

(m s' 1 ) J 

(ms" 1 ) cJijfl k 

(-) (1.9) CulS K 

(mV 1 ) ^ ji-dl J'**- 4 L 

(m) JjW 1 

(m) Jjfafl L 

(kg) 4liS M 

(s *) N 

(-) (9.1) aJjUaII J *1 J J-V' JJC N 

(-) SjJSll P 

(Pa) Jai^l P 

(kgm" 3 ) jcUaaJI jjJall jj£j22l Q 

(m 3 s" 1 ) uV)-^' J- 1 *- 4 Q 

(Wm' 2 ) q 

t ^- 4 jj ^ 3 j 1 Q 

(m) jlaill (_Luaj R 

(m) jlaSli (_Luaj r 

(K) SjljaJ 4jJ T 

(s) 0-OS t 

(ms' 1 ) (i J jaJl JSlUI J^bu> u 

(ill 3 s" 1 ) t-uidl jl J&luuxll Jj*-a V 
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V 



(ms' 1 ) <£■ >uJl 
(m 3 ) jl\ V f 

(m 3 ) AmsJ I ^ V p 

(m) ‘UjjISjJ x 

(-) *> x 

(m) Jj^l Z 

(Pa) Li^l Jja AP 

(K) SjljaJI 4 a jJ JjS AT 

(mkg' ) *tuaUJl <&*£ *U jlL» a 

(-) jjUSI j*A £ 

(m) fLuixlt 4^Lfeui § 

(-) jjUJI jaA 0 

(m 3 s' 1 ) u^>^' Jj*-« 0 V 

(Pas) ^Ajj^' T] 

(m 2 ) AJSliAi) jl jSIujVI AaLuw X 

(kgm 3 ) iflliill p 

(rad/s) 4 jjI jfl w 

(Subscripts) 4 jaaa 1I (-ijjaJI 

ljIuS $ 

Jjt# 1 

Introduction 1.9 



^3 ^jAAall jj_jSj A*j ^ gYll A 1 _}a*JI jl (j^i» ill (JA3JJ&J A3 

^1 <*jLall Alull jl .Ijj UIaj as! tiilli l_£U. ^ <ijLJIj .(Fermenter) 



jjSLl A3 .4jjjaJI CjljjjaJI ^IajJ ^gi ^Wl j^aII ( _gA Ajjg ->^11 dlljjlSJI I^aIaaj 
el jW -a jl (Jj)\"s all ^Jl ojjia AajAsliI aI jm jl I g m3‘i 4-jj^ -n all Ajljjl^ll ^jAAaII 
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Cud Jk. j oa JmLA I j£3 j t (Inclusion bodies) ^LxJ JiJo 

jx£ji3 (Jllii SjxxSi Oj£a>. 4 •si ~s dllxA j j£x t ji logxj tf-Lo %95 ^l Jj^aJ 

^2 o^)*xxj (Broth) jOi-all jjxll ^g2 ^jXXxll jx£ji jXJ CiLlc. tdlxAj .^jXXxll 
jO^I ^ *Lall *11 j oj .*i&ll ^)X-Ul J 'j 1 ds. x ^ j’nxll jl£ ' xKa . (Jjl jaxl/ I 
(Jiuil dxlaJLtxJ ^.x.ul) Lax j jdV 1 (JSILxxll jx 0x0x31 4llx& jL/ 4-1x03 g xll 

Ak\j^\ dxlxlxxll Igj AixaL ^_ill j (Downstream processing) jja-all 
■LLili. ( _gC..l"n»M Lax IxLliJI iJ^,lo ^ jxxxll jjSj 03 j -(DSP) ^txjLU CajLUl 

i^lc. fj jjajj tl^Lax jxa^all ^La jjSlx os La£ .LLUJI oLa (Disruption) 

4a.l^, dllxA jj£x 03j j’Vixll 4 iVi'i A ilxe. ^ \x >.ri Lax i^jlixxll 4^xLxx dxlx£, jx 
oa 4xxV o uAI i"'l Ww'N ^ia :4x31c. ojlii 4nnn -r jVixll LJ lc. Jj>.ot J' Ji 

4ix^>lall OO^x ^^A JSLLall aOA jlj .%99.999 0^. ^1 o jUxll 4_a.j0 

: 4x31x11 dxl jlrsll ^Lbui Sole- t _ s x31 tdiLa. jnxll Jxx»a ^2 4xO-s"nuxll 

Jdlo jr jiixll (jj£j Ixojc. ioaa) - Cell discruption- LLUJI CLkk. • 

.(LLUJ 

.(JjLJI jc. IaLIajj LLUJI Jx^a) (Clarification) CiL-axll • 

j'Vixll jx£jx • 

.(dil jlai. Soc. ^a lx3l& ^a) (Purification) Cxmll • 

J 4i_ux> jr jxiall *lia&l) -Product formulation- jrjxixll ItLx • 

. (l—Uxlix (JSxX 

^^Jl ^liaaX dxl jIts \ 1 oOA jx (_J£ .Jxaaall lo& (jxLxl dxljlaxull oOA (_)£xux 

<aj^jlaj jsxaxjl jA S oOA jfr 4!ia^)xx ^txali La .S jgxu.L/1 jx JJ^I _jl -^lj 

(j^a LxaxOL/1 ol_jxj ClxlilOxll (Jxx SOe. lt, axi l (Jx!_^*Jl JLuiXjxiIj (Jxixxxll 

^cxlx IgJ Sjjlrs J£ j t clil j Its SOc. (jx Axixxll (jj^xx 03 .AaUallj (Adsobtents) 
S_plrsl Ixllc jOxx Oa %95 4 null V j>xs< (jl (jx ^aC.^)3l ^^Ic. .(^xl^xll ^ j'Vixll jx 
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A iLa* II (J ^9 ^Jl iS^Jk* ^ Cljl j>3^^ fi-lC- ■^j u 1 V] ‘o.ljiu 

^•VL . n (0.86 ‘0.90 ‘0.95 Jj A-ijyall Cil jlrsl l eec. n Jlaj ciua. ‘0.95 n ) 

(j-a aLIa C1i\_1a£ ^Lij J Clsllliallj ^LLaVI (j* ojjjfi CjLia£ AjjdaJI dll il,a»ll 
AjjiaJI dliljaJI (jUjj -4_iLil5 j Ajjd ^iijj (Ja.V . d jLall ..all l_jjj-a]l olio 

.(Thermodynamics) vii^Ldj^jiill J ^JjaJI iiplidl ^ILa J] j-Lid 

(j»6c. ^gic) Vj.)* 1 * " Cl aliljidl ^gJ! AjdlLl jjlda JJC. (JLa-dl ILa (jj 

.llidl .1 jaj l_LUuJj Ajjj*s 'I dLujaJI yyjit'l 'l* 11 .' td!5j (JllLaJI ‘ " ^ 1 r - ‘Jailll 

Jft i_Jjlalill (j-a p. I ja.j ^gjl li& lj jC.il . jAdall £jlj^ (_gi dll ;5 ja]I (j-a 

.JaS3 dlljMI ^gic „l<u»..i jl ~j ^ . ^i’iU j£^jj V 51 tA VtH o5a 

Jjjla add a jgd^l i— dajl add. ^jlLaj ^gJI (J.-aall 15 a ^3 J j>d. . . 

.^dadl Jl jjIlJI (Scale-up process) ^ddll dLLa*J djd 



Cell discruption t£UJl Aiiii 2.9 

ij^ Aj I—IjC-ja]! ^ jiiall jjjdi ^gi ,'lm-sTl ^Imyi ^gi ^gJELall AiJjla]l (jl 
.ajjladaj A L m AibjIaJ Ajic (Jjj^aaJU ^.auij Lm ajjluLu jjaVill £jLa ^gJI LLLaJI 
^I.IVI.hI (j£LaJ IA-IIc ‘^jldll ^gJJ ^jldall jjil V iSji ’>■*'1' (jjlSlI (jlS lil 

(_juJ Id j .^jliall jl jiU IgJ ^.a..ili J5 .'1 1 LlLLiJI jJjdl Ajjl jj]| A >.i,Vig II 
(jlsuu (jli Ajlc-j . jAi . Li^ jjc jOjLall ^ j'Vlxill (jjSL (jl (jSLaJj Ij^sl Lajlj 

(jjjia 0.1c. ^1 AVn»il .UyLaJI A 1-sl-s (jjjia (jc- jjalii jjl a_ia_i dlLa.jVull 

jjjialt ‘ ^jjj ■ ..y.j jjjq'n^i oiA ^nuq'i j£^sjj .Li^LiJI AiiJlAj 

(^Sc. (Non-mechanical) aJVI jj& (jjLlI .aJ^I jj& l3j^'j 

IjJjajJaJJ j ‘ ^ •v -a II ojj . s-i CjljjoVlli (_$ jlkua 



(Freeze .yqyillj ^j-a^aj La jl y^-s'ilL <■ ajN Lll) (Drying) u QjQ-v"\l 
.(Vacuum drying) jalL ^ LVL I drying) 

Ajj jjV' SjSII ^gi jjji u) -(Osmotic shock) aj jj^jjVl Cai^ll 

. (ajKII jlpaijl ^ ^gll J jN all 
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.(Temperature shock) ^-oeu-aJl • 

:ui]| <3l*i 4AIia£ jI ja <aL_bl) (Chemolysis) JjUJI • 

(J1W1I ejUujj! jl diU .>1^ jl tdiUjju jl t -s. U.i.ll 



.(ULJI 

:l^la j tAjlVI (jjJall ^Vn,n°i ^■s-nII SjjjS dll_jxaajll ^1 <iuiillj Lot 



.(Ultrasonic disrupters) Uj jj-JI jja dARU Jl • 
.(Bead mills) diU£]l jja.1 jL • 
.(Homogenisers diLdRJI • 




*r •* .. “ 1 

4_j Jau 

u^t | 


^La^ua 

Uid 






Ap = 20--100 MPa 



• LpldJI 4-LkIaJ :2.9 JSdJI 
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4-Jlc. Igj! V] t jn-s.aH £jLi (J£juij (jjjSl CliH -s l-s A! ^.iVuin 

<JC- jl iLjLij 4]I (jia.1 jla jj4lil . £ ~U.-i.all (_g jpuio IgJLaatJjail lie. l-li. 

tlL j4 j 1 1 0 m/S “LlSjia Aujjail) ^ jl (juIjSI ^glc (J j'lVi <ul jli.nl 

<jLa*JI £jLa oJjavjAl LALiJI 4 1-sli. ^aJJ .llTIlTI ^Ijiv LfcjlaS £lu (dlljji) 
A jl-a» II oilA jjsljj .(1.9 (J4 .'.ill jlail) CllLlj£L]l ju A 1 > ,-ilaLil (j^all (jjij A Jaa ul jJ 
LJlc- • j' g >11 £>-sl Ijj^. £ .li ) IL&j . Jj jii 4_iLaC. j2lM l ' ll)i~n 141 tojlja. ^tlij 
IllAj .(2.9 (J^Lill jlajl) c^jLalill ^luYI L Sj^A dlLuijl > all ^^-s'n.ri La 
£3.11 .(MPa) 100 40 £iy Li» > li tJLiL A i4 , gj ^Luui jc. o jLc- jl^aJI 

. LAliJI jlj.l>. j ; > uSi j A 1-sl-s (J^V ■‘L/Lc- <c.jjauj ^LoauJI jjjai (JLLi. o jki £jLo1I 
t Lin.li jl^a. (jjliUa-all .(JjLillj 4 Is Is 11 (j-o 1-lij-a (Jull i— ali. CjLLijujII L-lluU 

ll^Jui t^JjLuall (_pMJ a 1 j4]j 

uLuxLj iJaaS oju41l ^1 s s V 1 £-a JJjull jAS a. lsLx«a jl^a. ^ 

^Al 421& sjis CiU^a ^1 ^Ha-ij t(Highwear rate) Jle. jLijl Jh*uj 

Lj'^/I LLLi. A Is Is J.L a.: j! . jg s .all jjl41l ^Jic. s .all 4_ilLt3 l.q'. 1 .*.'.! . Aajij 
jl j^l jl j4j (JLLi. (j-a A mil sail 4_llaC. aJJ . jjLaiJI LLLi. jaJ j41 j 4 ‘Lljg >>n 
<1 jLlaHj jjs~~ 1 .all £ juaII jj4jj L. ll .us (j^-aJ .Cll^o 0 ^*J _^aj]l 

c = C max [l — exp(— K N AP 3 )] (1.9) 



Llilii JLoj K tLLLsJI (jas (J^lSblL ojj^j ijc. £ j"i ull Cmax JLoj 

jjc. Jlaj N t* ^ _4 j ls^ - 

Li» (_galikjl .jaLoj^sill ^C. L>» >^ll (_paliijl JlLa jA P JLL^. 

IAIjLuoII (jjikil \ g it m*s (j^-aJ ^^411 AT ‘Li.jlJ ojLj 
AP 



AT = 



pc p 



(2.9) 



(jj .(Specific heat) 4 jc j 2I s J jaJI C p j £jLo1I <3144 P JIoj Au 

dijli. ^llilii £ jVuill j ^^i-oll Ai^ii i. ilLi'n A 'ijljaJlj <ul!i]l jjc. 
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o e. & J jaJI g-lijjl jl .(Denaturation) jj4I 

.•“U3 jjJj V J t^l-uVI 



Clarification 



3.9 



£ys g-ijj . lAlill Its j ‘“'M-S.a SJIjij ji ull 4_iijjj 

jjl'nuij'ij jjtluaj ja Jjj .I_jlia]l ^ jlLall cs ic. Jjjlj £jLa 4 4_lLaC. 

CjLiixaJI AlIjiJ -Igil Laftj 4 

(ji VJ AjjjaJI AjjiHI t J.a»-'u.n'j V 4_ui£i]! oiA (jl VJ ‘ ‘ _ n 1 >1 jlill aJLuJjj £jLa]l 

.(Aglomerates) oj*£ P >A <1U 



(Assignment) 1.9 jUaVI 

£yt %40 ellLmjl ~s .all ^ya ^ jj ^3 4jl ^ j M ~s all (jai^»q\l ^Jal 

<J_jlLui]| dlljl^a'yi .Mpa 40 l*i» . J*i i” i Vi ^a.lj jl^yaJ -3*J (jJjj^jJI 

• Mps 100 J 80 ‘60 ‘40 ojl4La » >» (j^aliijl Claj %95 



Centrifugation 



4 JS>JI j*ifl 1.3.9 



(j8<ij3 t l ~~ 1 ' ,u.^ " (Jj-aai 3_i3l£Lll ojallj AjjjlaJI (j£j ^1 I3J 

. j j'l 3. all jSl^all ^jjll 3.9 (J8 >'iill .(_£^j£^ja]l Aiill (JLa*Jjaii 

(a) Jl>»Ml 0_j3 (jl . La&jJj-ij (jjjljLoLo (jiijjjjl £jla]l JjLtall £jJajJ 
4 £.jjoJI £J^oj (R) /) j jail J a ^ja <3L.ii.all ,W.i»-.i CliLinaJ! ig_ulsj ^lill 

:(w 2 ) AjI jjll 

a = CO 2 R (3.9) 



AjjI j]l <C-^uJI 

co = 2 ttN 



UrtVi 



(4.9) 
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O-iC. (Jjsjtjll Ccu3 (jl (jSi-aJ •O'O^ ^_3 JJC. N (JlLaj 

(jjjlaj 10 -3*-J la^alj Jj-aa]l j)l£ Ijl .(g) (J la. »MI <aj 3 Clll^all i— aV"l 

^Jc. o3& Jj^aall ^I^VuliI j)£LaJ l&Aic- <3000 g 4 c.JjoiJ (_£j£^ail -llill j)-a 

Oj^-all j-o j (j_j£j Qj.n^ll -lull o^_^J ^a) ( A-1 j— a-all (_£jJj ou 

cjliLaxll .(Jal ^n..)jjll kal^ jj£j U>J ^jllj < Jal (Residence) 

Jujll jWr^ :(_5j£j-a]l -Ifill i, y* (jlc-_jj t 4 .»jL.u e i4 laMnAill 

(Disc jJI qA J$)2 1 jl^?.j (Tubular centrifuge) ^ ^ jS >dl 

L 5 j^>d! lull jl^=v ^-bjj 4.9 J14]lj tStack Centrifuge) 
^. ' - a . ^'j (Sigma concept) C>n.i ^j^ia jU-=4' f ^uni..i 

l 111 u JJ c-lc-jS, ^jijVI (_£j£j-a]l Agll jlg^s. jIjjC. 1 jSusJ 

(_fatjj (jl kllaJI oi& ^ 1 Ijlc. .(JjajCill S j3 ^ 'ijbj £-a “Cijlj^. Aa.1 (jJc- _^Ja_^a 

. 4j^)1i 4I ■fc-jadl j A J .jl 4 c.jjjlII :4c.jjail] jjj^j^xs fua 




.(Swing centrifuge) a jjalLa ^ jlj* bj jl^ :3.9 Jibtl 
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Uax = 



0V 



n ( r o ~ r i) 



<U 

dr 



(5.9) 



jJakll Y[ 6^-3 ijf£U ^jUJI jJakll r 0 0 V C ^ J ^ 

l, Lai . &L^jVL AiLuiAil 1 j l_j^jl£}U ^^ikl-lll 

•^J^IaaSIj 






(6.9) 



T j ^^HxhaII (Jj'NsMl ^ic- <Li3^)la]l ^jl ^)Vu>jVI <C«^)j>jj t/^) (Jxaj l**3J*\ 

.(_5^)Iaa]l AiLaUiH 



t^y^x ill 1 ^ k^x \ CllV^Lt-all o\ A Ja,j 
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(7.9) 



dl _ dl dt 
dr dt dr 



dl U 



ax 



0v 



dr U T 7 r (r 2 - rj 2 ) (o 2 rUoo 



(8.9) 



I j ^^Ic. (J j)A^a^k\S (JxISjII 4_iLoC. 

To 



[ L Jf 0v g r°i 
io 7T (r 2 - r 2 ) (0 2 U oc J r . r 



(9.9) 



^al!) (Stock’s law) jjjla J^LaLj Uo*j 

j^gJauUjuo (^jLa A m-si <j3^Ia]l jl^jaiLaiVl 

7T (r 2 -r 2 )co 2 L 



7-v — 



ln(ro/n) g 



Apd^g 

18/71 



(10.9) 



(Gravitational j±h ^ juill 

:Z ^ Settler) 

^=EU«, (11.9) 

I AjAJJ.VlA 6^x1 2 (jliUjl 6 C_J^LujVI ^1aV*U)Aj 

tiV (r 0 2 -if) 

g ^ ln(r 0 /n) ’ 



jrar 2 1 

g 3 tan a 



cri^ 


(1—12.9) 


cAsj^ 


(m-12.9) 




(e-12-9) 
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S j^A.1 4jjlLa (j£*aJ 

. 5.9 __>lajl ioJjl j!L<JI Ji-sjMI o jSj ojjjSJI 4Al.ui.aH Cjlj “UjLaH <■ - 1J > >i jjII 
J5 tall 4_ilaj^}i^o ((_^al^)3l^ ^jliua j^ic. S^)£aI (_g j“l Vl 

o^j Cfi^. .(lmm <>« Jal) 1$ . >. ;-»» ., ) Ajj^) 3 djliLuwi ^_lc> Ai j 

2 s 

.2 = 0.1 km“ ! . 1 a Jl SjJua ^1 -n*\1 ^3 ojjj^ ^ j li m 4 _ ? lc. (Jj>^>~>ll 4is j >Ia]| 

IaaIj ,l_y*j 4 ^jIaJI ^1 ^jjou jaJ i"lVi jjAall J^La <_£.li-a3l (Ja.1i 

■ C5 » >« 

Jjjui Oj' jll £jLaH I_i&jjj ^ 4 lit .nil jl_^a]l liljJJ 

(JaV . djl j! .luiil j CliLiui jj . 4j jig >>ii j i . 'Win (jl ** JJJ’*. " ll (j^-aJ • J s' 1 "*!' 9_l _j3 

. _j\ ~\ JLl J)1 ^_aJI ijqiM i_1AJj .llA J5 uij f.\ jILaI l . 1AJ 4_a^.n_a]l CjVlaJ.'u >iV I 

(_jc. (II) jn Will (_g jliuuJil (I) i_l^)l Vlll ^j~s ..o' j 

:<L1j 4l4l5.aH 4 aLoui]Ij <iu ij -laSA 

n 

( 13 . 9 ) 
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2.9 jUaVI 

. JjluJI ^jC. c_lL_<a]l t(j2 ^l!ijj * ^j-o Clll ^3 

^l^.jlull j 4_liAjJa]l ^Iajj-vV' 2\1 .^i-v lilE (JajolJ 

o-aljaVl £ >j (> ij^jA ah 6 j^' o^c. 'a£j^\ liiUcj .c-u-jiaJI Trp E-Methp roinsulin 

4-Q£^)Lg aJA CliilS lij Lgj 3 t ^j -0 AA^S- 3 *aJ A9 

IgJ ^-cjoiJ ^£S \ %60 _^A Ac.^)La]l 4 ft<\\ ^^}^Jl) ^jLall ^jj .^lli^iuj U-a^)ii 

2A_i11j]I ^\ju^\ aJ A9 <_j-a! jffl\ (_£^ Aiill .AA^ill 

4 CL = 50 4_p^ax]l L \ x ^\ Ajjl^ll 4 z =: 200 (__>-al Jp^\ 



iV[ = 0.08 m jJail' tru = 0.25 m ^jU31 j^' 

= 5000 (rpm) l£ u' jj-^ ‘5 = 1mm u-^1 jaVI j# ksL^\\ 

1 xa 1 \ jaj L-oi. 

‘/?s = 1 090 kgm 3 i_iL^]l <aliS tpva = 1 025 kgm" 3 -k^jll kalis 
A^L-all 4 (JI^jjjIj b = 0.035 pa a^ j_3^ 

‘C p = lgF 1 udliil £_ _£iJI jjSjj i m =0.001 pa 
C = 0.025 kg kg" 1 LCUJI jjSjj ‘dp = 2xl0" 6 m kdJI 
g = 1-12% «.LJI » ja. ‘F = 25 tons k*ij <_£1 

.a!^ic-l Lama, A iL» \1 c-j^U^aII A*-uj i _ kaa.1 (1) 

jA aA^.1^11 (cycle) ajj.^11 c>°j ^] 4 .j\ax 11 C5^i i ^ (2) 

?dilc.Ljj 



?Aj^I^J1 A \"\^.W ^ <_jC. CjSliB (_ja .^Ini (3) 



Filtration >21 2.3.9 

j-s Vi .^JjoijjII ^Jh ^jLall ^gi <aia-all cljLll i*\ll t_j > ^-»ql <i)^}jall 

.(Porous) jl22 jl (jE. ap\ JC- _jA ^5^21 ^j 2 ija 2 I ^ 2-mil > dll n i~s \1 

^5*^1 i a><-) k<u3 L_i_ja!ll! (_3 _j 3 '.JJi** 1 ^ c. 5 » dlinaJI 

^jLa2t ^“9 *^j22j 1I dLin^JI j . .i ^ 5 : (Filter cake) 

. 2-i» .>>21 ^g3 (j^Lalt A ku nt ^joij>i 2I (J^ld 

(Batch filtration) jULjL ^,iVn.o ‘LiLx. j 

(Continuous filtration) j k i. ^ 11 2 jid r ^Idcdli 
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(Rotation drum vaccum U j-lll Ajl ClA^»ja)^}A ^al JlikJjaalj 

(Frames) I c> j±& ^ ^ a-^jIA^I CjUuijJl .filters) 

.^-uj^jaII AIa ^ a l a a^A .(6.9 



^jo)^)a]I ^Ac. ^ llj^ll ^al a^V I J)~^ V'lj £jUJI ^)A £j1a1I 

6^joi^)a1I A^jlSj jAll ^IaJ (j-O 

I Aa £ I ^j£aj • Ajt£jt£jl A } I j] j I cA.,i5Lqj L_±^J U Ale- . ^JaiuJall 



^jC* 6^jIjc« ^A <C-^)iA]l bj)\ Ajl^Ia-ujVI ^joi^)a (jj . A. a5Li Aa jJ jl ^.^^-ulSI 

* j^J! ^jjj^jaI! 6^1a ^Jaiu .(7.9 cJ^ juAI) ^.^aal ^j^^a A-ijt ^A o.a J AjJa 



t^^itAll C5^ ^ .Jra. .1 J> A-jl^lajaiVI 

A ilj^all ^1 jaII 1£^)Ij t ^A] £jLa 1! Jaijai ^Ac. Ail 1 (Jaxjj 



t^^iAll Ajl j)J^j.aiV 1 A^aa ^jajU .^^)L^JI C5^ A^x^ ^Ac« 

A_i1axJI A_A^_j Jju .^joi^aII A^x^s c, Qjq.Vt J JjaixJ ^A^Lajja Ajl j),J^j>a)V 1 ^Aajai A-jAj IaI 
. AjL^A/UI lIA^AIxaII aVij aJ^jujI^j Ajl^Ja-ujVI (j -* 1 Ax^x^ll Jjj 
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.d J-® *7.9 JlAl! 

<ja ^juj^aII ^awVi 4 j\aC» I^jlj 

£a 3 ^I.^Vnulj l_jjL^jJI 6Jia $.1^.] cj^-^ iw>a\ 1 ^ ^A^luiluj SjIa 

.(AP) dulj .J^jg x>a (j^ ^joi^JI J^qxAij .(Biichner) 

<jl Ia (j£Llj tAju^ui 4 _i1aC« I&aJVi ^ja^a]! 

Ja^jujj (jj .^saaLiillj J,Axa I^jj ^ 1 ^. ^joi^aII ^Jajoj ^^ic« A^jg^ll ^j^£j 1-lJJ 

tAjl^-il! .^a^jJaill 4 j\ac. cJ^V <aj 3 •‘Lc^Lg-a <!l^£ ^joiI^)]I 

(j^jlil ^al .I^klikJ \ n5\A.j 6 iA L Sx^a^l .^juj^a]! ^^k^k (JjjUL 

.^iaLaaJI JaLoj jV I lD^ uLij^ (Darcy’s law) 



AP = r](R c + Rml^y 



(14.9) 



(Jjaj 0v j Jajuj^ll AajILo Rm j AajULa Rc J -^- 5 c* 

.m/s s -^34 ^joi^)a]I ^jIaII 




dVf 1 
dt A 



(15.9) 
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A l^kJrajgJI A^LoiaJI A (j-^_j lD^ ^a^IiaII Vf (J^aJ 

(JS1 4Jj£j a Ajc-_jjJI 4^k»^\l ^LajlLa ^jIj 4,^* 4-ajlLa (jj .^juj^a!] 

: w 4 _^.Luia 



R c — aw ( 16 - 9 ) 



! 4_la-ujl w -^_j 0^-^ 



wA = cV f 



(17.9) 



J (15.9) tllVjl«-all .(_3 ^)a]I ^3 A il>.-i\l jIjaII jj£ijj C JiLaJ C 11=>. 

:<> J— J (14-9) ^hU-lb (17.9) j (16.9) 



dV f 


ApA 


(f— 18.9) 


dt 


cV f 

»?a— + ')Rm 
A 


dt 

dVf ~~ 


rjacVf rjR m 
ApA 2 ApA 


(m-18.9) 



: J-ISjll ^Lxjj 




rjacVf r v < nR m 

I dVf-l 

A pA 2 J 0 A pA 




(19.9) 






t = 



me 1 2 /?Rm 
ApA 2 2 f ApA 



V f 



(20.9) 



.-»jSnn.« Its ^Ic. ' Vf (Jjlita t/Vf Vu3 ^- Jr 3 
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t_ _ me 1 r]R m 
Vf ~ A pA 2 2 V{+ A pA 



(21.9) 



^3 ml j ^ W 4»ojULa]l ^Ic. J 

(jl (_j£LaJ a£*SH 4^ojlLa]l (jl . A-1C.1 ’ . .n oAswj ^-»j.a».n"i 

(j^fLj t U -lie. . ^iila .JaAjjj jULa dulS I 3j . m/kg 10 — 10 A-iIlc* 

<1 (j-c^]l L^I-^La ^-dl^ll (jl ^'LdajJ (jl^-oVI-J 



Vf ~ y/t 



(22.9) 



(j-c (Void) iSlj]l £^aJI Al\^ ^^A (ct) AjC-^aII A-ojlLdl (jj 

401 s 4_illc. ^laan 6 Jj3t x^iSI djL^aJli . A.inr^.11 <11^ Ljnjl ^^Aj 4 A£x£3I 

a!£jouJI . Ia.i^. j L£>lkJI (Debris) ^13^^ aj j * ^a c_ii*ja1I ^a I^aj 

50-20 1 A_LaLaLC A_LaLk djLll^. I^jai^)-ai3 S-lC-Lui/i ^1 y& AiljJaj (jj^)3a (jC- ojlC' 

^lill dlLin^JI (j-a ^£1 (j-3^ t— -fll jJa*all ^^k^k (jl . ^jLoj^)£jLa 

<- — al >.^i) 6jlc.j . Ajj^IiII (jc- )V4a aj^ILuJI a_i^£]| (j£-$jj . 1 g L^a jI^j 

(Pre-coat) ^ jl e-liai£ _j\x a Vjl ^ — fll xJoj » (jjJl.W^a ^-uJ^)-dl ^C«Lui-Q 

^_jjo^a]I ^Lui-g (jl . (_£«1 xa1I £_<q ^£Vlj ^^IJI ^Sk^dl Jatk-jj 4 ^Jjo^jj]I _La-uj 
IjlA jVbftll j)-o AJ^kx-<a A-La£ ^1c« (_£ dj^LjaS j)C- 6^)Lac« ^A .Wnjubdl 

(j-c (j£^j djI^jSlI ^)3aS ^lc« dlli£ Ct A£a£\l A_iC«^i]l A^jjULall Adixjj 

f$j\\ j± i*2j jl 4(Flocculent) (j^Ldl ajs ©jU 5ildaj J^Lk 

A_ij^jVI jl 4 ^ n^k II 

Concentration Jj1\ 4.9 

(j^a^LkllxijI L_la*Jj 4A T iix^aill A jl^C- ^xj 

(jl ^jS^ill AjiIax! t-dajl (j^-^ .^Ldl Alljl SjIc« ^ u.j liAj jfn^ll A )Vnj 

ojtaij ^ LS^ UJ-^ J jiildl (_£^a-<a 
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u±J (3.9) jUaVl 

(Rotary jLA\ “J j 3 l Ajl Jxuj^I £jIa]I ^jC. L > (_U-a 3 ^j^AJ 

iS j ^ cijU^ jx J ^aLou jjtij Jc. J ijj^aaJl j .vacuum drum filter) 

<S ^illj 6 jiLj j Streptomyces U ^ aj*AjjVI ejlilA* 3 l 

0.7 _^A A^X^ll (Ap) 3 -aat xj 3 l ^3 .^ajal 20 ^AaJ _jJa 3 Cj|j A_}^)j|.j ^Ojoi^J A_^.LudA 

bar 

.Ph = 1050 kg/m 3 (jjj>dl Aili£ jjIjj 
.C — 30 kg/m 3 aIi^II jj£jj . n — 0.032 JiLuA^ a n 3 l 3 _>dl a^.j 31 

:dia jil aJI.i£ a 31 HI ^jaI J ^jy~\ Axs^ aj^^j 
3100 , 2479 , 2116 , 1719 , 1481 , 1204 , 940 , 727 , 507 , 320 :(AJSj t c>jl! 
.550 .500 .450 .400 .350 .300 .250 .200 .150 .100 :Vr (ml) j^l J ^ 

.600 

•Vr 34 ^° t/Vr j Aj^aL^JI aj^^IiII ^ Wu (9 

SLj) R m A-o jILqj (m/kg 1 L) ot Aj-saL^JI a^x^II Aa jILg Ja^ja-o (l__) 

j- 1 jail . Ax.^)Aa] 1 S^)l _j3l Aji^laxuVI ^joi^)a ^jaa^'i 0jll3l e^A .(m/kg 

3Jdl .(D) = 2m Jadl :^a Ajl j]nxxi^\ jI*jI .0.9 bar ja Ap Jc.1 ^a 

.Ay = 0.6 7 i rad jJJI ajj! j t(L) = 4 m 

^_uj^)a ^l.lVuJ (JjA A_ilc. (_j 5 ^a j 1 3 ^*-a L_La^.I (^) 

• 5 jA AAiSaIIj Clsl^jd] ^Ac-Vl AaJl .Ax.^)Aa 1 I ©^ 1^31 Aji jfAax^Vl 

LS^ 6 jjli (jj^J (ji 1 >J (Jj-d _^JaijVi Aj\x>,C. ^3 ^xjLdi ^jc. L_lL- 3 l 3 **-^ el j! (j| (^) 

^^Vl A. )\aC. ^3 ^_uj^)-di lAA ^i A'ikixjji 3 ^ .e .^1 J AjlS 3 I ^3 Ja 50 A_^JIxa 



Evaporation jajjil 1.4.9 

. 4jas i _ nlall _jl «.La]l JJ~*. fl La (JjLoi AiL^Li 3— » . . 11 ' j (j) 

^^ic- ialiraJI i_li. jJJ Ii3 tojlc. jl jilLoiL/l ja^C- Jj i." )\ y jlLall (Jjaj 

JasJL A >>>q-SM l _ s 3lc 3-il q^»H jaJJj t(ju>iq-N 

Vi* >>ill (Jl jii.1 t. _ '-nj 40 °C 6^)1^)^. A_^.^)J ^3 (3-^*3! X\x °i . \a Irax x^a ^**^3 
. Aj^)U^A (^_3^)l^J Jl ^).^-U.\l 6j)n^k plAkS*\ L jikL .10 kpa J) 
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(Rotating vacuum ji* Jjj ^Lic- jCaa ..l.iaCJj ^jUill oiA pljaJ 
^ j c> jj^ia film evaporator) 

jjj-s unit ^Laa. ^ e-lall (Bowl) JJ.1J *(8.9 £-l^)iii]l ^Uail 

ojl^pv 4_a.^p (Jujl I Cjidl . JjLdl ^•N'S jLuiLa (jj~S I. H~'l fUaft)/ 

(ilJj (jl£ iijj 4 (Condensate) CiiSfiall si-all L ynkj lilljSj ^ jidlj ^Laai 

dlLa_jl*-a ^lft (Jj) ><*»*% 11 j)£LaJ LaS. . (jA^ll <1! Jli ^ jjV'all Clll*a jSJJ Lluilia 

‘(Degree of thickening) CfLaAll a£1<uJ Cs „ ja Jia Cjadl si* < 3 * CCa 

Jft ((ililiS. J . (jlllij! pljjl S_jft^)ll (jjj£j Ca.jJ j (i allill ^ jViall j 

. jl-lai (Jl-Li. 4 j ^ j-u-iaII (_£jl^>aJI ( 3 Soll (jft Calc- S^)£La 

‘..jL.nl; £jIa£ Clift (_£.li-all (. 'll i >i; ^ u.oa '1 ^Vnai ^^ill ^ 

aljliill (jla .(10.9 (J^ ell j 9.9 (J8ell) (_£j_^a& (_ia.la aCift (J^ ^Ic. 

^k (Ci j<UI j>aj (jA (JSSj Loa tAftjjoij jj-s mj (jja^jll 




q id jljaJI T + &T 

pUa. . 



jl jJ ^gj\jai£> :8.9 



^JajaJ! C . 






L<x-a ^3 4_ilc. Lo-a ^^lc-1 £jUJt Jax-ufiall 

^AJOLj 



jLaoll L fi£j ^aJ (j . a j 4 6 j“\ Walt c_alk jUJI j £jL<JI (J^aS ^aJJ 

JjLoII 
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(j jik-La :9.9 J^uaII 



.(MJ) 2.2 <5Lla )\\ 1 kg t Q. ; n£j (JiL^. 

L-JjAaII (j-a djLJ^)C-^ii£ o^C* jl £.Loll 1 kg A_i^l£ <§Ua3l 



U^ ^3 Ail£]l oJA c-lil] L_L^Jj tAil^-c AjLgC. jLkJ! ^Ia^JjoiIj «1i!jj (jjj »(j? jj-fiaxJI 
^JLkloU cO-IxIa CjI^'NIa C-Jlilajj (J^Lk <^ja 

( ^)l.^k,ill^ (Jjx ajjjII k qj\l£j ^ (jj .£jLg1! ^^3la1! ^jj*s n\ (Jj^‘vujaa. 11 ^)Li-ill 

^jLall c. AiiS ciULiAj 4 (s A ilIjII SjLj 1$ \ A4j 



. ^Ll^ulll ^X-ilallJaiJ V £jLaJI (jli A ik^ill ClAjj V^aII I^HjcaII 

(Tubular falling film evaporators) jj 

$j! j^U A-ujLuiaJ! 4A^.jl]l c!jL^.j) > Via11 aIaLxa! a_a2)La 

^jSaj CjI^p^iaII ^1 ^jl ^j-c I^A dili dA^. jHaII j 

I LiC.1 U*a I^JLgju_ujI 



(1-13 kW/m/K A-L^ia ajj^a*JI CjI^^ia'I • 

.2-13 kW/irf/K j^A\ jl jj J 
.(0.5-2. 5 kW/m 2 /K) ^ s ol >+21 • 
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.(2-5 kW/m/K) (Agitated) jjj^-2' *2221 ol • 
.(3-10 kW/m 2 /K) >d! A2 ol >*. • 



jiu iVI (jlfr a3& jlii2l 






(1-10000 mPa ^ jVia' I 2a.jjl (j-o ^.aa (JaIxjII cs ic. aj2sll • 

•s) 

.aj^aall 4 ml C \\ £a (JaIxaII ^C. ej-iall • 

•(Scale) Sjjiall jjia-a clyj^j • 
. j (Fouling) Ji • 



■ A OJC.J • 



Precipitation 



t-u*-u Jill 2 . 4.9 



4_Aax] Ajl.l3l ^3 . A_i1aj 2I (jA Sj^xLo J^I^ja ^3 L_liiaiji]l ~1 aV'.3 

^j5^j Ia^ . I jzlu*~a 1 > >i . . * UCjU ^ i-i»M ^121 j \ j j * L2! Jj Jj J ^ * :, j2 
o jki-s iJjs 5111a ; jiSjill jjja^ptJ (Recovery) ^-L^jiA/l AjLac. jJ5L^ *• . 'j * " J*''i 

^Jc- JjAAxaJi] 4 JLoxIajI (_jSaj . Uil JC. jjLajjSII 



Aj i_JjC-^)a]I JJC. ^ jlLal] JjjJI A 4 LIS Ju 



1- _ 'I. --.11 t. ' n .1 Jl .7^ jIIIaII i_uaJ1ij J}_j3 AJLi. ^2} JjIixaII Jj-aJ 

. jl jSjaII Aa 2I j2_^. jl J j V' < ■ ‘V 1 (jc. JJLxaII (jc. 



i-ujoIjII) (Fractionation) 42 j 2 ill i_ijLL t-^jill <dja.j (j£Laj 

I2le (jUjill A4LI3 (JJiij ja!ij .(<alli_0 ^cjljjl A qt’i-s A f-lja-l l _ 5 lc- (jjSjlall 

Jaa Ajj.^oII L_llj j2a 1I j 4 (NH4)2 SO4 dlljlljj t^^LaS/i AiLiaj (jjjla (jC. 

C- njjjJ Laa t CjLixu jaJI a A ^ja a^nS -.1 ^21 JLiA j . Jj-AII j! J Jj. 1 *■ *'V I 

. Cjl2 a J-»qU (jA ejJJ^ CjLia£ (jjj£j 



:1^1a taJj^c. 12 Ja ^21a2U 

.2 j^a (Denaturation) ejlijjjjJI jjjSj • 
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Ljjjxujli]! s.l^J • 

.Aiila CjI tl iu.n i_iuilj l _ s ^ c * 

• l ^ ‘is jLu« diLLj ^LLaLUj 

.(Waste stream) ^-LLaL/l cS%^i j-a s ji£ ejUaS • 

<iaLjai jjj ALV^ J^J^a ^3 ^ jliiall ^3 oJ_j2>._^ail ^ LLqL 1 Li I jj 4 . i->j • 

. ((JULail (Jjfmj 4(_3jlill ^Jajjiiil 

u -aji 9.4 jUaVI 

0.2 ojl^La (yeast extract) s jj - a-sl l (j .-ilv . M . a ^ ^jLa ^jLia jj £ jj 
Aijjiaj %0.5 JJ 0.2 (j-a c._JII S-aLj i_i^jjjj . j-s nil kg/s 

ciiVj Ljj Jjl n V (_£jluixs Jc. J e~il >.i 411 cjjjV -LuJ 

:4j31j 3! i_ajjall 

Wf = 0.2 kaUJI Si-ail aJl£ tF = 0.05 kg/s (jlijaJI J.i*-a J^i-all 

,T f = 40 °C sjj^il 

.Tc — 40 0 -J.j 3 4 C — 0.02 kcj/s ^L^-il Jju-a isj^j^il si-all 

cAg = 0-5 ITT I'SJjC. _ja]I S j S jjl ^Jajoi (Wf — 0 - 5 ) JL^vJI ^ 13511 

LjjaS (jl5 131 ^ ~u.-i.all ^g3 4_jjUnall 0^*4 jail ^ Lu >1 j (_) ,a».i i ...all y i jliLa ^ u.iV 

^ja^all J ^’iSuain . jn-vall J AjIc. J& Lm Cjl^ £JjL Jc-I 4j.lij 

Jis CllLLal*-a (jiajji . O 140 Sjl^a. ‘La.j.lJ JVj ^JLLaJI 

Q — 4J.AT ^a. ~lVu.il A_j j i ,.i 'l . a 

liiiii (Denaturation) lv-w i.n.nj i yS cjbjiail ^hvJ jj 

LajHj) 0-5 C Sjl^ja. <aJLt-all £.l^)a.l J] 4 V ^.11 J V j 4 C 'I n"i j^lll 

. ^al Ci n.~ull £-La.Jxal (jU Laic. 4 (-10 C - (jLuiiYI 

(j£-aJ V . Cjljjj j^>2l ^Jjlii J £aij (J5 jo 4J c . in.. Jill 4_ilaC. ^,~iV..n 

. J..O _jll 1 ^£jLj ( a^3 Ajjl^-a] (jxs ^C-^il 4<jjg Cjljjjjjjil (jLj3 4_iLta ^3jj 
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AjjjI! ^3 £J-gL^-g]I 6 1a AjjJia^ A.,ii,), < qI ^ja 

-Ajc« .(1 1.9 n^k j^) J j^JI ^3^1 cs^ tg,\Wjg] (jjj cAjjLgJ! 

(Jjj jjJI A Waai <jj£j j AjjJa-o^JI £j*U-oll ^jjIjlj A_Jl*JI ^ n> ^3^)]l ^j3 

oAh/a a-gj 3 ‘illLiA j .aw a jill l_l^. j-o (jjj j^)J! aILI jJI pH ^}3 ^ LgI .aJLoi 

AWui J^x-a 1$^ jjlj (Isoelectric, point, pi) J^UllI aLSj pH — U 
l g j (^)C« (Repel) V a^>Vi\I &^a Aic- . ^)3x-ai] IjjLua-g 

CjLiIaC- Lg LJtc- . (. ^ U n Jjj J ^jAaxJI 1 g aA^x j £-g <j! (j^-GJ (Jj 4 IjJax J 

aixu^M (_£ jl AjjvWx>S1 c_jjL^jJI J j cA3 jW,g\ 1 (jAal y^\ ^ *. > n > njlll 

clIL (Jj)j>^a^ J^.Vj . ^C»l Ij^a) ^W x^a^G,ll ^Ac- c . U x dLLc. 

(jl <. ^ ^WjJaxAl J ^j/WJl A-LgxIL>xla]1 A xai.ViA ^jl3 

£-G .Aj^-g i3j^ A (jl LS^ lg-^l»Wjjajl ^jS-GJj .L^joiaj ^A 

(jli 4 ^.xjJ.AigJI L-ljlaJ! ^^Jc. Oj^lc. .(^jLaill jJaj!^ (jjJjal JJ U^JJ^ 

J^Wll ^j-g IaJj^j ^jjj tP appall a)*»aJ^j l QjuojS ^lill a^Aiill 

:d s (jliaJI >3j (PL) ^Ull Aili^j 4 N 



P =5p L N 3 d s 5 



(23.9) 



I^j-g (M) A_!j£ 



M = p L -D 2 H = p-D 3 



(24.9) 



— =0.026N 3 D 2 
M 



: yr^ 

(25.9) 
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. dJjjjjd (jLjjJI AjLlij 4 ladit : 1 1.9 J£dl 

3*^' u' is* ‘lW/kg £J>JI (jaiJI l Sj^i 

oJiaJ >J 3 ^' 31j i_n^ijj]l dLlLaC. (Jd»3l .ojm Ad i_JjlL LaJ 4l]j (j^ (Jsl 

JaiiJI jLuJa] Ar. Jjq]j ^q-s 1J *- 3' " >— Jj3 l _ h a^all I s' ■ ~i ; . dll j?T\ 

(Shear) V_j qji» >. o ajIaJI AjjSdll dLind! (j_jd . \i , sll 

Ajlgjll tji . Ac-jxu (_paaikJ tjdj (jl dll n-sll Aj-a^all eliaC-l 3?.V 

1 g 11 (jic. A_iildil f.LdVl ^g&PJ tAjl>-a]l jl_^a]l i—boijJJ g^a-dl 3^-^ AjLafr i_a3jj 
i _ n nl AaLdl d3j t(kg) S jd]l 3^- I^Laij^adll d' ‘ •"> *' j o^)i» ..oil ^1 ..-i.oll ^3 

. Aalidai! Ini'S 11 /jd jl j 



Ajju 


4 


p t 


j> ^ 


*s -4 


j> *j 


p 4 


p *, 


p * 


N 4 

< 


Ca 

P +4 


(OH) 

p 1j 


2 

? 

t 


► 
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■ Auj^dl Jjlxd Alaii jjc- i-il> ujj : 12.9 JdlSI 
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Jlii 5.9 jUaV' 

J j^c. ±uk .(isoelectrical) J^LuIL i t \uaj&\ L5 lc. LLc VH* jLJl 

> till i^ja (J j)\*s, a ^Ac ^Ji.^tn'i A \$\\W A \\aC> ^B A \ ^aJ Aj^Ja j 

a,BA All jV j .Aaiik-a (JbIxj Jallj dilk d il \j\ j^j j ^gAc. IkA <_£ jjrs^j j 

dilk pH ^ Axjj^)l>i-a ^Aj <ac.l n^i\i A j\x>» \\ ^la^a f \\ Vn j^)2l 

(baffled/compartmentalized horizontal Sjai*^ <J*jt .> ^ *lc. j 
(back flow) <^klk]l jaJ c> *yr^ £* ^ ^k JALJ vessel) 

c-Lajjoj AJL^Aall a^A (J^k^jj .^jig-ill pH II A->u>A (Jc-lLd! <j I gj ^k (base) 4 -J.Bc-Ib a^La (jk^jj 

ClAjijj^ll l_liujjp c_ iu>n pi ^jb 4il£ ^^Ac. ^jl^j t Jtlidl ^ pH 11 1-i^.jdi 

• (12.9 J^SB) a.loJ*-aII Aakjull (2^*1 ^at£ ,^B 4 qt'rs a\\ 



Ultrafiltration jjllill >11 3.4.9 

(_).a».l uij j .(13.9 A-uLc-Lf 1 ^1 ~iVn.'lj >£>11 4 ifr- f.l^^.1 0^4 

iSji ~> ^ ^JaL>ll A„uLc.l .Uj>JI 4 n'qill y A-uaC-LM ;> (jlft> tljllft 

> lill ^u5i>ll V^' j ‘(Micro filtration membranes (MF) 
J&. ^>=^11 ^i>ll a_uLcI l£j^i .(Ultrafiltration membrane UF) 
^juo JlulL l ^s ijiojj^jLa 0.5 — 0.2 >j UjLLal ^jIjjj (Pores) u_ij£ 

Auic. >U'i j Ajjlxll ^Jjui>11 4 iLr. (_g> all ^JjL>11 AjLLj . jj>all >a 

i_JjSj ls 1c. (J j'W^ >1211 ^Jjoi> 1I AjaLct Lai .3-9 o>all y ojj^jull A->iajll 
‘JJ>31 >a d \\ llJj>ll £daJ Igjli JliilLj i j!La jjlj 10 Jlja. LSsjUaSl ^iij 
L_Ujljl (JSuL Ac. j'u^i^ll A-.uLc.Lf 1 (jj .^LLaLflj fLall ^.A>,»iJ 1 g 'f 1 j 

^Jajoij L> i liLlc. (jjj .l&jjd jil^Lfl mm 5-1 l&jUasl ^Lj A^Loua 
>a icjluax ‘ _ lljLLf I £>i& (jjSt) (jl (j^aJ - ajQ'vll a l-.Lii.ll (^Lll _jA i»jLfl 

.(>uaLaua dlual>jai _jl (_> jl (a -s iLnLf I JL“) >aLaua >ul> 
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jl i jjSjlSI (UF) Jjjfill AaAL\ 

<j] .(Diafiltration - Sjkill 4 _iL*j) £ jSiall c> lU^ 

. g.Luix J l ^Ixuj ^ic. (jLj^xJ! jA (Dead end Aili-d! 

s-Laiill (J^la CT^ ^ C- £jLdl ^Jjuj^iSI 

sic - j (Cross - flow filtration - u^j^' 

(Jj^)iil liA jj . g-LaiaJl ^ic- (kPa) djlio a«lC- ^Iia )**» (j^>3 ba 

(Fllix) (J3J jj . g. L uJlII s-Lall (jSil A^^p^dl a^iill ^A JaiuJa]! 

jic, -Lijja]! sijj ^jjj .10 x 10 ^ rn/s uj^ (J) 

. ^ ^J] d (jsil (j-a -lijj ^-Liill 



.c^JLia ^Vij (.“n^ s.Ldl a ?. IjoJcJ! Jiiiij 

V (j-a 3-^ JaxjJall (33^ aijj jj .^LaJtll ^^lc« (jj*-a ,hx *✓! 

(js-All Aiix-a (jl juSt (3^-aj .A_La^l_g_ll <a±LJI c*\<a>M adj j ^lj Cj^j -lajj 

2 ^ 3 -aJI c_jjS *Lic. ^ (Mass balance) oj \ jj Jla*U cDU. 

.(14.9 J^SII) 

J(C-C P ) = -D^- (26.9) 



.iaUll i_uUJ' j)JJjj2' jj£jj Cp Jlajj ijJJjjJ' j £ Jj C J1«J 

i^lxun i." n*v jpa (k) '‘(‘sll JajJI (J^ala^o i 4J^>*j j J-olSulIj dll jjlilLo]! (J».n^ 

: J JiLoj D ^ LuiTu V I (JJjt-oj 5 



k = 



D 

T 



(27.9) 



•J] ~ ^d!_^JI ^gi (Jjjj^iSI jj£ijj 2l » n > ill (jl j 



i 




(28.9) 
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. JjS jlSI :13.9 JSJJI 



UF ft ic. 




.ftaiil J*. :14.9 

La^jc. . (JSj Jilll (jl ( 28 . 9 ) kljAjuall (j<a ^rYl'uiiJ 

(jjj kiCAjJI (_jjA_j 3 • J ^ * ,n 4-)jLui<a Jjjll “Liu 3 ^_u*all C = C w (jjSij 

I 3a (jj) • -is>l j ^gjLuic. i_j_jjjl al Vh»Ljj Aj^)_n*\ ^ (JSLi. ^j-a <] >>n J)a£,j2l j 

^ ^ill (Single batch exp) s^l j elj*.J i.iU-»'\; 

(j£-aJ 0jtull oi& .(C w ) (k) (Jiill (J-ala-0 ^aj3 -Ij-liJ 

^Uaill . 4-jjL.ait.il i_UjljVl (j-a J-iC. ^1,'lVnulj ^)j£t 

khl*-a]l j i_j jjj^l ^ (jUjxJI aAi jj (jaill sjUj (j£aj t(Gel regime) 
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t 3-1 m/s (v) c - 3 ^ c ' ^L^jaal ^jLoj ^(29.9) 

(Jiill (J-gIjl-g L-jLoi^J 

k = 10~ 5 v ( 29 - 9 ) 



0 <ajS 6.9 jUaVI 

LijU^s jjSjfill SJI^S Jja-ill (jlS . (jjlall ^djill 4 kJ ji o jj£jj ^jjjl J jL_« 



C b (mmol r 1 ): 1.0, 1.5, 3.0, 5.0, 8.0 
LOams' 1 ): 14.0, 11.5,7.7,4.9,2.3 

.(C w ) ^1 (K) ^ISlI Jfcll <_U~ ^1 



Extraction 



5.9 



^ ) i ,-ij t jl^jillj Aiidill dll ;1 <hm ojljnlj A jl-sll (j>s ^ jpi.aH dj 

(j pj . pM j ^jjlic. J4’N <1 <n (_jLaJ .AiLi.5UI dlaJl.T. all Lilds d_jLall ^ jpl-all 

Ac. j<i’N <1 :<jjj-sll dla. jVuill [£ oil i_Lol dLaJl*-o ^3 Vi > mV I dliLud 

dLajjj^lj (citric acid) <iLjkdl d=u^. Jia ijd2l dlyiiall ^ddd 

. jjiu-tall jIluiaII AiiV dljl<i»ll ^.wln’i ^^lill Ac. j^i’N .all j . (jiLdill j 

(Bulk ojjjSJI IdV 1 dLiLac. i _ ili^ll d* Id jj^laii 

d j . v«li Sjtaill (jj£j V SjjjSII dUVuill 4jSr.ll ajLsc J5Ui .processes) 

(jnjlVi (j.-ijA >’»i’i (jSuu . dUijLall (jxs ALla Ai_joa Aid g.-m.ij ojl&j . Aijllaa 

ojjLlIj (Liquid-liquid extraction) JjL< - JjL< j^Liddl Ua j < jid^ 
L jlo AikJ jj (j^»lA"n.n IdLow 1 jjL ^Addi Ua 5L£ j i (Crystallisation) 

.iiliJl l VlX-aS 

Extraction 1.5.9 

I VujjV I alii-all £ iUj LqjS 
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.( jjIlJ jjj 2-) dAj j.lu5L\l j CjV jpJlll 

4 4cilil^J!^ AaILqVI ^jJaLa^Vlj 

. ^C-LaII AjVlgVI (J^aLo^VI J 4ciL^LaJ! 4 4-*\n^UI 

jllLiui >m! jS 4 ^jAuijLa n\ 4 n) CjI jLjoa 

• ( u^* 3 ^ j> '■^•^ 

.(A,B,C) 

4-Llil! djjj^]! ^j-g 4_iiAJ 4 <^j!^)j ( iJt ~^ 1 ) ela\jj£-G 

.(jjjlilS 4 JsSU 

4jjJj^Ajjj) (Steroids) cJ±jj±±J\ j (Alkaloids) CjI^jKIV! 

.(Jj^£Ij ‘jjS JLa ‘jjiljS t(jja J>a 

dllljj jjJIj Cjljliiul! 



• (15.9) tJ5 >’>iILj jA La£ j • jfi'V .all ^3 LkHuiV I f. I ^a.1 (,j5-aJ 

(jjSij Jiaa iAjlc-j .cjlS JJC- <ikj-all (_£>iIa 1 (j-a^VunVI ,jj5L La LlSIc. 

(j^aASw J!La ‘ejjj ^11 AjjouIL . Clil jlrs "ijic. Jl A -s' -. lilliA 

CjliuJj iJjjljjjJI (_|La <JjjJaC- ClllajLa ojlc. (JajUxuJ tjjjluuJIj iiljjl»jd]l 
1 g Vu.il (j5-ajS a.l3» oil j CAiijaJI Lat . jjSI n J jl i(Jjj jjjll 

(j j£»a ^^jLa liil^ (j^a A a In \)/ 1 o La (j j£jj . j ^jjall ^jLu ^^gjLall V 1 . hV I 4ii jlaj 

(JjSoiLa. (jjLjjl ^JJ iJLa) (JliLa]! (Jjiui ^^ic. MgS0 4 ) j^-La j^ys 

Jj£a5Lk (j jUij I .J-aLl^l L>° (jJE-_jjj L>° UJ^- 0 jl ‘(PEG 

.(jjj_^la •LuLalt ojlA (Jj-aSlj iA m .a jj^ljj dlLlia ^3 .( jljLAjJSj 

^ jj^k-j (JA^. ^3 4^1 a]I ^J^xa ^Ic- l£ JixuVI (^3 £JiJ 

(jl nun V (jJxlJVill .4 _LuiJJ^) 1 ^aJ^J! ^1c« 

4 (j-ga^ VujjVI A_iLg*j ^Vfi (J-gI jC. cdlLiAj .^joaLai^JI 
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i-i) iiaVI ^ 



■ >9 :15.9 JiPil 



■ Alkali j a^^t) a jtttti Lilli jl Jj]l • 

• (K) Jc-lailtj jjUl (jjljj • 



. L^LolllJj jJjgJI 



.(k) Jc-laill j (Jiill CjV.1*-o • 



^l.’lVnulj ll j'' ■ ■ 11 j_^sua^. 1 Vila Iklim A iC. 11 

'iV'n.il (jl^ I ij ^lajJ (jl 4 3-ii >n.i Cj j M ~s a li^li (jlSuilj . jjlaC. i__uia 
t ^ q > ■— » £jla (j^a 4..)-a£i . in 1 oi& ^3 ,lj£^a (_^aV VnaVI 

3 

C 0 ja tiLjiJI lP^ j £ jj -(Separation funnel) £-aS ^ tL(m ) 

3 e 3 

j^liu V(m ) c ^ \\a\ j-$ i—flLjaj Iaj*j .(kg/m ) 

.IxJ .( 16.9 eft jlajl) C 5 ^j <— Q-^a^ j 

djljjW^a Jkj ( 3 I I . j jl AJU. ^al JVlll (Jj^aJ jjix-a j*_J 3 



(Partitioning Jj-qall lW-*-* ajj^uIIj jjjjUl ciLjjjaJ! 

jj£j ^ aJIc. K a-ojS jj£j jl l_i^j .(K) J coefficient) 
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** . Cljlj ^Lal] j! La£ . ^al JlikJjuLyU 4-j.Av^ , VIajjV 1 

I^Ac- J-aLx-dl A/UJU . LjniAA-a 

.(Species) ^ j^l JjSjjj ^uL • 

.(I) Ajj 6 • 

•(pH) • 

. c_jj AaSI ^ • 




(j^£j .(AjjIjS Jx-a^JI J-aLt-c *L<u3 ^Liic-I jVI ^)JAlill Ajbaullj 

Jj-aaJI J-ol-C' clUiSj (^ jsia *\ (AjLia£ AjjoA 



:(S) (o^U l^VI 



S = 



QV 

cl 




(30.9) 



i AC-LuiaII ^joUJ^ JiAu cAJ^sAj cSl>l CAjl^ tij 

.(Feed) (_£Ai-dl ^a iAI^^uajj oj^'I (jlA Si ^ 1 dijl£ IaJ LJ 
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Crystallisation jji4ll 2.5.9 

jj£I ^ jiLa jp-sjm 1 . . ni-all (jli t^Auall Jit (Jjl^-all (jjfLj La-lic. 

<Iajjjl_jJ djlj_jlill 3~ ] ^ ^ 1 4131 A y i*^ j (JLaj AjjlLo 

Lo 14lc.j .(J J^.i Liaj V a ^43ij I3 aj .^j^-^-all -i4l jl ^-loijjII 

^3 -is (jSl j tAjjC- j4l ojliill A^j.} ^Ijjl Jl o-l^lj jjiij ojlxL c 5 -ijj 

< Jlc- (Jjl^» -a ( _ 5 ^C- (Jjj-saaJU JjijJa 41liAj . ^ j'Vl-all ^ya CjLia£ JjW -nil 

. ^ jVi-all jj£>jj o-iljj) jj'N nil j j' Vi -all (jljj3 A_iljL3 Sj^>iill LaA ^..luilll 

^ \r^ ^ i ^-n. \ 1 4 q t-> > 1 ^ in l o V*i A- “i 1 a 4 L_l±uJ^il! 4 a \ An. ^ ^\j\ i 4 i\ An Ajjulj 

cillij ^^^A j >. Ail da a 11 jaII ^iVlufl V A jIaC- j]i .£Jjaull ^Jlc. (JjWaII 

.Ic-jJ-ki JJ^VI J ^SVI A l*m\l 

^■^IaVI L>^ Lijdjj lA 3 (jjli* 100 . 1 JJJ GjJjS dlLlA^ ^tij] ^JJj 

J!Lc A m a A-j j)x>iC- dAj£jAj t^jd^A^lj dlljj^)j£ J! 1 a AjjdaC«iUI 

AJLa.JI Aj^daxJI AdljAj^ll j A-jjV du*a.\l jI^aII ^Ja* a . J)^£j)Iai.ll j ^jj^^jaiJI 

IcjIiaJ Al£)lii] Aa^_a jjldll A)\aC. (jj .dlljjL J£d ^^ic. 

S Jjla^ll ^^9 1.1^. I^Aj — I -la. djIjjLJI (j_J^ U IJlc- • 

.(Ultrapurification) aSSUII ajSjSJI a_i 1 a*] Adlgill 

Jlc AdOUl Ajjl^-il! dll jJa.iv II <ja ^jjaiJ A-uij\ A la dlljjL • 



. (JjaxJI (JdLil Lo£a ^Ja-a l^jj 



jjLjII aI^joi Aj,\aC» ^n^kxll (^jAxjla Aj\x>C» <jj 

^ L_lluill J J*4J jA La-a Jj£! Ua J44*J A-adjJall A-l^.lljVI CjLjJjolaI! 

^ \^\1 J Jiil! ^ >.j A-iujd^JI dll J,W a\ 1 ^Jj cdlj 

A_ia.UJI (jxs IjW.^ (jj^j V ^j]lj tCjljj^all j jljJaVI -i..ii>Ija ^Uaj ^3 
CiilS (jlj ii—uljaiJI (j ^ CjLi-a^ - 1 _?T > 'j u!^ “413 LS \c. zjy^c. . “U^ui-alijl j j^sjiill 

• <4a.tijVI A ||^»II ^3 J;l4 (jjSj lA U 
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AjIac- : 17.9 (JiLuJI 



AjiD Jlia 9.7 jUaVI 

^3 tilajjjall (jJa>*a (J^wtluU .^jlLa]| AlAil Aii*-a ^^aljj ^-LCajV cJtia£ (iLjiaul (jCaaa \HjJ ^Vnu nn 



t(." lljj^al' j A^£lill ClAjj^)CCaj 4<^1 xa 1I dlL j^JCall j tA_ij^)fLa]l CjLj^uLall (JLa Iplcill Acl Usi 

j)\ *^vvll c" )\ ‘n^l“nqll L$ A^iiillj la^al Af\\ \ \W djjj^ll ^3 uu .A \\* a\\ A^lillj 

cjVcIiaII j (Boilers) clal^all *■ QjlVn Iji^I <•" 1 qjilaill j A^jU»ll 

^l^klail Jxa. ^ j (scales) jj*3iSll <11 jj ^ 3&Lcj (chelating) <nLk*l! <nL U jj .ajJ jail 

aJIJi] c^L^Lull (j>><aal (jfLaJ .AjuLoII l*KJ ^^3 Laljai Vj i**'! xtJVlxll Aj_^£-a fijLaSi cilj^Laill (j>><a*vll 

a,1\nin .o^-ojojVi ^ -voll C!lLi«}*-allj Jaijjj Ail La£ dll jlill dj^)All ,‘h.ui^l 

(Extracellular) <sj^ ^ jld j^- 3 .^jiull <j >» < aa ^lii] ^ (17.9 cJ^) ® jjhllj (J^I Vum VI 
j^gic. ^JUaII ^jUII ^ jiajj jl j* AlaJ jj ^ Li-all Aspergillus niger ^kyvll jlaill 

^C-U^) ^ n^l ^ 1*»1 kA M j/ilVlmj (jiaAall (jUs leg! j .c^L^L*!! A^LCaVL dlj^L®^ (3*® 

(_>^aJI £-a dice? ^Vl Jc-liL .(water insoluble tertiary amine) *UIU dSlL jjc. 

CiH 3 + RjN RjNOH 3 (1) 



5 . La £-a t(jj^_^lall (Jj-a3 j jl^&jaiVI -lau (jxaVI cW-*^ V AiIaxII ©3k CIjIj^IaII a (j] 

^>aVI ©lajVL (Jc-llill Aajj Cilia. iAillc. 0 jl ja. A^kj^Jj dlilajj .iiCa, 



OHj + RjN^c R 3 NOH 3 (2) 

iCLllj ^Lali (3® L$ tljar ■V'j ^^gjLall ^jJalL ^j^nl'v'unj 

dsl^jllll J ^Cjlj ^paAaJl £A*jIi Alla ^)jj_^aa ^gjj La ?.La]l tdlLl 

A L> t .il ^aL\ a“i > >iV 1 _jW^ CS^] 3W^ O'® c-Lall J)\^} ^.A® ^*^^® ^-^LaiL 

^ya (_£jjCa*il L-JJJLal! dll^)jC idll^jJ oCc. (JaxILoU AlLaxll oCA ^gi .(_^^l^a. (J-'W-aj iAi-^A 0 Aa_Ca-a 
c-La «1 >Luj . •v^UtiVl 3W^ cs^j ^.Lallj c^^xa^)!! a^ntiVI 

13k (j^lj t (JjVi ^jai^-all c-Lall (j\ c^lt^ (j^ - ®^ • ^JJ)\iaM ^gil ^)iaVl ^tCu^all ^ya 

.^aa-all djjiij S^jlal a^ll A_ul£-aj (._ in»n Sclc. (3f^J V c-^^gjlll 
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(jjj -4 i nij 4 ejljjojV 4 &jlA CjIAaC. ^jj 



(j J jjj ^,Vu ^A ^jLo]I Jjk-alJ ^ n^k j^) 

.lyflxlll Jc.lij (jj ^^9 A W/all aEIxUc 

^ j ^(Exothermic) *J jail J^lij ja (Complexing reaction) 

fijtc- I .Vball I JlA ^-l^jjuoJj 6^)LaLlll (Jjrvil ^Jc-VI dlta.J.1 



^j£-cj ^^avli^UjjVl AjjouIIj . ^ga^l VujjV 1 j VujjV 1 CIjLiIaC. (J^L^. 

^A Vt-A*lLo)l Jaxujl (jjj 6fi j^VI ^-_jjl 8 Aft jjddj 

I oa ^ jjjJI Ajbl jlii&l (j£*j ^ill (The mixer - settler) h-l^jaII - -L£UJ! 



Ultrapurfication 4Mill 6.9 

^-. . .' ~s ^_3 ^jkd ^j]l lilh <jL^aUk j . 4_ii3 .'ll ..-ill dl s'n.all ^j-o Jj A*JI jjl 
CJle S jlaj ^1 A si sll (jlj (ojliill 3ajla (jjSij (jl L_LaJ (jft (jLuuYI 

3j3l <c.lda ^ (j^ . i_jjj*JI v- ilhuiilj e'u.nl ^ih (%99.999 A..n»u) Id. 

UL-a lj>L> Jdid ^ill (Sorption processes) jljlaV' dCLc. ? l.ikU 

4_lLaC. ^j.^-ijal lj& jIaj..'‘u,L) dliilj^jjll (JlLa a^)j iSH Cllllj^aJI J».-i^ Ljjj l-^-Cu' 0 
jlj!Lsl a Am ^l.lVnub (Jj-aall 4 jlac. ^^lc. JllLa ^A Aj^jdill .<ajli]| A iq nil 

(j^ajc. { _ s lc. ll=tk ^joijIj Ajijj (j* liajjjj Ai. : (Solid sorbent) yA . .-i 

• (18.9) J8>~.~ill ^>Jajl 4 J_jjUil)/l -Lli^joAI sdlS ^ .^-i .1 iLa. ^>fa. j=Asj AaJ^joAl 

(Capillary ^ jail i_iiuu ( _ s J&Vl oldilj aSjjII ^a JjjliiVI ^jMi±u> 

^^Al 4jljj£-a l)AJJ li H-ujj IrSll J J JlIc. .forces) 

i A qll-s a CjIcjjjij t-ilaJI ja=JI ^ A q|~'i-s <.11 Cijjlll CjIj j£-all cASj^Th.ij .^gAc-VI 
1 *jjjI j ^ \ . .nj . u ^ Its II (jli I j . I (_p •>» 'll I g • ni i ^jc. 

A^Lal ^^Jl (_3J_)VI ^aJI (J.^>q n . A ql'is ^ jjl ^j]l dll j ^3^ ®-^ c " L>^ 

^ jl-a» I JllLa IjlA jjj . (j_jl]l »j.ns< ^^^3 j 3_?^^ ^JS 

n.ilk'n iUal ^c. jjLqjj^II ^C-s'h.C J.^qll 
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. (. iLaJI j ] Vu Its 11 — ) Lilies • 

. (^4iijj]| = ) 4_i/sl_uta (_yiLail aiLo • 

.(J ijjIjj) =) (Eluent) a siL# • 

tllli A-ljjfi till j^>3b. (j^ Ajj4aJI Aaiaill e'lljEc. ^3 (jjiLmVI alLall (jj£jj 
A_l^)lA elLo ^gJI tllljjidl (J_jall .1 _jaC. ^9 4£._jlb_j-o tjlajjfLLa 100-10 jUaS 

lAjla3 ^lll eLalll oe- jLom Lijkj (jj£j AiLil..» : >l.n Ajjjj^. 1 ^LJI (J^lu J£ f>~l 

Jc-lijj . till jjj jjjII ( _ 5 iSlj fn-s i ^>j£1I (j-o UJ^J 10 

ajki Jclili (_£lll (jjjj^jJlj .(jjoluiVI olLail £-a > ll"i^ <i A ql’i-t ^11 tllliiljjJI 

.(J^LoiVI alLallj Jajjjj V (_ji]l (jllj^)j]l ^ya j!i£l t llVn L_i jjj) 

!^A (Jftlaill !i& (JlLa ^^Ac. ^lll till .oil j 




lILiA a lit j£l j l _l , — , Q \l 4 il ... r_ I jjl (. _ IK Vl 19 ^uajl >^>^> II ^ 

_jl jlaVI jl j^-ollil A-lLaC. ^joil llaal ^lll j t A i,njg .all (j_j£j olaJj A J > .nil. 

:^a CjULuJI oia j t(Sorption) 

.(^ataJI (jaluil ^ J*^ill) (Gel filtration) ^-Al&ll ^--bijill • 
(jjluii J&. Jj-aill taUll a jl£. (Je-laj) (Adsorption) (j-aL-a-oiVI • 

. (4 nUall 

.(aisJAI (jaLoil ^jic. J^asll) (Ion exchange) Jill • 
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J^ll) (Affinity chromatography iiftfl Lai jjLa • 

. (^JajoJI £-<a LaLoj CjLj^sJI (j^x ) ’• J£joJI qAjJ 

^ic. iilL£ ^jjjLujVI S^LaIIj Jc«li!i]l -LoJxJ 

^3^)11 j 4L_jj«1a 1! ^ajl ^^3 (_£^^VI CjU j^^' 1 ^ic-j 

(J-alx-c ^jj .(T) ajI^aJI ^ic- * <■ . (I) 4>aJ3j ^Ij.??k j^).llgJI 

(Jx^qll (J-oLt-a (jL<a) ^)jLtL<a ,3^ (Jj>,Wa'I j ^jjjLoiVI S^Ldl La 

lAJllilt 43^bJL j . (^jLa — £jLa Wu>l AjIaC. ^3 

K = Q/C (31.9) 



^jall jjjujj .c_jjAa 1I ^ C j ^l$-SI jjjjjJI ^i£jj Q cJLaJ C’n^ 

^aJ3 Lai c^joiLjjVI S^Ldl (j-<a (Repelled) jii} (jijjjJI <j! Jl K — S <jJaikl<JI 
^3 JUII jj£ljlSI .^jjjLojVI SjLJI Jj ^jij j^JI l-jIa^jI J] jjjou3 a-iILJI K 

:UI i_jLo-a]l j\\ *^jL^ .AjlAxaa ^jjjLojVI ojLoll 



c^jLjill <L15 jjc. • 

Ce j_u£ L_J jSJ CjI j jl • 
tLfLijl^ua S jLaua jl • 



4^LJ1 4 I'N^a jl 

i C-JjojLLq CIjI j jl 



. 4_1^,L]I b^sluLA jl 



djL^)£JI cAjjjJaaJI Clll^ajfJI I LL -0 "^ J* C)* S^lpc, J J tilLlA 

jjUI CjI ji** Jlo) <jSjJI jI jJ\ j i (Inorganic pellets) ajj^c^I 

.(Reversed - phase sorbents q* J*-dl 

J-a^jg (j-<a *(jl.J^I Aitjjl ^3 4jjjJaC«iUI dil Ja^II (J-ajCLujj 

A jVn ^^3 ^AVua..i3 AjjjJaxJI CjI ^-aJj^dll Lai .(Alumina) lli-o^ll jl \ SJL k a jl 
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-c ^Aj c Cl aid j Ajjj^II dal j 4 j n^Vl (_paLaa.VI 

Jlc) ad*l* dLji^ jl <(Poly (methyl) acrylate) c> J tyjjjli* 

i _jl I j (JL ojtiLaiV tillliA .|... j I jl t ^jl unbolt 



■lj-1 (j^al x*adl (2) jjLqj^jS aJLaxILuj! ^1^ 

. (Adsorption/regeneration) 

Chromatography LSI 

^jLg) (Eluent) c*JLaa a2 jV ! Esl^c. jjLaj^£ll 

(jA.Ixt ^3 (Feed) (j-o Ajl3J iA \ )> a A In^l i^-J ; (j'^d . Jj-oxJI (J^d 

AS,^^. ^l_) L)-£^ (^r 1 ) ~J ( ) t “" 'E A_x5.l]l aJA jjSjj .13 . 

<L-saii$ ( jjj j^-dl vLS (Peraks) dljji u^*-° o-O jjj-* • (■) c>° 

(Peak ejjil! ^Idl J^aall ajI^c. ^Lu (Outlet) ^ 

JU. ^l.ikiuL J JjLI l^iuAiJkj jLoj ^1 broadening) 

.ALa^lal! 6.1gj ^ja Ja£3 £ Jj.W <<a A. ia£> A_^Jlx_xa . UaJ (Elution) 

(_)^. Ac .^) jjj dc. . J JiJj ^Jj (j-o (j^ (Jjj^la (jc. djLa^ 

(JiLoVI ^al .lA’nnVl (j C(J.1x_a£j J 4(J .J-^ A^.L^. cdlliA (j j)^ * n Alix-o 

^1c> Aflj^jJall JuaJxjj . (JjJa3-dl L_J ^LojV^ _jA £jLd 

(Non-Linear aJ^I Lai j& jjU jj£JI JU^ ^ J jdll j 

. chromatography) 



^3 . juiVu (Jjjj £*lLk A-o^Lo dlj l (J^ kl\W A )\\\a Laa3 j! dl U-J^ 

l_l^. jjj J d jLo £lj J J^ 3 c _ i\3*Vn Ldjl 6^)-dl 6JA 

(jl ^Jx-dl t_li£^)j ^3 ^jj L^qI ." lA'nul 

.l_uAa 3I Aja)^3 jl (I) jl ^ j j-li^-11 aS^) 1I ^3 dl^jjlij (JLaduiU Ldjl 



Adsorption/ regeneration jljl^I/^L -sujVI 

Ai^)Ja (JLoxILujIj J^axII Aj^.ljjJ AsUa C5^ cj^ - ^ 

A j \q all d^A JLojdajI .dl^Ia^JI o^- 1 xILq Ajl^c ^A j i Aj^aC.aII j (j^al a^i^q I 



407 



JjJaSl (j5La)„:) ^ ic- l^ptS |lj L_J^C«^}aJI ^ jHaH (j^fLa Lo^C« 

. (s- 3 ) S^IaII Jaljj^jl i^ja 

CjI jjiJI JaxIijaj . 1 A jIaC. *UjI .I^aI! (_£.1x_a3! 

aja^II aJ! 3 ] j ^gjauj'j (J^>m i |l| 

&3_a ^1 J^kjujjlj 2 }jax_II JiLxJ . Jjgixll A j\aC- ^ <^ja A x^.IaaII S^),jx x^g.SI 

ojLaII <ja ^j-aAAAll ^jj(^ll AJI 3 ] ^ 5 -^ Jaxj a^psa 1 > j^ajl x.^i\ ciil j (Eluent) aJI^ 
A x.^OaaII 3^a15 AjaIaVI CjI^JI S^)a 3ju Ia^xj <lH .Lu.V! 

(Jjjill (jli .lj.W'41 4_iLoC. t-lia. ^^Ic. U^°dJ o«ila. 

. 4-Jj» >.o (Jj*«aa]l 4_lL&C. Vl 



Gel filtration jil) 

. lgjDtii.1 (j^Loi! ^gic. ^-JjoijjJI (JiLi. dllll^aJI (Jj-aajj 

.(Pore size distribution) jj*-> ^:u ^ pt$JI ^ji*j 

V (jJA. (_5^ t i_J jSj (J^La. jlijjl £ya (j^-aJJ 0 J1» >^i\l CjLu^aJI (jli l.l£Jj 

A£.j joiJ oj^u^l ClliijaJ (jli 4_llc-j .tillj (j-a o^n^ll CjIAj_^sJI (jSLoJJ 

t—ljjj La-lic- -l^JI ^l^JI g In a LS lc. (j-aL-a-ajVI (J2sj ^JJ . 

l-i^. ^ jjLs i_u£ijj ^t^JI e'i' n^l .i_j j£il! «.Ldl (jjj j^2l diUjj^. 

^ya j ( J j)a».ll <J ^ ^ya ' ] l^& (jj iJal » ><Vl5U “djl5 

tdp~0.1 — 0.2 mm 4_m^Jl ^jlas 'ys^ 1 ‘dajlvi.dl ^jall (jj .eiil&^uJI 

. J^aill jl jjjj 0 = 2-5 x 10" 5 m/s £jU]I tL=0.3 - 1mm j >«JI J^L 

Partition equilibrium J^aill oJj 2 

a^LolaII .(F) i4.\aajj dili L_flLJl ^ja 19.9 (JSjoJI 

cij-UI jjj-ajJI qa j ^ln V (jj •£ L-flUlVI 

^ li ^xjIa]! ^3^ u]^ *0^-3^)^^ (3° A^Loiaj 

(jli I A IxAlllj IaI . djljjj Alx_uIluJ (^ill iaS3 _jA 
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(jla (D) ^aall dil 3 AjjaillLj t(JSI <Jj£j IgJ 4-^.tLall <L^.LuiaJI 

l ^IaI! ^ II 

m = exp[-(l - f)(l + D/F ) 2 ] (32.9) 

l_£j LolJ 11a (jjl tbajAjix (jjSd i— ISjll Ja^. (J& (_>-3bxax AV I (jl Ixjj 

(j jj jjj A_j^k. j jJI jjdl I 1 a j t AaJ j (jx JS1 (Jxlstx (jjj • J-^dl (Jxbtx 

jJjlj Jill Ai^lc. <1 (jj lift j t i-ij-s oil jLall ^J oA_j=k_jJ CiJLa JJI ^J (Jsl 



(Retention d_Jxll jl lal q bVl jjxj (jxaj Jl a^)j» -«-»H dlb^>JI 
J iaa Vl*i JJ1I UJ^dJ 4 *jaJ 1I d ibujaJI Jj 4. Adilb (JLaJI ll£j ttime) 

yc& 11 a jilaal (_£Ax Jaij .IjjJj i—sblj/l Ja3 (JxSJ J jl' dlll^JI (J-^3 

aKsII (_J_uil Jlc. SaIc JJ 1I ^.a k .-] J ,6jx 20 J! (_]*«">; Jalxj l ql'lVl 4_ijj/ ^x 

Sephadex TM JUxll Jjfui JLa . Jj laliiajl 4 ij; Jll ^j^aalt JjYjxll 
• 100 kg/m Jj (.Jail JjVjx Jj£ <xj 3 Jj 4llxxluil jjxj G 1 00 



. 4 ,'.‘^ ^.ixj^a jjfc 4 j_all (_JjxYI baIxII (_g j"l V) bIa jl jlxYl 4 jxC- Jl 

4_ii_UI JjJjjfl dYAjalli - 4 d .’Ml -JlLx jl aa^.ja jjj jl ^ J ^ -41 baJ j£xjj 



dVAjall (jjs J (Quaternary ammonium) ,* d J/l JcJj 
Ciadll dill CiUjjVI jj -(Sulfonic acid) Jl jLxll c jaxa. jx 4 d , : ;,\ i JlLbl 

dLddll j 4_ublxxill a^)aJI dJjjjM 4_ix£i jl j t Jljjj ^jxLbl I baIxII 4 ' -v - : .‘1 4^jldall 
db jjl 4_*x£b-xll dlj Jl I j Jj (jl jSxJ . yj'do j Jj (jxbxVI baIxIIj <ia±i^JI 
dLijJU j£xjj . dllii j^JI (Jo Ldil * J J dlli^i. (j_Jj (jl jJaJ ij^J ^ 



.Jjla-dl J tiji-S/l daSUJI dbjjVl ^ JJJ u' (Counter Ions) d£Udl 

^ajljl (jj J t (^Jjtlb (^Jjtllj -JLdl db^lVI ^-a (JaJj 4 '-s qdl (__JalLwlVI oALoII (jj 

• - 'I '_j J^jl (jl Lo£ I^dujall JLa (jx JSI bk j!iLa (j_Jl ^jjVI (JaIJI J ^A-S'n.iall 

• a Jb I o Aa.1 j 4,q iJa j Jj (jl d'dj c ^>J ^j^x.l j ■ ^ II (j^iLwiI (Jc- J^adl V 

. JtJI p> -• (jx %10 Aa. Jj (Jidli (jl JxJj (20-9 cJjx Jajl) (jjiLxSfl SaIx]I J 

. Al^G jjx I Jb ^)JI j ^Jj (jl jjxj ^jjVI JaLxII j . ^qll Jalax (jj 
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^JO^v 1 1 






t 

Quit 

♦ \ 


tejjg? 

A Q . 


i • 4^ ids 


1 0 4 -j o 5 M « 0 3 


# :•/ 

♦ •• 1 k. 


jAli JAfr 







JiLii LjUjjjjjII :19.9 Jliil 



'.!’> JJ \.'£ " «S_jll ( _ s Jc- ' jLoJC. I aJLui jl A i-v '-v 1 T 1 Cjliiijjji] (jjSj ai 

(JjIxjII a, J- iq i *L<u 3 jjA Jal A_«ja]l jjj£j La-iic. .(4.9 jlijl^ (J *1' 

■lljj Laiic. jjaLlj lAA (j£J J tA .'> J-" (jjSj A-iiU^ll A i-s. .’’ill (j)i (pi) j)JJj^>j]] 

a_l]Lu> ^jl (J^LaaI ^ j . ^>qI' AxjaII (jl .(pi) ^Lj^iLlI (Jalalill Ajaaj ^Ic- pH A-ai3 

^Lj^ll (JjLxj]l A.JgVi i** '-a"' .(21.9) ij^ *''11 ; Aa^Ja_jA Cjlljjjjjll (Allioil) 
Aiaill o4a (jja (j^lj .jiUlij 5jaui3l a_ia.jA jyjjjJI jjSj (Isoelectric point) 

.Ajiaj Aili l.^.lj tA t-v .till 1. 'll . o (jjjjjjl ^rh^il 

La-lic. (_j_jj-aa3l Ajt_uJI (J_jj^a_j]| j.S.xu c ,Aaj 3 ^ ^Jl Ajtxull jljjj 
•AijjjVI ojill -lie. .CjlinaJU i (_^ill £jLall A >>iqVi,a Ajj jjVI ojiil (jjS 

jjVI (JjIjaII 4-hjuJI ^ (j) . Cjljjj jjjII a^Laj a jj > .^11 dAj jjY I ^_jaj a_JI*JI 

AjlaJI oi& ^3 .A ')->. .till i_ilLaJI (JjIjaII ol^a Sjjj-a AiiiaJI ^3 _jA A i*\ .''.'ill i_ia._jAll 
(Igj Aj^alaJI ^jIjj^^II Jal*jll Ajafij A-ajj jpa Jsl) A W .till A_ia.j»a Cjllijj^ill (jlj 

. -lia. (JSuolI -SaJJjJ 
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JjLuJI :20.9 




Ajuj£1*-g LgJ Aj.\5sjai x^a'N ClAjjj j^)_lli 

sjU jl .(ligands) -M jjll J (Antibodies) 

i j cJa.i.i^j ^jl LgJ L_iaj]l ^Jajai ^ic. jLja-a £-a 
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I SjLol j)j .AilVI i /OLl ^auu La _jA li&j . “Ciuua 

t_g j'Wi (jl 1 g jlc (jV lilljj (J-lLuJI ^LIa i_J ji (j^s ^jSJ (j_$£j 

^iws 11 <aal£ 4.^L.na ^>3jJ i. ll)-i"n ;4_llc.j - 1 " '' \f'J J. " *■. '''t* (_ 5 ^j 'ijLja-aJl ^Laa^-Vl 

^1 »aV I L» r jj . ^jjj j jjll <jxaj 4_)^aj A > >i q i j (j-Q (j£LaliJ ^gill 2 t^-i^ll 



<fLuj .(22.9 JiLLl) (Spacers) cjLL^la jj jL <je. i_j£ 1I djLjn^l 

jli^l l # 1~SJ CC^llil ^9 (J^axlLaLj tilli fi^Lall ^»ilA 

^j-aL-a-a^l ^A\x a . (_£*1x> 2I £-<a j)£-<ua (Jc-lij (JSIj ^aujj ^i^i AjIaxj Jo-alill 

Lil£ J^axJI SjLa ^a^^Jjajjj I^A . 4 \)x a dAj^£-o Jj-a^l A_jl«la. AiLj^jja A^lVI 

(j^IVua^ll (j-a Jai3 aJJs A-1a£ Vj AjIaaJ! ^liSkJ V j tl j \jlL j ^ jjIaSI 

jU^-a jlj (.** cJSLuiaII aju ^jLtj <UL^)ja]l ajiA <jlj l^lc. .(EluCIlt) (JLaJI 

A-illc- (j-aU-a-o^V I j)j LaS cAj ^j-aL^. jU-ia-a ^xn^k ^)J^Jaj ^4*Wj 
(Jx-a^jj (jl j)£-aJ ci*^! (jl .LjUajS o^&lkjiA j)^£j Lo Ulc- j 



.s*U£ll gi jl-ria Jj U* (Detach) 




.AlWI (j^L^aJl d jLa c_u£jj :22.9 J^ulII 
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Innovations in chromatography Lai Jl^> ejtc4.ii) 

J W (jl£ tl2l j&jjLa jj£JI 4jLoC. (jjia-s"' a^yHxM 3 2lli& 



Ajjljjjjlj t At.mij i A ^ i 'll ^ ^ oj3 J4 li'l a jVwi.o jl ^jjal 

j^22 IxjLo Wn.n (jl 12I^)C. jjLajjSii] ^^2 i . (J i^ill (4111 121 jE. jjLo j ^)£) 



(Centrifugal j£^>2l JuilL Jj^aall 12 IjejjLojj£ ^ ijlldl LS 1& 



(jj^-all £jJj J22j Cjliiaill oil ^, iVu . n .partitioning chromatography) 

. 4_lia]l ^ 4_l*_l2all Cilia. jlia3l -s'hnV 

(Stimulated moving "SjliaJI 42ja2dl jj^dl" ja j 2VI j^kill 
■i.uliaj^ll j 4A-iil/.\n^>ll j iAjjIliJI CIiIeI n^ill ^3 £j2j (JS2li ^^21 beds) 

(J!)La. i^ya ^jauiuill j dll±l.lai] ^1 lVh.il 42^121 oil ji jj ,4 Sj32I 

^laliuLi ^^21 4*321 “LjjJaj AjjlLa) (JSjUj ^al je. J.^ qll J.;».;;i 

A b ml 4 _ jjiah o^ajjawill 4Sf>aJI ^iaj .(23.9) (JSu2l ^>lajl t(LllljJC.I 



(Raffinate) CILiL cs ii2l ^Lill j j^lv'i..i3 i j j (Ports) 2221 jjjii 
J*i ,2 LS 1&]I Jaill 4*il2l a jail jl . 42121 a j^2l <j* (Carrousel) 42u^ ^2 

i_^a*JI 2j 2 _j£2 (Jilloil o^-a-VI (jla li^-jj 4 < _ s lc.l j2 ‘ ‘-2I ^22-21 ^221 




a j°*. a " 1 aB Ualji jjLjjS : 23.9 JH2 
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L^liJl fjjj (■ La 




y 



lOOni 3 



70 "i 3 




LilaJl *U 25 m 3 



L£l»Jl LtL 4.5 m 3 
^SJi 0.5 m 3 
£iUJ> 0.2 m 3 



ujLjUai - :24.9 



Sequencing 



cjliii it Till 7.9 

* «» 



(J-axj > 11 ^Ja^ll ^ jLa.C’ 

4 jnS^'l ^3 aI^juj j 3 jj Aj 1 aC« < 1 £jouJI & 3A ^-LJajdl j . LdxJ Ig ks ix \ 

(Downstream) dUJU-c ja JIU Jj ^-tid 

jl^l -(Intracellular enzyme) 

^)-<d-<JI (3^° Jijujl dL^JLt-G ^3 A1 £jouJI 4<9ji^J! ^3 t^dajJjol 



A3Ljaj ^ (j-Q Ja£3 Allis 4 _lo£ 3 ^.jJj . s-Lol! ^-uUJ ( jSd (24.9 (J$uj 111) 

1 dll 3 Aj^jUllI A-idj^l dlj^£-o 33x-a Ja.il.4k J] 

:iia 4 _iSLj]! CjljjfLaJI jlik-VI (jJau iiliui Inn anil 1 _)^.V j .AqVi-s^ll 



i^^il AjJii-a jl_^a j j^Xol £-a f.La • 

CllLajjjl 4*Jjl • 



.l£Lk!l f Ua^ U L • 
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(JSjuill jJajl Jalajj •s^l Ajuj^\ 

JSjill ^ jjL ,<liijj l nl& j 4.3 l_i ^ jiull jA 3 f&J .(25.9) 

•“ULuC. ' g iq«j ^llVn.ilj ^>A11 (JjLujI ls 1c- Jj^aS A 4<iC. (25.9) 

^3 s.^^21]! I.3& (_j£LaJ . (J-lliil! ^1,1-s'nulj A ' ~\ » : >iH (jjLoil ^^Ic. 

.<iaLuilJj 





4^.l=2t ^ In j Lm (U_jiui (jJa 200 jl-lL&j) jLnkl 

^l.lVnulj 1 g j 12/liJI 4l~s\~s i 4_iLa*J! l-lu .100 1T1 /Ilf jl-iLoJ 3i-a 

.(Intracellular) ^ ^ J^b r- ^ J^Uii UjV (Homogeniser) ^uCU-» 

'La.'iVnu.dl AiUall g H > ml ^^3 4qK1l Li& j i >^> j»L<u-3 4_a4_i. 

A la ml 4jq..o"l\l -Cilac. .(3MW (jjSj (jl (jJajjib) AlidiJl j 

IjLoj l _ lU->"n -ClLaC. (jli Ajlil] a_jj» >^> ^LiaaJI LAaj jjl LaJj 

.(Filter aid) 3c.Loix J^lc. 43Lcblj ^ j .V: ^2' a i j . 2a 
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^ja^aI! A^»^ (J* Vi ClAj-Uak <ja ^-uo_ja1] ^LolaJ! (JaIxJI 

(jldlS ^JiaI AIaLo) (JjoiC- 6 J(j^^k ^gJl A_^L^ dlliA .^3^1! (JA d^JjaJ l»l£Jj cA-JaLaa 
£A A£.^)3a]I 6^)1 5jl^iajaiVI ^-uj^)A ^»l*ldjjajl .^jo)^)a]I A^x£ £A ^ jJAaII 

,b^)±& ^Jja^)J A^.Laa 

AIjIa C1iIja£ 0JJJ AjV S-1 C>Luia]I ^_uo^}a]I (JaIc. ^ J.W*n AJjaJJ^)]I <U£jouJI (j! 

^3 dll ^aI ^j! jl cL^j^JLxa jl tig an i <■ . l» >^nj ^glill A^L^all d^Ldailll ^)a 

^^A^LgJl ^JjaiJjl! dodAJ .^gj jJ^I (Jjldllj t^^A^ylgJl ^JjAjj]! ^gA ^ajJpVI A_i£lj 4 \\aC~ 

3 j 2 (jJAjjj^M ^ic- J?"^ J 1 1^ ^2k <jj j . L-J^Uaa]! ^2^.11 ( ^g3 t — ^ic- 

.4 (jc> 3 j 2 (JjJAj^jVI (Jj-^ 3 jA j t Ajj» >n dahLaC- ^jj£! ^3 L.J ^Uoa 

^g3 Aa.^ V unx>\i £.La11 Aaa£ j t L-Jj)!]^^!! 3 jaxJI (J^Ja A)Vi ^gli]l is^ ‘^ILIaII oJA^ 
Up • j£ JJ jl t, Q,)4dj ti3Li& ^}All A_l^.ijAil! ^gA^ylgJl ^Jjal^jll A .AaC- pUjI . JxjJl 

^AjJ .idl ^gJ3U IjAj .Aj3aa3I SjIaI! jLuJA JjAxJI ^3^ 

La^l^ fijlc. Adjj (jl nu^kllj S^jLuidJ! 3dl . (_£-1 xa 1I ^‘N'sll kdlx_dal Aj^Ij 

A UiM ^ 'J ~ ;-v . >■'' <jLac- ^jj j .^Ai-all ^ i sUtjJal S.j.j.ix*^ 

:ciulj (J£^ij aJIjJI Jxl _^*JI ^^Ie. 



tilalLaJI l^aj-N^tj 




.£jLa]l 4£. „ 



a!)ULa]t A A g jn'ii <sJalLaj l_±i£Ijj (jjj£j IjlA J_jAi 

AjLutll ^tiaj .a!£joui 1^j3 JjLoiII ^r n^i; ja t _ s i]l (Pankake) 

f 2 

tilljAj JaLiiSl a j|}-i% 190 HI *A HI -^.Lui^ 'a ^ 

-jjjj t_l]Lui ^1 W'n.ilj i^lli a.l^)i>.l j .JaS3 3 J 2 C)^AA_jA^^ Jj-^a3 

Jalijjl (jj^J (jjaa. ajSJ 3 iijjiui 3JLaJI ai& .5 ^jLolJ ^ n-^ jjJUA 

^Sjll ^<ua (_paiij (Regeneration) a 2L^ .liuuJa 2 ^jjjVl 
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(JLaJI ^ys A_ia£i ‘3 ^aJ jj^\ ^1 A..u,>lJIj .4 ^1 ^ ij-s jj-li^JI 

• A.115, (jj^J (jl i_±aj ^^lll t^jJ>j5U ojl!ii-alt A.t.uiII Cjlj^a ^lL (EluCIlt) 

<■" 1 •>"''' j (j-a 4jum (J-iLdll (Resins) CiUjjljl 

t_ya j!iij j . __)i_^al ^ jjl (J jLij CjLijjl j li^likal i—lJjai jA I 1 a j i 

• ( 26 . 9 ) JSjaJU 4 ~vj.>a JM gjllill J . CLlljx ^iic. ^ajjjVI jj£jJ i— ic-Ljal) jjl 



9 - 


-\ 


- 190 m 3 ! — 


O 


LA* 

*• 


I 




J 4 m 3 <£j^l 


100 m 3 


r 


•• 

°0° 


• 



tijLu Ju£ cAwiJJba 

3 MW 45m 3 95 m 3 



500 m 3 

. AjLulSI j_ji Aj^lixall Allkit j AaLuiaIIj ^La^VI : 26.9 

3 + 

^ jfn^all (j-a 0.2 111 (^ 5 ^ • 4. jLa* 11 -til 

3 •* 

. 4 m 5 -a^. ^Lj 

• A Vn^all dj^Ljaal! j 

o 

i^jai^)-aJI A . 5*5 j^a 54 HI • 

O 

c-Lq 500 m • 
.^jjVI <_ 5 -i\_jiiil ?.Lq 95 m j • 

UUa ! (3000 = E J*U) £j^\ ^ 3000 eiXjoiil ^■s ( ELi 

•3MW jEbj 45Ua (J^,j ^1 AlLja] (j ^ aIjIa i.ilil.i^5 Jl A^al^. 
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I A-JIjJI ClA £ 1 3 ^] 3^'S 



a jjl'vs (J^L^. 3* ^-A^-gJI ^3 iJ-a*lijaba]l £jLaJI A_ia£ 3^*A 

.(Jjli ^JjuIJJ 

Jj I4 a Cj] 'Ai^^all a.^£J £-jLa]I jLaC-I Ajljojj AJI 3 ] 

. S-IaII Cl 3L3a3 CIiLiaS Jl Jl^.1 £a cdll^jA ^Clc. 3 ' C3aj ^jCI Jill C jaC. 

^rl>/i C^3 ,^j jJ^M Jcliill J ^JjCjj]I L_lijjJ jjjsu jA ^-Cal jll 3.. Ut1 ^" 

JaS3 3^3^ aJI jjl Jj ^1'Wnn 1 n^j cAJL^JI aCA ^ I-IaIxj jj£I jjVI Jclii]l AjIaC. 
^3 . a^)jj-aJ AjljLaII Cl3Ljaa3l C1 )Ija£ (Jl Jlkl I4 a ^CjJjujj . ^3LgJI J jaC- 3° 
Jljlkl ^*mn tjlc- LT^* ®3*^ A-jJg >«Q Cliljjl£ ^I^JjujI A-SU. 

_^A Aa^aaII ClaVl a'WV 1 . 1^,1 jjj . aA£3ua ^_ioi^a]! A.flx.^ Jjaj j liA . Cl3Ljaa]l ^3 

a jl-vs c t Vi Ic^jj t ^ jja-sMI 33 -° 3^ a^jClLiA l_j^c-^)a]I 3 ^^" (j^al »^iaCI 
. A-jjj^dl AjsJIxaII ^Jj 33^ Cl3Lja3 (JLuajjl 3 ^AJ 

3 ^-aJ 3 ^ J • *^jV I JSLola c ^ i umi C_^a*JI ^3 ^j-aL-aACV I a- 1 3 ^.] 3 ^^ ^ 

(Slurry jilt a-ujL ^j-aLk-^aACl cI^a ^-I^Jjoij Jc«Ula ^^3 aj!^}aJ 

V Ujjj c^L^iacVI c^iSI ja jaa^I ^jIa 3 ] .adsorbent) 

3 ! 1 1 aIc- . CIAjj^aII 3a Ja-liAk ^-aL-aACl «>jjjuj . ^jViaII (Jj-a3 AjIax \ LillilA 33^A 
3^3^ 3^ (33>*d' (Jiuil dlL^Jlx_A 0j!jj ^3 ^»Ia (_£CjJ ^ Ai^lall aCA 

.A_i1axJI j.^a'1 jjSjjII 

CljljiAxl! 3 -0 3 ' V] 1 Jl>A.'l IjlA ^3 Ajc. 1 ij^all djj),^k,j31 ^jiaxj CllJ^)^,l 

jl (Poisoning) ^,ia.x 3 cillc ^ l-djuJI 3 ^jj .ULc. Ija ^-iil Ja^s 

.(Jc-lioll JajliJ 33^-VI CliU j£d! AJaLoi jj ^j-aL-aACVI aCLc L-lboa^J 

ajlj^ iS^^l b<iA tljJaxJ l g ksix \ ^a tiLLujJJ 3 ^ ^aUa^J 3 ^S 

.^joi^)a ^C«LuiA A_^.LaJI 3 j^j 1 i^aa ^1*113^1 (J* >J boA ^alJa.^k 'I A nj's 3^ 

l g i^aj ^^1 j a^uill Aj^ >a! 1 C*^ nK\l AjjaiilL ^JjoijjI^ aKx!ua ^ilklLai Ixjia 
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tJNMI olfrl A linjjl A K 2i.dl j .Ajjii. CllLaj^yj! ^lUiJ 

• SjAiuJ! ^jLd! j jlill (jjj ^Jajaill .lie. 



(jj^J <j! t_l^J (JJ><ull I^A qa ^lliLA/l 
to-lli. Ajc.1 h^i aAaC. J jSj S .13 kjj/i~s.a\l C'G>.o j\\ f -> i -s ‘ >)"’ (jl • 

t<SkjUll ClALjaail kjliajj jliicYl (jJ*J l . 1->J • 

t4_iLudl ^ya sjila -cLa.^o ^3 - ^ ^ N (Jljli.1 f.1 • 



<jj) cjl^cLowj (Intracellular) c$jl± JA2I fMf u-mCij • 
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aA^\ M J 8.9 
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Answer to assignments 






9.1: 6,2, 1<1 

9.2: 1.59 m 3 h" 1 , 3, 20% 

9.3: 8.82 x 10 11 mkg 1 , 8.78 x in 1 , 22.14 mV 1 

9.4: 0.12 kg s' 1 , 1.2 m 2 

9.5: 5.59 x 10' 6 m s' 1 , 12 mmol l" 1 
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Bernhard Sonnleitner JjUjj 

Zurich University of 1 ^jkl I jjjjjj 

Applied Sciences, Switzer land 



Introduction 



1.10 



^—21 ^A 4_j j jl CllLoJ y?j I JaLxj (JiLa 4 i j2 -v \l el]llal2u'21 

o^a ( ^lr^ ^ '» * ^ - 4 ^ djLiLutJI ^.Ijl 

4 Vi^'l 4iliiS (JiLo 4.m.,a Cjl^jjliia jjJiSj jl lillxS ^liiiljj . CjUaUiull 

La . LxJVlx'J jl 6^cjl jjll jl t 4j] j'j \ jl ^dil j\ i 4 ; , >> w' I jl j\ 

lilj .Ijjji JjjLx J£jxj 4_iLoxJI i s\ A& i ^Ljajj 4jtjl!ill alll jjlxjxll oLa ; L'i , ,'i 

l^lxJjwajj (Models) ^2Laj j\ A.J. jl.ic.1 ' nl»q uillj (jx (_jSxlij 

ctdliS liilc. .4j_^.^)x]l 4jLudl 4 al AaLj ' ft “'.'4 J* jl l^.*.jU3 (jlxj CjljjliLall 

(JSxuJ 4jjC.__)xil JJjJ ( _ S L]I SiLbdl alllj 4_}lii_»xi!l Cjl^jliidl (_)£ 4i__)*x 

.i_al^AVI oLa ^ alltjjliLall ajlA jjjL 4 ;a iS 4i^xx iill2£ j La£ cjUtS 

Terminology ejladkuaAll 2.10 

(J jixj .UxS jl j j L& ji jjUidl lJuxj j j :(Measuring) u-LaII 

jl IjjUxjS (jj^j Li jl iSjlc. (jjLiill (Jg ■■■ 12 a (jj£jj tLuljjja liiaj jjliLail (jj£L 
4 i\ ;U"i iijb J Wn4 ^Ic. (jaiLiall 4_lLaC- Axi*J . (JjjLill i lAAic-j iLljXi. 
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(_>uL} 3 ^lAiCLailj SaI c. AjjC-^all Cjl^yliiall (jdijj . - i ~d j 

(Known aliquot) ^ _jl*-a , ->■>*» . Jj t jjSjl^JI jj£jg (jAisl tJliLall 1 _yj~ 

Glucose nJ j»l a^IujUj (<_jlidl) ,jVl u P-D. Glucose <> 
(j^Ui i_iLs ^lAaoJj livV ^aSI H 2 0 2 j Gluconolactone oxidase 
jUi Ajy, jo. i jU& (J..U3I (jjSj .(Ampero metric electrode) c$ jjxJ 

CjUjaLji! AVumIj jj£ j Aj^lj (jl 1 n^xn 

.(Kinetic models) ^ ^ILuJI j ^u-all J i( Stoichiometry) 

c> Aul^dl cp cijU jk-Q ^ J jx^l\ gr bu :(Montioring) kjsh >*ll 
. a jLa» lb Cpj t ^ x^aAk ajj\ 1 jl A-^.LaJI 

. A, jb» \\ Cp ^ibaJ <■. l*\ wi (. > llli'n J! ^jiaau 

ajDUJ jyb jjc. j jAj : (Modelling) 4^1*111 j) ^u^alll 

liA jl .1^.1 J JJjbj ‘ jl J C . \ Ut1 (JjlJ jl 6^.1 J 

jl cp .SjjLg 1,^ lx ^ "i j! ^ gIa b^Ajus 

aIaSJI liiajjLAj jAUalj (J\ cc-jjjUll a.KJ jj jl (Calibration) SjjU-JI 

» (JJJ J)^» ■»<=> (jSjuaJ ^ (JiUxuJ Cp^ 6 IjLaC. j .djIjJjUll j C_jLl*jjiU 

L_L^J cAJL^JI &1a . Ifrjl lUiLQ Ic. l^ji) ^aJ 4Llll^)Jjb]l jl (JjUaj 

Cp Aiijjoui j <ail^-G U-3^ C5^ A 6^A Vill 

^A ^ jjA^alll jl A-^.AAill jli ( jLiuJt 11 a n»i^ G-JJjJllI jl 

• AjII w ^ LaJiA L yxA J dljl A-jaljoi-U 

t A_iLo*JI Cp ^ l-^Nh.^ll CjLqj1*_a] 1 -ikl ^ iar‘l -(Control) & 

jl A_i1a*JI CS^ .\Vdjgjl ^aJ c LjjJaLj^) 1 ^WIIjuqj 

dIa V . 1 q b.AA Ac-jjJa^-dl JalljH bo -Cjjlid! CIjI ^ jLilLol! ^P 

CllS jll ^ic- jS cojjjjJallj AlLlj (JjSj ^jl <C.jjJaj-ol! Jallill 

• (-5 J^/ J 
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dLdL/l ^ ' -■ J£d_; a j Vq'iM dl s lln,->.alt j^s aja*JI 

On-line .<Jliil ^U-all l$J Ua Ca,-isn«.all 4iLl*JI dlL dLJLkj-auJIj .dakll 

jj.iJI J.U3II Off-line (j ^nVi ^^ic. jAj iJ-alSJU ( _ s £jjLajjjl ^^jxj 

Aad (JaJa jl tLjj., 0 % (Jc-lLall (Ji.lj ^^Juu /ll situ . j-a Lad'll 4 liml jj 

(jlc. (JfrlLall ^ jli. daaj (Jats jV j^aaL By-pass .‘T jjiLI jl Jj£all 

jl*J -L .At- line LLrsl AM A jl<a» II aLA i(Jc.lLa]l jx L_^sLa tL jd 

^ 1 * i2 Off-line Lai .AXa j.sls'ill ^d jl (Jc-LLall Jl jji.1 Sj< JLlaII ^Ljdll 
dljj .LliLa JjlsMI jn-s.aH Jj 4 ja.1 jl£-a Jl <lSjj ^Ljdll La.1 dj Ja j I 

£ jj .s jxlauill jjc s jLiVI jLc. ja Continuous signal aj da . a . 1 1 ajLLVI 
jajj^-a jjc jifc aju J Ui (Real-time signal) JJJl daj SjLil 

jl jjA. ta jLn.nll jdljC-^/ da. (J. 'in <dLLa ^A j iJLaaJI <j£Jdd “OjlLa 
a jjhull adlsll A.aj 1c. jl (Jal jj£j J3 tdlxaJI dlSjll jjd jl £-a ajaLLall ajLuoVI 
V j lijliij 4_±La*JI ( ^3 Jjj L/ Ca.1s"n»i.all A iljls'lll (jjjall jx ddtll . JLaaJI jjc. 

Ajjj-a jl A jlslali JJC. l$jj£j jjjall a La (JlLa l d*aj!i .aL jaLall ^LLaill ^Jc. 

(^LjAill J ja£ JILu Jyj jj^l jjL yiiA jjav J (Non-invasive) 

.4 l;ls"i du da j ^l-s’ill <_±a. jjj3 

4 nulig II 4-ljjaJI dl Jail J «La.1s“n«.all dll >>ims"i.alt ^ J.as jj£i jl 4 js i 
A-ijjslI A ;l.a» IL Jaiijjj i jj-ol yia <i ^jLs. jl j is i jl ^ ii»‘ill AlilS 

jA tLQL^j id jLH j-a <jLa*IS ClLa^ J^L/I I La jLjJ .“UajLLa dLL^aj A Ln ul jj 

.(Biosecurity) j jaaJI j^LU ^ 

t^jjluil jl t^LI Sltl l^la la jJj^j “LulL C il uniislall jjS jl J IS 1 

C'lljLarll ^a l^-atls'nul j^-aJ ^^£1 “CCa-a C ll llWla dlL j_j£i jl i , IS 1 j 

■ Cic-l n^ill 
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— - 



n ( — :> f \ JWi 

P Ir^M > 



AjUu 




w ~V L 



' ^ i jjj 

(rpm) 



W Jjjua = F : jjjI*-a£ Ls^afr jjj*j ^111 SjjjaJI Ajla*JI ujljjlila :1.10 JS44I 

P ii_ul ill ^jj^uiSSU hi.hll =p0 2 i JjLuii! pH 4_»ja = pH thiih'l =p j\ 

sjjj) (Jliiil A£.j*ji =rpm 4£^a_» Alauiljj 4jja "• all <LuLj££II ojM = 

= Vl ‘(Aiaaj/JjLuJI ^a^/jULll Jjxa — VVH1 i JjLuJI ajlji 4_^jj =T 

^*•'1^ ax \ jLjoj 1 ^ j ji j QaLiA]l ^jl\ jL4j .(Jc-LLail UJj = \V c^Luill 

. (dj^a t ulijau 4 ulaLudj Jiaiuail jaj j4jjj <Uaui)jj IjIsjxmII 



jjjbuS Laj^C- JjAj ^_ylSI ljLuiLAII 3.10 

Measurements generally accepted as standard 

ui J j . Lo^oC- 4jjiq.a\l dlLuiLoal! lillliA 

(j^-aJ .(1.10 J£joJ 1) 4-ljJ^JI jl <JjLljjall CjljjlilLall ^gjoUJj 

\ g » > .~i c~c ^_9 J t jl i OyI Lifl6 Li£jjLa jj jl ‘LuLljaill d] ll^jjli.’i.a.ll a 

AjjJaJI CjljjlilLall Lol t^x viuia (J 5u . 'i i. i jl ^7/7 SitllJ ^ \ > *■> V 1 
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La t j..«l iuui jjc. (JSuluJj ii.1 .ixj tdl'c-l 'nn-iVI £-a t^g^S 

. dl3jll jjiAlill j^i Lj.li LLaC- (JaJu 

ijll jjUuaII :4jjjaJI 4J1&11 jjS jj 1.3.10 

Bimass concentration: The key variable 

(jjjaJI jlsLaJI j>s 4^.lllail A i-a511 liiuj jjLLa j& -LjjaJI A l‘i51l jjSijj jl 

V jja-a ijji*. Jfrlaj ^ILj (jjji. jlaaJ ^liall gjj -(Biocatalyst) 

CllLL-al j^i jl t A K >'»’i jl 4j^.j] jjjjall 4lilLa. jl 4jj]Ijl3 1 » Ihjl j£lj Jaa3 “CiliSL jLajj 
A t&II jjfijj jli t4 '» >.-i 4_lLaC- j& Lc-jaCaja aLluVI aL& CjlaCl (jl LaJj .(jji.1 
jj j£L jl) j j-ojll dlV Ji*-a jC- CllLa jl*-a j3 jj 4jV ^ >.i jjll jjlilLall ^gjlll 4-ljJ*yll 

jjjSL jl ja!»]I i it^ajl *Wl Vl»>i.all tliljiil t A n >iL j]| ^j^all jj j'n-all 

CiLiajjljluil j -a -li-ltll i_sCgj La£ . ^g-a jjillaSi 4 -ijj^JI AliSkll LS lc- ^ j'i ull 

I jl Lu3 UkV (jiallluij t^gj-aSVI -l^JI ^gJI 4-ijJ^JI <liSsJI jj^jli ajLj ^gj] a j In null 

.1 *n i*\ >--n tilL jl£ 



,~n.n^ ^gJuu “LLjla “LjlaJI <11521 jj£>jj .li.Wil ^gj&lll jL*-all 

jl (j j5jLII .lull A li ml jj LLLaJI JjL^aSj <C.jjA]| (_jLtxi j^ 2^ijlat-a <ia£ 
6^ ajl J2*. <^.J.l ^gic. dllL (J SuolJ jjjj tig qjq-s’l J llLUJI (JjoiC. ^!i t^Jjujjj]! 

<llaa j jl Vil tillij t4 jl-a» II j_g3 ^-axlLa-all (JjLoJI jl jlr- -La. jl j j3 CllL^jJ A a > -n ’ 

Liit .>i CliaL 105 C ajlc. | a, , lVn>r^ Lj^LiJI <iia£. (JjLjiI] j_g^j».uill t 'njl^'ill 



al_jgJI j-a A£.jiai]| i Sjjia]| ^gj Jal a jl jaa. ^al 'iVu.l j^ajj tAjjLall JaLuij^U (j 

jS-aJ t^JjaijiH <3jj (jk. jl i—jjiiVl ^ <SlLaJI <liSJI jjj AjJlatJ Ju .^iaa3 

A nn-\ Cjljj^a tllljA j£j ^1 I jl 4t gi^VI jAill (_gi jjijSlI jjSjill 

^gic. (Jjj-ataJI j^-aJ “SA aC " J^Lk dljjfij CjUuijj jl (_5 C, j_^l 1*» ‘ ‘‘ jll 

(_g3 Cl il ' -a >'i'i ^1,'i-s'niilj t qjq ja~i\l A iUc. ^jjjaij j£-aj . (Jjjla di9j jjj-a A -sjVill 

t (Microwave ovens) <jj j£jLa]l CjU. jJI jl jal jl a I j-aJI cii^j <*J;V I 
(Jjli-J “CliC. dl3 j]l (_gi <jl VI “CiuiLia (JaC. (_3jia JjJfiaJ t_ illi'l; li& j^Jj 

. AiijS J 3 0 j-a J5V j A jl-a» II a I j^-V ^ jVUI Cli3 j]l j^ 
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AAadlj yjj'sll A I'l^ll (j jlu.na j)AJ “iijjlc. ALajI (J!ia (jyil AJljAj (jjJa Aa.jJ 
<jJajC. (_^A j Ag •s Jl 4iLyia]l aAA ^ViV' .<jaJI LijLiJI AAc. j! LljLil] ^^1^11 

able. (ja aC-^ILj) l-^?- >Jji« jjjuoJI (JilVil Tn^ll aj^yj/l (jl (jSiaJ . I J-iill 



aasa . j l . .-iA Cldj LjjlaJI AAc. Mi^jata ;j£aJ Ciy t (j jg 1* ■^dl ^ (Ia^jjcui 
tjjjja t'l-s.' lAAAc. £»a IsISjj V LjUdl 4jjSi jj^ljjl ‘LuilLall ydl (jl ^1 ajLiVI 



eA^)La yjli. <ij£ CjIa LljLi ^^A A 1 . ul j 5 LjLi ^.aui..) La jlj .a j^lm-all JJC- aJLsJI 
.aA&lill (jjJj (■ I n" imVI (jA “UlaJI aA& JlLa jjSl j tjjjlAj 1 _ jj j 



Jljj (_£ jli. jjkJ (OD) (Optical density) yj j^l <ilii£JI ^ Aiid 

a q;°iliA (JaC.j ^Alaj Ail ^Jl yLadl oAA ^I'Wi .^aAAll jlaxall (ja V Aj £aalj 

(Turbidity) ajj£jJI ba4i aja^a jj (jaj “^*1^ y jl a J AS'wi > (jl*_al] ydiia 



^gj * - All i ijall (_>al-jS jl ^ J j A.da.all Lljlill jc. yjaaiall 

asIaSII yS ^.Ay .jiajAli 600 ^1 jpw ^j-a Jjiuj (Spectrophotometer) 

I JA-J j c a yAal] yaLaVI ‘A^jl A l .V I ^| juajjl j t <_>al£yYlj ;(j-£aLaaaA-aVI yj ^oAnll 
ylAall Al yall A y. q ^ V- AtA Aaaajj iLjjLill i" il » -y’lj (JSdJIj ~a H ^ V- AallxA 



JSl j Aj-aa . Ayaj ^Uoj A jBkj Aic. . (jLtall yAl lj jlill jjc ja Ajlyyll j 
A h<« jj£yll Lujauj lAi. I Alia I jjAAJ A.lVt ',11 oAA jli i A^)ia (_^jA^, ^Uaj 



.yjA^JI 



iLuLy.fljj jail! j yjL jaill AAl jalilaJI 2 . 3.10 

Physical and physico - chemical variable 

ojl^aJI 4^.jA dlla _jLta jSjJ tljjjaj i(_g jydl alljlclLall ^Ja-N 

y ^)]l “LajSl j jlill (jljjau (jAa-aj t^lg'niiall ’i jAiil jl (jliidl AjC . yaj JaiaAall j 
“di.jA a j)-»n>ill (jj .i—jlAall jj-s m^jjU ^yjadl )->» .><\l j t^jy jjAa^JI 

^tjjl aA tc-j/ oAiia laaia yauLuiVI dll ilti'iall (ja (_jaiJI ■UAyuij BjIyaJI 

AiAaJI ^g 3 tyj .ISjLui dy.jAl ^^aII (jyiV I dlljjlilLall ^^ic. a jlijmll ylaaJI cIaIj 

0 aa jil*j .(Exhaust gas) ^aUJI jlill dili jLa JaLA tyclydl djlila*JSI j>a 
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La£ t(Jc.lLalt jx 4_dlL2l jljdl tlllLlaaj (_£2xJ jUdl Jj Wl jl^as. jV 4_lal A il.a» II 
(jAl'ill Jk-iA J1A. j^i 4x.jjAl] A i > >>J^f 1 4JAJI A nA-al/ olaLa l^jl 



ijLaj uiilj JJ 4ildl .(2-2-6 Sjaalt ^1 t RQ (Respiratory quotient) 

p02 (_>alA jc. i al'Wt 4jiila2i “djja <LujjI_jJ joa-tu^ jV I (Jlj till 2. W -a ^ 1 . ^-i il 

(Closed-loop a ql» a \\ da_yaijVI e^fij»»i jl . tdlill jj~^ .AIM )\_ i ...-. ^ ^C-VnAj 

(jUjxu eiiV^*-aj tJc-lLall (jjjil jl) f -»>^l l Jla ejl jjliiLall ^^Ac. control) 

^jill Cljj*tll tllLlLaaJI CaaoiA. jj£j (Jfrliall j-a Ajjia j V_J^2 Jjl jajJI 



. ^1 loll' jl 4jt22ll j»d=uJ (_£^>a. j 



Cj'u^u Cu-aila tlAjjA. a2lc. flit . Al j *S )l ^p2l dll nu»tVi.a j • .-1 1 

^ifiit (jjl Vi . (Jc.lLa]l ^2 ^dalj jlS^a (_^2 Jajji ^aJ I.V-nl V (jill j-a 

SjljaJI (_ja_J*j ^^£2 (j^)l ji-. 1 * 1 *' 10 tS^ 4 - p02 J ^ \.Q J J'\.^ II jiijjil till nun's'll 

jl (_> ^ jll ^ .dU.n.^ull (Gain drifts) t.- uiiSAl l dljdVli ^Jaj^l 
J 100 U :Pt 1000 jt Pt 100) Sjljadl CAxuaJI dCjlLJl llO 

till nS .all (_pa*J jli (4i}22 l^ji (jl) 4ij_Ja ojia] (0 C ( __ s -ic- f2 100 

.1^121 jjldl J^ll jj t _ d\ fit 

^1 j (Piezo-Resistive) -UidalS Ca jtL» dl ,.,au Jl jJtfl jGft 

J (Temperature-dependent gain) SjljaJI ^ dto Uudii 
Jft .Wnt..a.ll flit > Al till nunVut j-a IL^ltxJ&l (jl Lal& t%2 j-a Jijl j jl jHI ^^2 
t_jCuA 4JS2J fiat > j-ill 4i^)*-a ^I'A 1 . (JLaatluiVI 2 j 2 Jl jj V J£. iaj ajl j^JI 

VluiJlj .^j'sutll 4j\.aC. 2* J 2jjjjll j_Ja JllV £-)j2 til j2i. ( a2C- JjJjllj ValLdl 
(jaul j f ' "'VI .'VI tllll jV jjill j tJaadall tlldi (j^)di ^Jlll CljJ^JI tllUclilll 

.^jla e-^^-ti ijA A it .,-1 11 ojLuiVI (jli to2c.lall 

I ;I-Sl.1 (_g jiaJ t2jLa > J Jj2 (jaiJLa ^l2djjlj a2lc. pH CaJ t_l2l ji 

Jjall tlijj.^»^ t jjSj AiijjwiiAll ajLiyi jl .Ag/AgCl j-a t_Ja2 
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1 1 ; ^.n.-ajdl t_llaa]L d duV JJJ^IV 1 jli ' y 'j . i—lUnSLU ^ll^dll y all ^gk 

Ca^lLa ^ ji - ’' (_jl t (^uLiill Jjk-a j A_a ^jL j A (JLadll ^ L- j ^£j jl 

pi^lj aj^I sjU^V! ^ ^Ladl j^UJI l-jL^^JI \ g iumj (jjiJ jUojI 

^LJI ^1 ^LojlLo j] .ajj^JI ^)jLola]I a ^9 (Hydrogel) 

j t<l£jaui ^JaJ ljLi^.1 .Ag+ AjJaall CllUjjl LjJJjjjJ £-1aJ Igil J] 6^14^ 

Laa t j-oj]l ^ 9 ! L-J-uj^ill jl ^jjj (^-aL-a-a jl l > iu*n >U 1 I M Udl i3dl 
jac. t_K.Tii sjLiVI jjiiiij TG GG jl.vLai ■LLLj^dll -dajlia dLj yia.L^-ii 
klLadAM jj-o j jj v A“'J f J^ll ^3 e3a.lj pH a3a. J J) (J 1 33 j33j £Sjia 

SjjjiJl idiill JjjLo jjc. jll j*dj jid. j! .(Response time) 

aILlS j jjjj ^lii 4 • L • ‘ ^ dll j jdaAail jj jaic-Lii-all j-a 3l3itll j jJa 333 1 3 ] . AjjI 3xll 

^gk jji^'l jaiill (_g^ ClLail 4 K .*■»!! .4 I-.1 jll L ' <1 JaS^l J (pH-FET) Lilia. 
1.5 ^1 _ja. jl dll j3- ^^La 8 0 jaxd 1 3A ( x_Iju 33 i ^jistiJI «. Lijl dll j jd^idl jjll a 3A 

.t^lliS LtSjlia j^fLLG pH a3aj 

i_jlLal a-^ lillil^ LL j3a. jdai (jjuaiadail Lua ^ V- 1 ” i3a'i ^lill dlLlaii jlill 

i^iil j ajLIo Jldi didn ^. ^ill t(Redox electrodes) i_y& jJjjII 
o3A j3jj .(jjJj^fll (juLuiaJI ^Lajil ^ya L/ 3l (Pt jl All) Jdi (j3*-a L^ijla 
‘ dllj j JJ^U j^uaII ^)3j!ill ^ya id jdxLI j <li5La]l CjG _ ji*-all (_pa* J i-jlJaSVI 

. e^) la nil idl jAliUI ^^2 lia a. A -a l^jl Laic. 

AjjJAaVI (jaiLS c_da9 ^l3aduili ajlc. pO? 4-al3 i_i3!jj 

V .(Clark-type - liljLL^ £ y k _-^_i) 3jia aLid ^Ja*-a (Amperometric) 

All 3 J 1 L— iail (Jc-LLall ^3 1 . _ A 9 II (jlda (_j£l j (Ja33 aLuaill ajldVI .. 3 x \~\».~1 

Ajjlc. dlltlas 3jik, J ^a3c. (j-a jSLill i_ia_i . (Jc-lLall 3ja^ j JLala.1 i. i in.il 

a^>AUa »Lui»Jt C jl a nil dlljjldll ^aj (jl La^ . a LuwJI Ja.13 a jja a a 

.^jisLu La I j3li Ig i51j 
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w*. ,N t ^ a<j Laj f. jlxll J ^ ~ Jlg^J ^uiLuil 'St ^ rt 2.10 

Jj 4jj £■ AJiUI ,>.ll jib jn. JliJl Jl^a Jil±« jaj ^jlxll jlill Jii < -ia-j ^g.1 ',^.'1 
• jj£l sljil&lLa (jjj jl aii. ..SM JjLj Jal (j^s Sjlfi. q_j£j .1^1 j QA jj£I .4_ioilia 

^jj . J^J j£ J jLuijj A£>jmij I ^ »-■'< ^jj i Jla aJI Jl 3 jfrj ji Jlc- jLuaJ J ^Alc- 
jjjiLS ^jLw Jfr IjLuc 4 . j£i CjLaLud JjJaxj [Jjjl a 4JVI J) i—ij^uj Ja 

^4 i a^a-v*. J.hIuM jjjjj a" )i& . jUJI t (jjJUJ .Jl Jfr .CO) J O2 CliUi^s 

Jlfi) ^jSija JUnluil .j '''"•■ '_; i JIa J ^_yi . 

1 iSjj I jli . Jc.LLa n wl j 5li jS i_llia3VI d2a (J<a».TnuJ i^alc. (J**. >*> 1 J 

(jlj Cluj Jc. Jjlc. lil Vj 43hjn.ll (jSLaJ V t JLudl ellil L_ilj jl (JaxII (jfr UluJ 

(Housing f.ljj'VI cisVi (j) jh» I I oi& JJdl (J^h Jl o^>a. (jSuu Jp. 

.,_ 5 ^)J]I <jjjaJI Cj^lclLallj ^tuVI diLiLac. J 3iuLa o3ia devices) 
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1 _ '•N jfTuu'j La LJlc-j . «.Li*JI (jVunj <i£Llj »■ 4 oK\l iAt-J ^dbtSI jlill J ;S-s3 jl 

St cjLLikj c-LoSl jLi-j jj .l^JLa*lu)l die. \ >.ot -3 lAliiil jliJI c_jl S-s ^ 

ojC.^j]| j\ f,LaSI (J_ji.d j tel^aaJI i." 1 V] 4.»./»iVt [_ya\ ..n’l.al ^gfc. ^jill CO 2 

jl 1 . 4ft I jl jt ; -N S' jl _jAj .lajdu dlliA t t _j . L^jida j_j£j jl jSLoJ 

ode. ^»diij (jl odaJ j <SV jfLoJ .(2.10 JSLill £^.lj) jlill 1 qq-s" 1 J oje.jll ij-a V'n 
. (Jc-lLoSt j ^j^aSI 4iK ji£ JfLij (_>^j ILa j (Gas streams) jle 

0 2 jl (_}ialjjftl £-a t jlill JjW' ^aj3 jpa “Llllill dll jjliiall i. jjl lit jSLaJj 
^ . At cj^)ij/l -Llc-lidall djljliil) jl-lia._j]l jLl&tilall jl jlill LoA COt J 

j ^laj (_£dxij (OVR) jj2> nSjVI dial (Jd*-a (jt :(<gjLaui j^}i.l djl&ljaj djL j^q 

jl£ Idti .'Uli£ Ciljjtjj JLli. (j-o t 4g je. (Jc-lLaiS (CER) CO 2 51 

CO 2 — SI JSj jdxsj (OTR) j j-s > A jVt (Jij jd« (jli (Vl) J ;)» .‘ ' ‘ V'S I 

ClVt 2» 4 II (jt ill dl jLa’.J j tlj 4 frUI jj£ jj jl£ Idj i. . im'Nj (jl jjxu (CTR) 

dAjt m^>ll ddiiij •( (Jco 2 ) COt SI ^tiijj (qo?) jj 2 > .‘SjVI dlUg'untj <j-aLi2l 

i jlc J£1 (jyJj^ <^Sj ka-Uu liil .(Mass balances) <jli£ dAjjljj ^gic. 

iJjLuJI j jail jd j j jlill jjS-iSS daJ j 

_ MAFR in y in — MAFR out y out transferee (110) 



d(VLtL) 

rlt 



itransfercwL ^ ijVlk [+transport via liquid phase] (2 - 10) 



jj "V j L j G c“ s 

jjSjj jA C :(j jUll jji2l CO 2 jl (j.i > j. ^L U jVjaSI frjp. (jy j .SiLLtSI 

lAdjddj (jdajiij) e-l J^SI (j« <Sj£ jL^ui (Jd*>iS ; _jA MAFR .i_jljLall jliSI 

(C[o 2 L^ l ‘) jLLI dSLt^ll xaV (^aLkll (Jd3*-oSI q ^5 (4 jL^ou dldc. 4 L . „1 Jl 

AiSlLx, CjIjILI l^S "transfer G .. L " S jLc. ji .(q C02 ^rLid^LS J 

(_)2a i-o (_gA (_Jji.Vl (_jij ^(Source) Jdo^a-a ^_gA l^d-a sdiJj ^ : 4 „ , l\''AS I CjLjl jjll 
;4jt2dSI jjc. g- jl j^s (_gi 4 j jl j^y JjLJt jjfa JLL^. (j« Jj^jSI jl .(Sink) 
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(Pseudo-steady) cAiill ajjI j klU. 3 UjIj <dL»*j jfLy tklUJI till: ^ j 

: i _ r k. Transfer g-l ®j4*1 (^^1 cAjL^Uj J\} 



qV L x = — MAFR in y in + MAFR out y out (3.10) 



jUJI ^)j£l (-3J^ J -0 t A a!&]| dil.il.Ac. 

A-^t^. cilLiA ^Sjj <j£lj ) MAFR in II Ajal^)-«a ^aJJ l»^Jj 

JS J o ±\ Jiab aLUJI gU k— JjyV .LJ (jr jladl) MAFR 0Ut Jj 
(jl i _ 1-sj UaliJI jlillsi lil tCO? J O 2 t-lcU t<Lali. jlidl j_jla CllljjSLo 

: _jl I 4ijl j i_i ^ ^p»J 



MAFR^y^ert = MAFR^y^ 

(4.10) 

‘(1- y o 2 ~ y co 2 ) ^ (^^d' ) Y inert —SI jL lijj*^> cA, <ui Uj 

.MAFR 0Ut — II J *>dl 6 ;An.n 



AjT j- (RQ) (Respiratory Quotient) A. Anil Uuall 

J^*-o ^glj AJjuiillj ' ~v ;% . ^1 ^gijj lift ,jl tLalc. -{({co^ Qo 2 ) 

<akla. lilliA (_>*u] <Aiall i_jLuiaJj ;(JftLLttll J£ (Uptake) li^VI 

u£lli& i_y^ t^Sli <^31 A LjaVlj . J.j».>jV.iII ^-n*s j <al!iS> 4i^>*-Q 

ejLo_jl*-a (j»a ojjaiUa A n Anil 4 -a Al L-ll ml i<4 _j^JI (jLijjui J^3(-a ^Jl 

:Jaia jlill 




(5.10) 
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1 (j-a 4 jjjS (RQ) *Loja ClljlS I3j A (5.10) Ja.ui.iV 1 Ax u^a,ll (jj£j 
<> bji- (RQ) <*J cull til <Lk .(MAFR 0Ut MAFR m ~_ j) 
^ A <. t ^ j Ia^Ic. j t jlilc-VI JaLaJI jl*JI ^jjl jj 3^.1 L-i^j Iaajc. i\ 
JIL^-aII J JjjoJI 11a ^Ja^V .(6.10) jJ?a1I Ax u.^11 ^Ia^IuAj (RQ) 
(J jAxi ljjjj*Ja (jjfLi . jUjC-VI (jJ*J .A^jp Jill C5^ djljlill 4-ijljjjill 

11 JLiaJ^II jljlaVt 4<^U3 (Jl!Lo ,<li£j| CjUjIjj J 4_iaLja] AjjLbajS Llljlc.lij 

. Jc-I pH J .Ajc. CAijjj^ll jl CjU jj jllnll Jt£ Jj CO 2 
^ jli£ SjjjaaAll jl Aija^All Jl Jjoil! (jjjLaa 4 -Jj* x^all 

A^iL 4 (Level measurement) c 5 ^La aLJ\ jj JaA cj^IoUaII 

o-J .Aa^x-aII .lia. jll (JaJI . JLaJI ^-Lluj ^Jc- SjC- jll ja gU-aC tilliA jl£ I3j 
ajIac jA J-ujj a li^ll <ajx-c J . jjjljA ^Ia^jjojIj JLoJI aja^j j& a K 2^,11 
J jA a£Ij 1I llilc. c lil 6(Jc.lLJI a. Sj£ <!La. J 4 Jj£]| dAijl jj l-jUa^. 
.4j1ax 1I g.Ujl tilj^jj V a^ j <_£ ja Jjaj AliiLc (Jc-lLJI J]j jA CjLLIjjjVI 

jl ja. <1 j£ jL-aaj J . Jl juill Jj jjuj (J Asia Aj AjLj ^Jc. cill A^ I AA ^ 

^Jj^juiJj C ^ Un"\J jl j^AJ 6 j-^JI jjjaj ^'■■*^'^11 (jl 4_1j£ ^ £aIj j jl jj^^lill 

.4 1*^11 jljjjai (Jaxa ^Jc- 

tiljLoa C—kti^Jj . IgliiA^ AjA^A \x >»*oj Jill CIjI jjljtlLall jdJ jA Jb SjC-jll 

(Jill ^Jc. ljjj£ IjJillj Jliil jlj .eliajll £A jliJlj dJjjadAll Jl JJOllI ^ 6 jC. Jl 

4(illj ^-<a .6 jC- jll J 6 jj'X'^aII LjLkll A^ji^. Jc. J Ajlc-lSa ^U^jl ^ iumj ^ 1^,11 

.ejULxll 6^-1 jl ciAjajlja glj^V 5Jja*-a Aj^jjLqjjjI <ajja -i^jj jla 

6 JC. Jl CjV jl-C'/elil JjalS-Q ^IaVuhIj ftjlc. fijC-jll Jc- 6 jlaJ-uill A\\aC~ 

d 1a J jjj (jj^j (jl (j^-^ .Sj& jll S^Lja-a AjjLiaj£ JqI jC- AaLjalj jl Aa5\j‘A^ : )^ 1I 
jlLoll AJajuijVI $ JaJjuQ tilj^JJ ^A j iJaiLLa jl jaL.jj» (JfSkiiaJ CjliLjaVI 

.AC. I j5 A^.jjV j I ^A . 6 jC« jll jJjua^j gljjl ^ju jat^lLo ftjLil A_Lajajl jj (jilaJ l^-jl jl 

^Lui-a jA ^\ \W L«ijj ‘.aAx± U-3^ 6jC- jll ..Ix-io (Jlc. jljjikV AuC-jjJa ja 

. U^.ll j Ajj^lill A^jJLc ^JLui-c jl .ii^. (j jj^. 
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Aunlffit 4 j£|1jaJI CjLijAj 4.10 



Non - standard monitoring techniques 

In ) (j! 4 _iuCall jjc. Cljl >iuiiVi<a'l il (jSLoj 

jl ^jLaj .li .1 ^1 ^I'Wij iC )\ uiua'm i. “null j to j^a .1 (jc. ojLiC- I g -o j t(situ 
^.Ixl o-li-lc. t-jLluil -ia. jj .( 3.10 J&dl ^>laj!) JUaxluiV I Jj 3 ^jLajll _j_n,^iVi 

:l^ia j t^xj 4 j.uiL} 9 t“ '1 11 ? ill oi& jliic.1 

.(Calibration reference) fjj&l' ^bc- • 

V JUa jl^a. ^^ic. Jj.^1%11 <lc-li 4 ng i <1Y1 Cu3 jj jl iajj 4 -n! -t. 11 • 

J* 

Cul^t.'^l j jl^obl j)JJ i J 1~* ‘ [1 0^£^.V1 ' .'°»‘' • 

.(Process) 

.4. j^aLi. ojjt.ni bjoibii Cajia j ^ jLaj jl ^_i * .n ^J! C^bbl • 

4jl£jb AjfclxJl till j uImu^IaII 1.4.10 

Biomass - related sensors 

(jl 1 >>>;! Ig i^-a; (OD) 4-u j>.hll AibStll ■!;. Wil 

l^c. j Jajoa jll j tAjjliJ! djlc.lai]| 

3 ] .^.jjJal! ’ll j! i“ jl j^ysk\ x^a‘^1 ClljlS !3J Loj 3 ^jiaiu 
(jj . 6 ^)LujVI 6 - 1 uj ( 3 ^^ 3 ^ 

^ 14a ^jV i** iVi AjuoiVI 3 ° ^ 3 ^ fi-ilC' 3 , 3 ^ 

(Spctcictl) jIxjVI 3 jSj) LaiL^JI 3 a - u ^-j 

Jj3 3 -° £ jjJall 3 -° IAa j (( 3 ^ 3 ^ 3.^4 £- 43 ! 

jl UiljuajLall Jlo bllULl^ Jls ^ic. A^.1 jJJ L£)l^JI dljl£ 3j .-IxujjJI 

3 ^ .Aj«i^ 3 j£j V A3jjJa]l 3 )^ ^ (Pellets) CjIj^)£ 1 I 
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<11^1 j AjjUJI Cljlc«lii]l (JS J^)ia Ij^a-jl 2all 

L_fllj,J < a,All jl^aJ ^JjjJall c^lljjuill (j-<a CIAjjoj^jjJI j AjJqC-VI 

j! aIlJ l^UJIj 4-*JI l£UJI (jjj (_3^)SJ (jl 4.iiill (_yn jud^ILa (_^V ^ 

(j j ju (3^ j 4 ^jjij'sH LiK I Aj ^ lit'i CjI hi»>i%"u\I o : lAliJI ^Uaa. 

. A. 1 C. jj CliLajA x 

o^uU j .cjliijaJI u^utA sjjuui <L_a (Fluorescence) ^foll 
si-* JjiLJI ^ ^ lAUJt (Fluorophores) Jjfcll 

<mx,VI (>aUa>Sn j t(NADPH j NADH) Nicotinamide dinucleotides 

. dAit^l'nsU ^ya jLjJutJI j AjjLojjV ! 




4j j&ja utjjjla) jjj*j iilij ' 4 /ajl* LjiSljj V 4-ijjaJI Ajiaxil C1 iIjjUll« :3.10 JS34I 

Jjx^ ^ P j F) j i'* = (JtUil iSjjjaJI 4jj£j( j ■*■“< - :4jjjaJI 4jj£il :jLjxa1I 

iA-jS-ul S ja!I ajfrjtl 4jafrLi aj&jJI ‘ a^K = J j&jl\ i jjtl ^C- iajL4ait j 

iAjjliSI Lil jfrjjLajjitl = GC Jla-a = FIA sJL^aSI {j-ijm 4Jjaj = FFF 

3^-aj) I fljt-lM (jailAa = MSj AjJLc- 4ijLu4l 4jil = HPLC J 

wliUa i-'l a4 A ‘QitSjJjjJI a4 A = (_y£j±jj ‘(,_5 jlillj JjLoJI 'j£l AJaj j 
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j (jjail (jjj sjljaJ! (jjil! = TA * jjj = W i4jj> .i*> « ililjjliia (J & 
“Ua*jjj IplaJI ja Jli, liU ^Uj| jiaj ‘(4ia (q) SjljaJI jLj^u uluia, jiaj) ‘ aNi'l 
(4jil jjJI ji) (JJI Jl jUiu .(Ja j*il jLj*JI jji JilA jjuj tJclLail ja £jti 
• iliLaLajJ JsuaJI JauLaJI jaj 4£Ja ■ ab 'Ualj^il JUal Jl Jijjj • ‘CbajjC ^uil 4jiuiljj 

. Jja_a - Cjli Jn 



‘ _ ' - " j ■ ■' JUI e-lLi jli LLUJI (Ji.1.1 jlj ,}I_JI aiA jjl J deal.} La j 

.JlLdl AjjliJSI Cilil&ll .be a j?ts diuul 4iLl*JI bLa jl Laic. JJiJI 4iUSJI £-a 
SAii (jli LLLiJl (Ji.lj jtj jl_JI JLill CllLLalaJ JJiJI jJljjll (jli tiilliS 
CllliliSill Juc. 4_llai. Cuujl 4iLl*JI ailA jjl Laic. JJaJI 4iLi£Ll! jX-a j nul njm (jjiliil 

(Fluorophores) JLLI cbLLalaJ JJiil jJ'JI jli .JIUJI JJiJI 



jLa_)l JLaC (Jt -s 1 f^Jlil ILa jl .^Jjjoij jji (J^L’in j Jn 33 ibliijj t<Ajlij - " 1 . jl 

(j^a J.JI Jej . H ;VL>ia lilb AjjiiJI 4il!i£llj JLill ajLoil jjj 4 -s;^. ,si “liLLc 
Cjljjiuil (jc- I. Ll^ll J 13^. a-llSLa (jlliil a jLiol Ig-JjiiJ j]l CjLa J xaII (jli tilii 

. ^4jjij^>1I A i'^ll jj£j (jc. Lba jc) Ajtjjjaiil A ijuill 



(Electrical Ay\ ;j Jl' Sijbt-all -LjaLliaa ajgj b Wwi A. ilafr <- L J 
JieL <LU^il SJjLJI ^ ^ ^ jj-iiL Jl impedance spectroscopy) 
(J-a*j i" > . (j.iLL.^'^ll ji_L <x3l j ( a .J , . LLlb) Po 1 an sab lc •— j l Lb'i , . v .l 1 iEli 

(jjjUaii <Lliil Ajtjail ^3 j.j.'lll jl .(Jjlila ^JL^L (Jia. Jl 4 yj? -y « CjlsjjiLaS LLLkil 



^ 11 ^Jjj CS^ - liA AaliaJj .(_Lal£lLail j JiJI ^ ^ ^ 11 JJ-laj _jA 



. (.~3 — t ~ v ',^ J! LSj^ Sj-a ^1"'^ ' liAj .(J}i*_a3! ^J LlLLiil | ^ II — ) jJxJI 

aj^^l jjJaj jj j .iaia Vlv Jlj, a ' V- L jly i a Jjl&ll a jgaa.L/1 (_L>*j 



gjLiii 4 jM ; j ciiLUkj c-l^>?-l jj^y " jc a La •(Tuned) ' g ° ) jj j^y 

^1 Aajl ill ^)JC iaLau jLf I C1_:L J_a 4 L» . .t 4 i w.~\^ll C_:LLaJ jLail 1 0 Jl I La j j Jjj . i a Jli 
l^ya Jkl lc jj lilljA jl tLaic .4jjliil dllcliiil Jl IjJall -LmUa~k Jiilj 44axu jLail 



j^JI y&. j<jj jli j Ja^Jl (Conductivity) Jl JLli ^ j CjLLlIiLI 
^KJL^iii (j jj aAlia. Jjjia .CjUoU-ail (Short-CUCUits) djl jb Jjj-aa J Jl (_53j J 
JJj ^ JaLiijVL (In situ) ^9 CjI V\9 a\\ 
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ic. ^ ^ aLjUI cijllnLoll jl .(Image analysis) jj^l 

^Udjj ^aJ -l£]j . Ij^ldJl jl (jjxaLdlj C(J£joJI C QJ jJj tlg-oL^d .llddlj Ij^ldJI 

.(jjjxxall (JjNMl dj\ jVq n A q\“i^ .o S.viar <a 4-iixid (Jlddl (JjWt 



d u*n\ dj\ xxumV^II (j! I^A I^A (J£ (j-o l-g„a,Ix*n (jl (. . ^lill 4 _]Luj^}]|j 

(j^ S-lii-o 4_L<d dlLa jlx-o Jl ^.jjj (jl (j£-aJ Igda Adiljll 6 jLoiVls j-I^JI 

iiUj Udic. Jdil (Off-line Calibration) c$jd ^jJj J^U. 



(j£l j t 4.fl.Ua>a Ji ( Jc< (Jj)>^*s\l L_l*_x^]l (j-a . dulj (J£dj (Jjy dMI c — <3 j Ja £_ia^. ( Jc- 

(j j£j di dll jLoiV I 6 JA (Jj-g (jl 6 ^ ^)dl dlLai£j j . Lgj 3 (j jfLi Ajjlixill (Jb<i».JxnV I 

.A^jJall (jjdijj Ldlj (_£j^j ^jll dAjLaxll ^LiC-Llx^a tillj l**inl) Id^. b -Vv,Q>a 



Sj ji-4 ljUj£*&j 4iyic- l^J Jl!I Jjjiafl 2.4.10 
Methods related to individual Components 



Jg ^Idadxxjl ^^A t^JjJ^Jl djllLuJl JsI^g J Ijud fidldjl dlLuSdll (j-a 
ajjjSII *lj*aJI cdd AjtdVI ^Vu»j ^iSI (Spectroscopy) JJall cJ^^' 
NIR) (Near and mid-range infrared spectroscopy) (j^l\ <1*^ jldl j 



diLa Jx-a ^Jc« J (j^-aj ^ (JjWI ^VuAj . (1VIIR j 



^)a^i\c» j ^.ij-d]l (jjJ ^jdLixill (jjjLdl! ^Jj Aj-aJI (jjdJj i Ajl^kl d ^JiC* AjliJaJ 



c-J (_£^)^VI dljll (j^j . (AjJjddl dL^lj-aj-dl jl L_flLiNI ^IdkU) (jjijui^lill 
b^C- Jjidj <jjlfLajj AjLqx 11 *UjI Ajjila-all 4jl Jj^all (JLaC-1 (jJali^jl AjIaxJI 

Jaldjlj b duo ^Jl diVjd] (j-a (NIR) (_^3 AjjLlojSII djLajlx-dl diLaij .dj^jll d 1 * 1 ^ 



5000 (>a dil ^.ja ^dc ^ Jddjj C-H j tOH ,NH ^ J£ L_iijjj 

dc- 0 jj-c-o L QjJ-^a (j^ajl A^a^j ^ jSI (j-alx-alLal »^jo3^4000 

j 800 (jjj ^jIjjj c “i l > (MIR) ^ qlill (Jjldiil jg JLwdjojI 

1^, ^sljjdl (3-^C. ^Jj ^Loll (j^al x^a \a $ I (jl .^joi /2000 

^1,1-s'nnl Jj^aSJ AjIc-j 3300 J 1600 (_^A« (J Aj-ali.^ Axjjj^U 
.(Attenuated total reflection (ATR) elements) Wua*, ^liul 
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.4ql‘*v^x> C-0 J-Aqj j c_jijjj Aj^jJ-i\I C1iLq^1*_a]I AaLu 

. juixiill ^JLi LLiLa 0jjjj _Lu-jjJI AjIj j^Lq J£ a-iaiUI iAjLq^1*_a11 caVI-^J! 

. AjjI A \f\ aJ^jujI L_flLilaVI aAA JaUj i ^ IaAxj 

JaSLkJI j j.\^, 2 kl\l (Off-line) ajjaJI c 1 j^).Wj ]1 

.4 j\,a » \\ l A ^aJ jAJ ( A-Lk-^a I ^A^J-UJJ A-l ^£- Jy4 Ciilj 

Igjlc. (J.x^a.2k.j ^il\ C-flLlLVI jJjoiSj (j^4 ^aJ Ijj 4£Jj^all dAA ^AiJLailj 

aSaj ^-ix-sa) 6 ^j1-*-a 1I ^ , yfutn ^jl jnj .(On-line) ' iLqjjj! 
^oLaj jLu^l » Ig VilVi A na^'l S^LaU &Aj^}AJI A-iiLiall 

a. iixl! Ak\\<* CjIj j£-o (Spiking) AiLialj (Off-line) l jjAj aiA s jjU-<JI 

JoIb t — al x^i^qII \ )jj » ‘*1 oAlLall 

CliUj^x-ull J AjjjJaxJI (_paLaa.V^ 441 j»a ^LaJlJj ^aJ 41 .(4.10 (JfLoili ^lajl) 
^_y & j ^ t 4ij .(On-line) a jV'iLo jiijl s _j_s> * * j ~* j ajjij-sII ci i1jaJ_jj1Ij eiiV_j^41l j 



( _ 5 4l (Volatiles) ojLilail j! _^&ll iJjWi ^gic. ^jiillj ^ in 4111 4ljliic.l 
.(Electronic noses) Vjjj&WI i_i ^7 1 ^l^kluob 




4iLd) .(calibration) jjj a ull ^ jLajj jl±4 V jjL» Sjjjla :4.10 JS41I 
a ]■ iiiall ejLall jj £ jlll Cjlctiil AijJLa (j^u liJxj . p j'J41 Jwa ^jLu ^1\ ‘Lij&ja A * 
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‘(ajlxjjai) lift £3 jjj ji 4jLiad L-ia-ij A.'°^ " ^JftSI iji) jjaj J&uj 

Jiuill ^ __>^Jaj Jaft3 aiilj i jjI jj) (_sjii CjUjLatl ^ IjJu V <ji a-iaj CiS^I (j^iL 

^jLuull ( _ J lfr JftuSfl JLu 4I ^ a jj|j) ^j^SM Cili^La ji ^ L-ajliil jijj r >jJj .(tffeVi 

CiUil* jjSjj! L$jjjJj C J3 Lajj ;4jlJaJ Cilajlt jjj V Aiiuail ji Ija J «*'<■* all ja3 

ajLall JjS jj jLaij jje ^jHCI JjS jj ajLj iJHaJI Jj^u. t (Biological relation) 
<ILaJI jji iiliLa 4t jifill jj£j ji c^jVI 4llaJI (ji .(jiaCI ^11 JftauStl) “UijVI 

.Aij^ail JLaft| uaj ejjiVI 



a ja .ls.ldl dll'ift te!)Lc.l Cilia jj ^gjll 4-aiaj'il j i"'l ..i.aCu'l t _ ' >1 ■>■ ^Jl 

A nul l 4 i -4 jll ji jj i _ ; j£l j ‘Idiila jjjl 4 i j y I I CjIiLuJI 4jal jd oAiidl JiLCill 

• 4 qV''A is jada 4 jijjI ja adj a, Ua*a J-4*j jl <£_dj]l oa^J jdaJ .4jdjdl 

jj3 jpaj 4 £jiLajJ j\ oyjksii} (Jd£ll (j j)_;a \ l (Jjlldl j»a ^1 j-aj adjj . 1 

. (4 Jii'iiij 4_ia. Liddll ^gJLj 4(jl) Idddl ^j3 jaalall 

til ji\ ^aJJj 4 nLa jjjl a^)j)i<nj (_}d£ll (j j)J*a " (jjlldl j-a ^1 _J-aj .Adj)J *2 

. ^l_jAi]l __d jLiji IddiJI .laLuaj 

.Idddl <11 jl (Permeate) ^dljll J djil jll j* ^ Ijd Idja .3 



j^jldl jxs IftCiCaj j£»ajj tajjllalia SaLa i g IjWi aljj ^^all ejLall .4 

a*_j La i(jl) ^-4dl jldl ^j_^aill <ia -^3^ C5^i 

.(^iauall 



L_ia_)j 4ai*»all J)a.LiJI ^aLu^a jl <i_Caai Jiaj 4<jjlillj ^3 j^\ jillliJI ^3 
CaJI (_ S ^C- (Jjia. 1 (jl c j-s 1 jaLaa^all (jli (dll aj^lc. .iala Ciilj aladj (Jasj jl 
j^-aJ du^J 4ijjiaJ (S-aj-aJ jl l_liJj (Dead Volume) 1— udl ( -»->d l jya ^jVI 

CjliLi-a Jij !■_ 'i-sTi ^£1 dljj (In sitU ) duCa yz Cnoll ^ a II i-diiaCj c <jhn 

(Jaiaj jl i ^ 1 -NJ .Ll^jLaC o^)3 j!La CjLal -ai^ill a 1ft j-a (Jila j lift . ^>£-1 ^^11 ^1 j-aj j-a 

(Back growth) (_5 J( -?1^>1I _9-o-dl ^ _ ll-sYll (^4 jl^jai ij3*-aJj _jl ^) Ci i.> i lj <a_Cadl 
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e-UJI d3 j Joj-o Ja lij j 6£_£_^}dl dlsJ^aJ J ildjl Jj lij . dlj JaII 

JLd t£UJ Ji 6 J^A? jr iUill idl iad J (Residence time) 

jdJI c . .fti ^dUoll J A^JdJI dUaLaoll ddj (JaJj iAaJxi 

. (jj> ja^> J/ I Aj3 j. W.<a c £} jja <J] (_£_£i^-SI ^Jxa^ (jiaJ^xj (. * n V‘l\ 3dl 3ic« 



(jjdd A JaxJ^j cilli (J*3 iLiidll JaLd Ja-un ^Jj (2) AJldl ^Jjd 

Ja (J J^a £a ^i^Aill (_£^ad ^}a2xua]I Jaldll AJa-ujI^J jl ^ i^Aill tiA. Jj^jj jl 

^ijAill L fl.),4V,l ^Jj Iaj^jj cJaLd lad * \ ^Jj li& (_£3j}J «(KCN) (Ja cA-illjtill 

. a Jj^Sa A_dajl 3l ^a jl AjjVI 3 I_ja 1I (Jldj JjJ li] Ja^3 JliLq 

jl 3C«I Jl! (Ja ^ Q.Jln (J J^kA ^1 Adjbailj Aj^)j3 ^oLdl Adi Jad (Jud 

.AfujjLdl jl ^aII jl UiLdll Laid AJj^dl Add VI A_1JV i^a-ol^aJI 



<Jld ^ di ^ Lo Llldj < JUI ^ LSldJI *11 j (3) aIUII Ja 2£ 
jl (In situ) Lixda^A dl *s Ai^aII i > n^jj (.Jaj aJIj uAj ^dijll 

(J^a Adad ^^3 c ^ n^jj (.^ 4^J jVI Alldl ^3 . (J^IaaII ^jc- (JJlaj 

Jc- (Foulillg) dliui jll d j3a. jl (J^J c # \\y\\ L_il JadaV I A-illc- (Jc-IAaI! 

^lAdduilj jl (Jc-lLd! ^3 JLtll Jaidall AJajail^J ^joi^aII Jud J (JJaj .^-joi^aII 
AjfiljJaj Adda-o JJ A^.La. tAdda-o (JIaxJjojI aJL^. ^3 ,^-ujl^)il Aj^Ia AddaA 

^ L!)ldll Ajj .^joi^)a1I jic. j (Jc-IAaII ^ jld ^ (3l*-dl jJjdl 

U^ldJI g.1,3 {uJ ^aUaj ^jj $(Jc-Ua 1I A-lljlj 3*J ^LlaII 

jj £ jj sjLj Jl 11 a (Analytical cell retention system) UlAd 
(jl jA AjjojIIaI! dljIdoVI J jIjjc-VI idyj J l_l^jj cAjjasJ! aJj^II 

(Jjliul Jc«LaA]! Jl dLoj>Ja "ia'I JaI£ (j_j^ (jl ^ .aJj^II 

JjLjJI A^-^yji ^)l_)-dl c ^ IaS . Jc^LaAll ^^)ld Ll^ldJI d 3j Jajuj jJa j ^^)^a'I 

jjc. ^JIaII ckj^ J) (Tangential Flow) jljjAl aj^Ua jjSj! 

c > i wM ^I^jajjujIj sJj ^joiI Jl ^ Ia£ .(2 m/s (J^ ^L*a*JI 

.^-ujI Jl aIIaaII A-idjll ^3 ^Jj ^3juj djl£ tdljjAll jaj a3^c. 
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tJaSa ajjUalall jlj-all ^ic. 1 g W o»“u>il J . ,-i'Tqj j t A > <nl “Ula. ^Sh (4) “dial! 

(ji~s »n 4a»,La. lilliA Ajj • ,^'dbaa.V I ji d! JiuiV I jdj j dbjdl! Jib 

(jl 1 n^-aj . I g f Wi jIjj ^Jill jI/j efdl l 'JAl nVil ^j_jdll dJ iaa. 

l-i^Jj ii_]j&3ua (J^ J ' 4j_j^1i 3! (Jd-o (jlfi lij ^JjlII ^ u'.Vl (_pajiij 

til _jluj (jlfi El jlill J Jail jj jj (JjLaill j Jail jjjl i— jLuia. 1 Vl^-al 
Jjjja ^jc. JjJaJI 4 jE» 1I Jl IJajj (. _ i-sj Jill a J^_JiM . li jj«-« (jjjjall Ju 

IjjJj J JLaJ o^tfrl SjJijLall dU»^a Jl 

.(Flow injection analysers-FIA) jb.>4l '-jAk^ • 

.(J5Ij*Jj dl jlifl) tdljC. JjLoj J> • 

.(Electrophoresis units) JbjJ Jj did. j • 

.(Mass spectrometers) Jkll dukll • 

.(Electronic noses) <4 jj&ll *-s jl • 
(Field flow fractionation devices) Jla-41 jb ^)jal • 

Ajilkj j! oJuLo 4_Ldaj 4ij*d! Vj <1*9 (JLxll >h„J 

14a Ajl<w 'Ij iSj'^ 4-^L^. ciSliA <jli .4_*^aL^. 

CjUIaxII A-LoiLS CIl^ j\Vi u^ad ^jl (j* 4_ililaa]l CdLufllll &4 a ^lai (jjjl*-!! 

^jk^. ^a AjLkSlI J£Lu1a13 a-^a^jjuiaII CjIjjVI (j] 

J\ ciLyLkljj ^J\ J-cl£!i3lj ^uaij IgiV (FI A) (jljjjaJ! 

Cj\jS^\ (JS A-pl ; Ua,,)5Lll 

CdUj^ll (j) » l^-UI^kj jl ^j-Q oJ.W.ft I^ILmuLujI ^3 vVW^ ( B £-g-3 

L-lldljl (Jj.llill ^Uajj (JjLaJI (Jkj ^Uaj ^A (FI A) ^^JOlLaiVI 
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AkxJ^j \ ^Oja^H A_i9 (jJL^J Jslj (_£ ^y^Aj CjLaI a x«o j CljL^»jJa-cj 

cAljL kHi 0jlli3l <j]i 4£jl!iil! 11 a JjaI c_j jila-JI cii^jl! c_jjo^.j ^»Lkj 

jtnl! ^^Ic. j}^AJ AjI 1 a\c> .S^a*uma AiL^)kj ^)xli!j SAW a 






.A Yw ^1 c_a.W (jl^-o^k (jlS 111 S^aLaa 



• (5.10) ^ ^^a^A FI A jjLjjaill (jl^. (Jk-o jlg-^. lU^ I.1aa j] 
tl^-ujLiS ^l^)j <^111 SjIaII k^.1 j-aj jA jl ^LiajSJI Jc-liiill ^jj j 

— Sj|«lxJI jjlj^jjaj j)A Lklk cJ^j (jk^)-uJI £-kjl i** vWj 

AjjLjjill cjUJUaI! *ljaJ ^Ikill I 1 a .(Plug flow type reactor 

dIa ^aI .4-ljg xxij i ^j\ il\ nVl j (Jj-^IIj ^jk>l ViaxjVI j L_flji^j]| (JIa 6^1 j>a v\l 
(Jc«IAa ^9 ^I^aIII j)A ^a^k-a cA^ l-a^G- tL ftiwMl ^A C1 jL^JL*_a3! 

jliJI Ail jj <■ . WJ . ^).AJ.x.xiA (Jiili £jl-A (_£^)joiJ (_£.lllj (I.W. J* x -^j 

L_ki^Jj l«li^. kkj (jl (j^a^pijj t (jikll 4 jkc. (Jj 9 ^l^ull j)A JaI<JIj 

(Jc.lLJI l-i^J e-liJ! di3j L_iaj iA\'>& .diSjll J3U1I £jIa3I aJ^joiI ^ 

(Jac- c_ii j^)Ia i** Wi liis AjISjj ^jial^paVI (jS-aj (j^J ^ \x^iq \a 
4kaj (j* JSI ^ L_kll l a twill cJIIlJI Jj^xa A^ilill uj^j -^Jjk^A 

• %99 (j-a ^)j£l 43J AJjoOJj 

jl^_^, a J^xxal^j kskll (s^LxaaII jij kljYI jI^aSI jl ciA^jHaJI (jjAii} 

(^.^jJall 6-lxi (JJjLiS jl Uj jj-ia I jl^_^. Ull£ L_LujIS1I .C-JlxjjI^ 

^(Polarographic Electrode) ^ILSi^t J^kj ^kS jl < (Photometer) 

CljlxxiAxaV*lA^ AjC-LIa jl AjAJ^jjl (^LiS]! Aa 1*J (jl (j^AJ (j^lj 

^JjSII ( a^m (Jja Aj^5j o.Vk a (Jjkj 6^_^l ^l.^*ixxil jl t ^jjoS jJj^)1I (JjjIj^ jl 

.(Flow cytometers) a-jjUI k^UJI (j^kS J t(Mass spectrometers) 

(J^ljjll A-i]\a\^I tilljA ^jaJj . cilli (jnlkixAj (j.lt*lA (5.10) (J^xaII 

.^aixAll jkJI (J-^S (JaI^IIj jl^ y\\ (jV j^.LaJI 
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JjAaa (i) .AjjjaJI 4 jUt It (jAii (Jjlij JililuiV jVlla 5.10 JSJ4I 

Jl Jj (jLjjjJI jjjJujj <Uaul jj JS< «_i £ 3 _jaj j j^> . JjjLuJI 

(j3aj*J ( 1 ) JjlaJI j>Lud .(jjlLi Ja.aL JjU a" jU&u) fLic- (jjjia (jfr jliJI Aia 

(l) f,u*a j±> . 4 flaliVI Ixu 4ja_j*ij| Jaaaj 

5ja jJuVI (j^> ^3 ij^uJt a JlAui £&l] AjSIS s jji] j jjj JLuuj ( AelaJI i_jjLafr aLajL) 
^ij^uJI j aaA^,„ JiUIl (jli Ax£_Jjj aLa^ill ajlfrl J*j .^Ujl ‘ “jaAMI JfrLLa 

sLajL) j)Jj ^331 (2) a.^iU jjiaJ) SiajJii Lf lc- £ jliJI (jLjjJ) J*iaj ,|3a ialSJ) JfrlLa 

( LAaJIil Jj^a jl\ J*j a jlfr i( 1) »l Aouilla a jlaj " AeLuJI i_jjlafr 

aiafri Aj 5U Jila. i °°A „'l ^\ja'U JjU2) ^ja-aJI jSJj lAjlLa »1 -.,^.'1 ajtc.) Jxj .^3ja11] 

- a (_y.II jjjiuJ! Jla-j (| ill Invertase JjStl <ji .as jaJ! a±iL> CiLujjL SUu 

ljSjaSI JjJaJi i jLaj .H2O2 j Gluconolactone ^ I jjS_$ia. D -p j jjS_$ia. D 
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.luaji 4 '< a 4 lijia did (jilj <_yjd i-uaS %a t<_fcuil£ 4tadjJ (jLjjjJ! ^ 

Jj^aall V Jjl L-ia-jj JaUl! (_jjad! 4Jadjj Oi aJC-Ludl AjJjVI sJIa!I Jaflaj Lnj 
^AaII Jajjj <jdj dijj :)Ja 4 ag <i 4 Jjl i nil < dadl SjJai ,j^£j . bJa*a 

Lf lC‘ ^ y'- - i^jjall Jjlaa 11 jJLua £Jjai (Jj^a (i-i) a daj dilajJ aJxl < _ ; JLuUjJ 2I 
jcdj i^flLuaVI jjLj^ui! 4tajaj 4_J! 4jad jj 4i< a JUJI Jijj I&Jxjj Jcliall (j^> JLL tLilall 
£j>j (i_ddJI ‘ p Ldl L^laJl Jaiaj dua jjjLd tala JfrlLa jAA jjju^ f ja 

Jjla-a i_£Ldj dj jxj .L^laJI i(Permeabilise) dL j i!l (dLLSI dud!) J^jliuVI 

f-Ldl diiij Jjxaj ib.la4 Sjji!) eAA ditall Jab j ■■■"<*_; 4J*aj SjjaJ (j^ala 
.Jjjldl id 4a jJ ijjij cyljjdl 1 *■"!< JAaj .DNA AJlaJI sift d Jfrlalfj 4il]| 
jljja i a»iil£ _jA I iiiilSlt jls bl . I agdll £ jjdl jjaj ^ DNA jji jjI (jjiLia ^yA ,_ylll 

• l£laJI jLuluI jjjSj djiil L? iC' 4_jla j£ Jlaj 4jli dilatl 

*_c ^jLaJI .lal ili JL_dl 4 q l~.\ d (_j*ala ^Ladl - ' br.l i . j 4_jl tdc. 

(_jkaj (jl 4-j_pg >»ll ^ya . 1 g Yq*v dljj ^jLaill ^y> jlill 4jlj)/ _S _JaLall 

4-ulSJ,V bUd J (Certification) (JJddill dbilala Jjlljdl jla Jia-a jl^a 
p\ trs^l dlajluil ^gh dc-ld (_>“^ (b^Jaj) 

[_y>\ja^\ ojLJI Lii) Ji 



(jia Jjiaj aj^-al ^ i_Lilj£^ Jj! j!La J£joiJj AjjJaJI dll unuVbll ^Jlali 



j ^iCoLil.JI ^^all (_Jalaijl Jla Cljj’JI dl >ii>>i*\1<ill ^jLao (jj . JjLl jjoJI 

(J£jd (Joa.Aui.) Lodi 4 ...(Ja *11 'ij£& j . .n a j -tjqa'ill CajlLa 6j^]| 

Jc-li-oll cjLouja^!1a]I 6^a JUxIoj! Ajc« a Vna!^ V (In situ) ^ 3-0 

d \\ fijiA j ^jlj^)jaJ! (j^. j dJliA jV (Ex situ) 

^ ^ 3Uj j3jj jl c jl^j (j^ jW- u'j 

Aic. ^LiajSJI jI j-a 13 t cJ^j I 1 a . c Jdasl 



. A Ijj-S. \1 L** \\ mi 11 -N.^.aH 



(J-).Wlt 6 ^_^.V djlsx<a]! (j-Q 

C5^j (J^UdVko.^ ^*u3j 4 (JjLill A^e, 4 jVg lA_j\jJC«j 
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^3 A AjaAI .laJ o_^a.VI £>i& ^_u<aJ (jl £3 jjjj Tivoli 

i."iU»'nul |jl (.“'1 iU»ll 



~ yQ l 



l ** \\ \ Vo*1 












. (J-i.k.ill AjfLnLa jJ jV 1 (JlJ*iC>y t L Aajj^ A jl/aC. l g uaj^i (j-o j 60jllii3l 

Sj^xlLa dlli ^jLjjjoJ! (JjlVi a J)^k ^I.^Vu J A-llLaJI Clil^-2kjj]l (jjj 

Ig \»^kj £J^)JaJ! )* A^iu jl cA-^IxILq jl Ajjl j!Lq CjI Vk.l (J-OXJ 

.AjSjjLg jjj! 



Cj^k ^-Ic* A_^.^).1 a 1I J-jkill ^h»x) ^Jj ^)kjj (jl <j£-aJ 



l fl.wTi dkl^c. jjL<jj^)SJ 1 .(FI A) (jU^jaJI Cy* 

J\ (HPLC) iULaj JSU1I ^3 j .l_luj11c j jac* ^ (J x^xkW dj^lc-liill 

(Capillary Jill ^ ^ -(GC) \ > 

Sj^t ^1] a^x^ILj . J jii^Vt jjia jjj} j-c ^electrophoresis) 

(J^k Ia^jLui<q Is-kj ^jj£I U-3^ ^d^VI (jiaxj t (JIaaII (jLa^jjoi Aj^^j 
Jkk! jjjIj ^ n^n AjjlLi SliS 

J < u ^Ui-J J JU^ll t JliJI t (Perpendicular field) 

<jl£ !ij \ g Vk 2 * ^j>a LaLaj ^lAll aJIjI Ik .^jL^jjkl jl 



A_ia£ CljLa^lx-a ^ic< L ,‘flAg 11 



ajjLJI L£UJI ^LS j (Mass spectrometry) aISJI L_Lk Jku s j$aj 

jli ^ U ^ Jj a_^U. ^ aAjjU jj jSfl (Flow cytometry) 

(JflS (JLftJtHuil L_l^.jJJ . Ja'i^ ^.1 Cll^J (J-GJtJ A \\^W L <ajln (Jj\Vi 

L_J (jl .A_Ai*k! ^ iL<u]l Akaj ^-c Jai-Jall 

a^jUaii-dl jl JJL^o jlkljl pLuic. JSjuIj jl o^)jjr is-i A.^kli.1.1 3*ijnn 

a^jLujVl ^^^3 up c (3-^3^ (^ aJj-ss £.!j! J Lajj . a_uI jiil 

Cli! ^1*11^]! ^jc- 4kVlul.al' Clll^)LalVi ^ Ini') A ^^k\l (j-0 tkolkll 

^ k‘w» tlA-llc- .Ar N2 (S±a 6A_Lak Cljlj^£-0 oljLiVU 

.kis A j n>i‘i cA^lko A_ia£ A_-g Ai^xkl S^jLaiVl 
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yyj y (Flow cytometry) 4 jjUI IAUJI yUa jlgy ^IdU yj 
IJIj .(Off-line) Jcliall ^jd ^jLaji dL^aj^JJ alj^.)/ djj*-a 

dA 4yjJa£ (FIA) jLljjaJI yd JjA"i jlgy fi' n jVLj j\ g Al oi& ^.WumI 

(On- (Jc-lLaSI j.a».o IduLajJjl dF-Cnal 1 . ><jl jfLa J Ukdc. t^jLaill JJ. ■'-) V ' c 

* da j yl t-cs^jaiLo dLajda lyllac .1 ^y a A 41 od o _j 3 yaSJ .line) 

Clil q. A jm j -~xl ddliiSI ya jA -— ^ aly?J i _ s ic. djjLJI ad .idtjj . LAdJI 
4. od y .4dl!JI y dild 10 4 aljd j£y Ad 4oJjLa LAd 

aJ yaj 4 4 j1c- jfijnuJI jj. Jg II jljjjaJI ya JaLajl A li.nl jj ijjjda LiAdJI 

jj£I jl dij j£y .yjdl dJ adJ j yldil did ^Lal ajji >.n 4dj3 JAd jjai 
eiaj ^ jis n-. LaAdJI yjy a ( ^Jc. 4 jjJ ddl Lldjd ia jdJI jjl > ^ ya 

LiAdJI uliua y dj j£y • (jildll j\j j y » id II jl 4 ’* )* i’mII a jdJI yildj i ddll 

-ll-ldj ^tdjj .Sjjaa 4jjid dlj jda -lj.ldj jSy La£ (JdoJI j ; -.-s Aid JJLaldJI 
jl^y y l&jlya.] jdy A . A 5 ^ly'i a" it j iq~t ^I.IVumI Ajldll dljjdail 

^yll aldVl jJJ ya .JjjdJI UAdil yiLlii jl g (jjjy jljjjaJI yd. Jjlaaj 

* A i Va‘4 l d^- 3 IgA j*a 3 \ \ 



. LAdil Ajya. • 

.(Intracellular pH) UAdil Jdb yy.jj.syJI ^jll • 

.DNA • 
.RNA i$ jd • 

.duua dldajAjJ • 



yjd 4 jldb Jjjld dljjda Jaldj jdy 44jjjj]l yaLaaAl 4 . nl -s ^J_l 
ajdll j^jjai ^_nV~' iyijjjill y jd-allj idLajjjyij ^ y° (J^° 

yl y dljia o^u JJldJI aljl j^y 4 lym'i j!i£l oyyl ^IdduiUj .‘Cy.jljjyall 

. 0 y~ 4 *sJl (Jdallj lyLala-a -3 lAldil jj^J jl “CLiJjjai d.!j 
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Control 



S jkuJt 5.10 



A jVq ill CliLiLaC. ( ^lc. A^ll j &jJaJxu3l dls-lj^J <ja ^ » n/^1 ^a^xJI ^jj 

4_jl . 1 q u*ia AW a jLaa ^.Ic- ^ 4_1ix_a dl jjtiliA dljj ^Ic. JaLiadl ^A Ajj^wII 

dljLai^ AjfilS AjIaxU ^ j jd jl 4 »j>n Aa . jj (jl aAC-lall (JjjJ j £ 1 rn x uV I 

J jaII jj£jj jl (JlLo ^ab^UI dil j Sj^LaII S^jUlIaII dVL^JI AdUaA j 

LaLaJ L_llia]l jK'i ^H]| ^ljI^II j! jl jl 6 <LJjVI 

j! i4jjJaj*JI 0jl j}A ^ ^dl jl i ^ ja'ia. 1.1 SjUii]l jl 4 ja1*>C.V1 



,^q» a\\ hill jA 4_1 £jouJI d^gl ^AaxS! (J^JI . dl^^illdl oAA j)A A \f \ /m i 

Jjj-uj ^Ac. .sj^slIaII *I>!>U ^Jldl dj^iJI jL^-a j t j* ^rol aj^jIj a a)Vi1 

^aII Ij^ldll ^aj Jlo I (Jji_ujli]l c — (j-aij <UaJjaiJ Aj^jIj 4 a IVil c^JUIaII 

. ( jj* (_£Aa jl &JjLq 4_aj<^ (jj n» a pH j Aic. ^ >^Ij (jjfLiuj 

S^JaAuj A.Iaxjjl LijIaia 1 g'nM ja t dl jjIxja]I oAA ^jhn 'die- 1 Ti^aj 1-^-Jj 

.(Closed-loop control) Aili-dl <L ^dVl 



l^dal^A j lar x^>j 4 j\a» 11 ^ ^^^1 A Ag a dl^jliliA tilliA 4_i^ij ^ja 

tdVL^ll a^A J Jld dj^)3LA jdC« ^ELaSI d)j_jlill IAjjjIj jjl jl 

ss Jl 

.ll liM aJ.^*\ a JaLajl (j}3j Aa».jjLa]l A_Ia jalij'jM j L j ■ • 4 ir.l 'i . -^.11 CjLui^Loa]I (3f^3J 

^jljj (jjj£j Jj JUJI jJJaJI j£ JJJ JjL (jl (jlAl 4 Jllall Jjjwi Jft 

4jjC.^a Jjc. CjljUAiaJ 4 _ nn; <j|i !>L}la 0 jjSjJ j)l£ Ijl Lai .“LjjC-j-a JJC. AjUja^C- 

4 - I-NJ^ tAj.uiLi.nl Clijljj dluul Jll oLa (jj Clua^j .lA_^ajj IjvLiJI f.ljl J 
a_^=k'^lj A jlil-xMl (jjall Ja. Ajl tLalc. . J Jia (J^joJj Ajjj^ajll (jjallj 
i— SjJa CliaJj tAjlc. .AauJal j Jljj A qjq-\ II J JjJ V Aj°i-n ill Cjllnll J ALaLtJI 
AjajjoiiVI a jLiJui (jjfiaJ (jl La£ ia^JjS Al£aLa “Llislj-a]l AjLaC- (J£aai3 i^lliVI 
jjl 4 _ '~sj La (jn\-s i jj! (JjLaJ (j^rs |1 (jli (IjJj .Lajlj La.Laj JjJ L/ A ql» n\ll 
AjtSJllI allLiLaC. (^3 . I Jui.'l *4, AjjU-i -all AjakiSI ; jjl jl 4 (JLall Auuall Ajlc. j Jj 

IjA ^3 4^ajailj»JI 'jjla.i.all (jli ^e^alluuJI 4jjl jl-aa II jlj (F©Cl _ b3tCh) alji-all 

(Jj*-a iJsVI (Jft jjJA^-a (jjLaLc. (Jc- ■■a'-I.J (jill 4 Aj]jL?I a^Lall j& (JULall 
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AJic. ill cil^l.^.‘lujjV I 

:(Mass balance) oJljill 



d (SV) 
dt 



— S F 

— ^in r 



— r s V (-SF) 



(7.10) 



' g"i)4^o (j£-aJ V jjlidil 5JU. (_$l ajLall jdS,jJ (S) (_Jij-aIj i"n^ 

4jt3-lil CllLlLaC- ^3 IjjIj V) ^ 7 . "*» ^A (V) • A_ijjj jj 

J-lxxJI ^A (F)j i(Feed) (_S.}i-ail ^ AjJjVl SjLJI jj£j!i jA (Sin) 

.ajjVI si-ll tiE^V (J-la-dl _jA (r s )j S^gJi-alS ^ . a-N^l l 



A J \ > ^-iLallHI A a 1*41 (j! ^ ']* 1 1 Inna o33i^a]l A rnVlll .lie. j^glc. -^*' q-vll (jj 



ds 



)-!» 1 ^g. '"'‘s" (jli tal-li-al! Ax3.l]l AdLaarJI ^Jl Aj > ni.\Lj j tljiuo ^usi) -j— S 

: Jlsll c_i 



fH£I>_ s £I + V— -S F -rV 
dr dr dt ,n ! 



( 8 . 10 ) 



as .. ,. av 

O — ~j~ l_ijj^)J 6-ilc«j .(F) 1 AjjLuw* j <3 —j— Axu3 

D — — 



^ = 0 = S,„£- r s — S ^ = D (S in — S) — r s 



(9.10) 



JsluuI ^ g'uaVI (jl i. . rsj 1 J 2 J. 1 II (j}3.l]l (jli 4_^t ^ i» -a 1 

aJ\j^\ ojLall jj£jj ^1& ^g-a^sJI 4]^ g'nnV' J-lat-a (jli £-U*=l!I 

(CJgmax) U 1 ^' (J-l*-al ^gj-asVl (J-lst-dlj Ajjj-n \1 A Vi^ll jj£jj ^le-j 

I (JjVI (— u^)SiSt ^g3 i ( 1 . i-s^xi) tijUi ljLi*»a (jj£j <j! ^ua jlij 

s 

rs = *}Smax“ H - (10.10) 

s + As 
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(_j-alAll £_a Ij-ujLiLq (p) (J-^IdJI ^^Aill (jl (jiajsl lij 

; Ail g *idl <jJaj (Jajca! (_£^jj^dall JjuiaII Ji AJjVI SjLaII dEAj^V 

<Js 



F(t) = 



C. _ s 

v^m o 



XoV 0 e^ 



(11.10) 



tAi-iiiill iad A 1 J J (JjxjolII! (Vo) j Ai^^iaJI aJjSII j>j£j (Xq) l 5-^ di 
(Jaj dna-i (S in ) i 4 jJSa 1.1a. S^jJxjL-a (S) 1 Ap-laJI 4 aJI (jjj Lodc-j 

^Jc- aJaJjaill A )* ^11 A K JI\aW Jl Jdl ^Jjja ^jC- dll Jiic-VI aiA dlliliuil . IJLaAJ 

.(F) Jj» dill ^UuaII Jc- aJaJjaill l^)Jj£ -lajuill 4 K /ma JJ (S) S^JxIaII AlLaJI 
A ql* a II Ala jdiVI S^jlnun (jl VJ 6 Aa.jdiAll AlajdiVI a Jaluj JaAj ( J ajlc- liA (JjaJ 
ccilli £a . AidMI j)l jdl A jvwll Ai3|^}a 3I jjjJa (jc. A Ig m jjjj (F) Jc- 

£^}a II ^Jc- L_LaJj " L-ix-i^a ^>a! jA a JajluAl ^JldaJ ^liliA CJLi^xj J (jli 



J La£ jLoia Jjlil>a)l a-Liil dldajal jll a.liA*JI dlldal J^VI ^.nlj V (jl 

<jj (jSij (Vq) ail^. j ^-uj _>a^i uj^j v 0 j x 0 dsi jjiiiLaii j 

'jj 6 pel'll A a Jc- (_£ j)3Vn ^j]l cAlLa-SI aiA (j^Aj La£ .(X 0 ) ASLa. <J 

. lg.fl.nJgj (jdaJ Jdafll ^ iLd jl ^Ji>^ J jj dc. jl cLn^aJ dll *>il jjfl^l JdAl 

jl AnLljjflll 4 jljy dill dll JJuaII Jc. ajlc- 4_fllxAll Ala jdiVI a JaJjjj jJaJ 

^jJastJ t^al j (jjflJI j pH 11 j Jax_daJlj a^l^al! Jja Anl j xtjA\l 

cdl^ajVI ^1. WnJ j^Ajj .(PO2 ) o-^AVLj tdll jlxil ( JjJI l^i* *>ill ^Jc* ^jLi^VI 
^3 clajjaiA Ac-jjJajAll 4 Ajqll j ft^laJjaJI ^jIsLIa! AijaiSakil A.a ; )^.H ^ja j c (^0 

P^jolII 11a -l^JI JJ JJ L£*^jH cAiIaxJI 

aJa^ dll JaJjaill ^I.A'unl LiSlS ^jjSj tdlVL^-ll (j >** } J j .Ujd (jJj 1 JnLa jj jl 
I jj ^aLoj-a (JjAdl AJ C JUJI (Jj Un (J^ • mII jIIjoiaII dll j A l^VllI 

^aLoj-a lini'lj C)^- (J ^ jajoiaII ( Jc-VI ^Jl Jj«-a 1I 6^1^)^. dljjl^j 

(Jjar q 1 .4-1 ^ ja-uiaII Jc-VI ,^aJI JxaII 6^)1^^. dljjL^j IjJ dill 

4-iIaxJI (Jc-lid t^^jdl diVL^- .^jjVI U^a. 6jl^)aJI dljjLdi IjJ Ai^.Vill ^alAj-a 
a JaJj-oll dil^jlido l^d Laj^jj . dll ^jUliaII JaJjaull ^pd^l I^A (JiaJ L-LujLia ^ ac > J^di 
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4_i1axJ! 4_ifLiJ_ip -ikl (. . ^ j .6^1^ 4 juoiJj 

(Differential (PID) i^Ui^l j^n^l .Vn^jj tjl u^U 

Ili^j J] jll Controller Proportional Integral) 

(JjjILJI (s) (PID) c . n V’i >, n t .4 _iL<ixJI 4 

4_lakill (jc- 



!4_Jlll3l 4 ^j^)UIj (y) 4 In > J 4j 6 



y = yo + k p 




de\ 

Cdt + T B ~) 



(12.10) 



j\ L_baiLillt (J-alC' c(Y 0 ) ^jjakjll Ijlgl AjtjjL/l jjjIxaII jj 

4 (Derivative) (jiLdl j (Integral) ^ISjU jllA jJi jLiiliJI j ‘(K p ) s-uAll 

La Ll^ui jd/l lj)A jj)A i a J .4 Lij,.ii i_jjLakj duail C-i^J jl 4 . I'SJ iTj) J Tl 

.djLi 4 _iLo*JI dxaljj.} dbaC 

(Nicols) jJjli jj ((Ziegler) jiiuj jli (dALdl ^ 

jjlilla I.I 11 t _ s La. jljdiuill (_ l» All .iCjj ((J.->\1 -V L. luillLa -Luaj . jtj-llLa 

(Kp, crit) Critical gain ^jdl s-uAJI j] .did Jid ^.jhlL ojLidl 

.1.10 (Jj.ldl j_gi ‘Li.j.ldl jjjbuall -ll. Wll ^.iVnin (t cr jt) 4_liaj]l ejiAll j 

. jl^alLoilj dll J Audi Jjjl*_a dnWl 4 . 1-s 1 tic. jld j!AL/l dllqnAll ^3 

jd>> 4_io^. jjjUdl jjili ((Adaptive control) didjl Sjkudl 

djl ~n all ^g3 j ( (J^’Liui LuiliLa I jjlioa j jfil .13 I j)A jl . A jla» 11 dll AjAidl 

jjdj j . jdjdl D jLLV A ilrs dLle IJhA jAwidl ^JllLt-a i ill jj ^ jV I 

A Aulipl ~ (_jalSi*jl _jA j )~s . .i A/ 1 -id (J-3*-a jl ^^Jl ( (JlLall (Jllau ^le (ojjidl 
jL : ,.'JI ^)jjLt_a d IfrJ.lVluil j dal * .• ) ) ^udajl IjlA du5 (j£_aJ . 4_iLadl 

(l D ) J (Tl) lJ^JJ (Kp) ®-^L j (JLLi. (j-a jljdLaiL (j^aLiJI ^aill J^*-e ^^Ic. 

Ajiaj ojlial j a- Cl l ^2 (j>oVl (^1 (Sjlc- I L& .L_LuillLa (J^>7ij 

.4aLadl dl3j jl tdj^ia 
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jl (JLa*-Lal Jj ^Liaj lA-ljc. tAjaiuull 4iLjla]l oj A ^ -s Y'l ^1 Ijji 

Jl Jc- tjlijull J J jj A iaa <>11 J Vill £Jj-s J ^.’'•s‘‘nn;j .adla. ^ jlaj 
A'iII jSaJ idLxjjall bAA ^ic. 1-ilaaC.lj . 1 g jlc. * jL«j. ^ Jlljj Jill dll jjl.y.'.lall 
jaj • JjliLa] Jja^aLa jjij (jLiaul AjlaaJI (Jc-liii (SilTlIilcltC) (JLaJ (jl 

. ALL] l*jj jjjiiJlj j»Jjj 4 J>n^ V jl j— »J j. ii x> \l JqYn 4 dll^)J»MI aAA ja Ax. jaa -a 

JVL ^a.uU IaAj 4aAAa-a A_i] jsHjm A_naj dljlial JJL; ^jAJ (jl jj£L 

. J^aiJj AiiAd u_ia_i (_5 jJl 4 (Time horizon) Jajll 

L.ujil.il»ll JalSull JualiUI jJo.uji.all a.ii4a,ll ^ jjjLxaII £-11211 : 1 . 1 0 JjaJI 

jAO ^ ‘-r u ^J 



Kp 


r l 


r D 


Aj tL Aij^a 


0.5Kp m 


— 


— 


P 


0.45KRcnt 


0.85tcnt 


— 


PI 


0.6Kpont 


0.5Jcht 


0.1 25w 


PID 



(!b£C.|j jSJj) Alauuj uijlaj aJC- Jl AaiaxSI ajuiJI Jc- AJLjjkll bAA Xojxj (I) 

Jc- Ja cj - aaU a" 4 jajdiVI AAjJ Ja Alik » j A , , ,.l V, a ajkuui uaj AalaaJI Id jjj 
Aulajdl ^taadj Jia ejaluia ajjaaj jku uall 4 -ua£ j|jjj du .AalAalij ]) j Aaialiail f I jaSfl 
A_aj£ (ja Ajjlkoil jjjUall Jl ; -L. -d .(jajiallj a jku oil Ljljalila Iajj . j I j a jSm a a jjC- 

. jajla]l ajij £jaJI ij-mSlI 



Conclusions 



6.10 



aAA j)aj . (_J£Luia]l jji Li Ajt3Al Ajjaall A jVq ill ajjjiui ( J ^Asall jj 
jj3j! 1 j Alajj jl 4jjaa d3j (Jala aAjAa Ajjja AjlaC. f -»ja>.o~i Jj jC-Aj La (J£L.aall 
jlj^j tea.li£ ^^aaaSl Jc. (Jjauaail AUAj 4^1*3 aAjaja A jla»l J ! 'iall u_i jJJI 
jjSjJ ^jj . 4 _iC« ^iSI ^Jlc. ls ^ J djl.iLaC. Jjjuujj 

^UAlli . LiSlS ( JjjJ (jC' Ajjjjo-iall C 1 jLc ^ 1 *- a 1 I 
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ojjj-all _jjsAI £-1xlsAj A UH.V'g 11 j \1 ^_g jl.U\i\ LlilSj 1 q.^C- 1 a£ *i ' . AWii 

(j£A j t Aj^)IVAl ^pi >^>.a\l (j»a AA^)*_a] 1 oilA j.mCI ^Ac. (jSi-aJ 

JUat (J _^J (jl Jl ’i^iaAl oA& ^trPjj .A jUidl 'ijPLil ^Ac. 1 g P jjliSAI -Wi*J 

(a -n.WiII) .A -s 4^3 .j1Lj oLaJjVl ^^Ac. 4_iLa*AI ^ ■ a .A“'J 

.i 4__^AI IAa (J _ja-s3_j]I ^ 4_ia&I dlljjVI jASi a^)]-ij>all j 
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Introduction 



1.11 



^ja AjIaxJI djljjL-ajSlj ^LluoVI 14a 

£ \Ay A xjj.Vig 'I qa Is-Aj tg ^aLojJ j j 6 4 _i£}La*JI 

A (Jjti .4 _^j^)a 4 j 1 aC> A \\ax II ^jui.Vtg a 1 ^a\**vnj 

(j . a UjIuj ^jLlIaVI (Ja (ch) ^ (J^^. ^)j^k A*n LiA AjIaJI 

^Sij ?4 ^>lj ^IjjI J AjIxI 4jl«lJI »11 a ^ L ^ Cr *»“ \\a,C> ^ jjIa 

?A-lC.l U^a <5 L^. 4 j\ax 11 6^A jJj (jl (^j£aJ (JLaII cl) -0 

(jl (J^juJI ^ c_fl j-ui3 .<il!3£ ^jaiI <j£Jj d jjj£ llui jAjj cilli 

CjUIaC- j tlg-J ^L£3l (_£ jlj 4jLaa 11 CjLjL^suSV J ^5^ (-U^^ 

^A Ia^ . I^JLaxJjojI C_1^3\} dsl^^M ^A Ia LaII^ 

Cilia. <ja Lulc. i^jIaC. 4j! CjLpL^jfll ^JjJa Jj cJ^.V j ?l.g lie. ^ISjj A\\a* \\ 

d\j^a.Vj A jIaC. ^]J 3j,kn V ICA (j^ lili tAjkj .Ul.la] s-Ulijl IaiaJI 

c‘u*n\ jL^ajaVI [^cLia j (JaLuj 6<jjAjj V (j! *l^^lli ciilclL 

. A'wxa A )U» ) A j^j^Via 
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(Gemferlin) ;laM<Q-N til l_a jILg ^jii-G JJ lico 

^-g j t jJ^S-Gd^JI (Jasu IjLg .A_LgjoJI ^^Lc. ^3 ^Vnuj A j*s k<~x\\ AjIc-^ 13 ^ j!ii-G jAj 
jjLUJl Li] A^-xia jl Lg L-Jjoi^. j ^alxj jl 1 *1 )^J 4 LiJI Ajjuii]lj3 . I_LgLgjA I j-G (jjiil ? 

Clllij A3.1x-a-G]l <jjIj jll ^ jl J 6 Aj-gI S^jjA-aJ Aaktul jl£-G^Lj jl UjnA .o 

Ul (Marketing people) jjS j^I J c*lli j* ^aV) .$jj^j-g aj a£>1*1I 

1 LjjL-u-g ^jaII ^) JLjJJ (j^ ^ j)*] i^gII I4& jL±]al j-G ((_jo) A^il£-Gj 

jl ^^a tJSVl ^ LJL^. cIjjjS iVilflLj V jl <. . ^>j ^^lill A.4)i^.,'i 

jj ^.c.1 jikl Sj-g j£] j s^c. -ii-G 6 ^Lg1I o4& AjoisLlgII Amtrenger 

c . Lg 4 jij ^JC- j-G ^.p£4 (JjJaSl Aij^jla jaJ Uj^Ja ,33 j u** igVil 

^tiil ja_uiJj jLilaVI j-G (lh) LijI^-gLj jl£ Ijj JjJL2kJ jA jVI A_iic- j£^p jl 

^tliLj chilis jj-GJ£-G jj£j jl ^X-nUl j-G .tilij j-G (JSI jl ((J- 3 ) j*-ulJ AjpiJ ^Jl 3_^3J 

(_£^Al Ada.lj j-G .A jI«g* II ^3 jjjAVn^ll AsuolIuj |3&j c<«_J jjU^^ll ^3^)11 jjii ^IjIj-g^ 

i jJ^-Gj^JI jl ^Jl aJjVI LjjI qjq V i di^jLail 

6A3j^pt-G A-niL^. ^jial^)C.I aJ (JjjJ * 

;A1g S3jI jll dilc. j^JI (J*arkij jl jLuiiVI ^x*i>l j£-Gj • 

tA^^j Aj <^_flLjaJ jl j£-aJ • 



tA^^jojj ^-gjj jl jj V J&J A^jI j jjjuj AJ • 
tlA jJC. jpi L5^ I^g-I^ILujJ ^1 AjVqMI • 

tAiiJaS^UI j A_uLS1I J3I jjoJI ^ Ac.^uU l_j jij • 



:^i UsIjaI jli aJc. j 

. jj]jq,G,}>'l ^LjjV la U-a^G ^ < gx-q ,, i jl (1^ 
. ^IwxgII (Jjajujjll C-Lll£j J JUI ^jjjI j j.^ii jl ( l_j) 
.^JJ^LIg j*-UJ -i^Sjjal ^LjjVI A-ilS jl j;ifj jl (^) 
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Where to start? ji <> 1.1.11 

<Aa J (J jAxji ^Lijj ^ j> ViaII ^^ic. 

i Jja ^Ic« Ja*J! \±L LaIL^. a Vu^VI 3 -° 

^a^jU^a'I 4_J jVI ^I^aII ^^a La 

J L^' L>* 

?aJax15 <La jiUI JjJ^V (jjJ ^c).\J-a a'I 4^Loia1!j ^A La 

? ^ u^ia JLaxIIxJ ciljfiAj ^1 -Ij.1^. Ja 

?L-Jj)1.)^a\1 J. aVujjV 1 JLa J«^a La 
y^juAlll <al£ 

?J1aV' 5-i^LijVl (Batch) ja La 

?a jaJVu ciAisI ^a ^Jj ^lj.2kj Ja 

?L^Lijj l_l^j aja^SI ^^a Ia 

^j^fLluj L^_1a (jl c4jl 9.J! ^Jalj ^*LijVI JaI^C- Ja~^ Ja 

? ^)a!1uia]I ^LLjjJLj 

?4-^L^,J1I Jic< jLoj ^jI^aII jl A )\a« 'I djl j)j-a^k ^^A Ia 

4_iC.^jj 4_1 a£ AIuJI C5^ aJax-II ^)ijlj jA Ia 

ji£ll c^IjISaLj Ja 

jjc. ^kl jLia. cill (jAil ^LllLj t^JljaiVI fi^A 3-^ (J>\ »l mu>l (J^aj V 
^A 4 Vuj.iV 1 a^A 4 _^JLxa1 ^J!1a 3I AiJUl J cLaIc. .L^jcIa^J 4j^^.I ^Ac. J^*-a^J! 
^jJjaA^I 4-1 a£ ^^A La I^A -ulAx-allll ^)Lixa ^aI <jj .6*1^. JI^ja J^ 4jLaJ 
4 jL AjUJ 6 JIjjoJI IAa l_jI Lia^c. LaIL^. ?L^LijL ^ jlL^i <^1111 

A-isLiJal A \ uJ 4 jI j c4,\ UjjV 1 

4ja£J! ^^A La .JjjoJ! CjIjLjjoLj SjLc. ^-LijVI (_g jl UU .1 Wn 

Jj^jaiII ^ja 3 J J*-aa]l I^A U_fll^Al Ia^«1^j (j^al^jC-V j ?Lgx,,nl .J-JiVi 
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cjXiklll I jii I ulo cLjiuj ^j-o 252 kg jAj c-l^. 

. (JLa^ I ^JJ j ^j|jailS 4 _iLo*JI 



Overall production process <^1\ 4u1a£ 2.11 

gi £ jjj Alternaria A-kJ jj <j2jLuaJI ^uia 

. 1 g \a Aj A Vi^\1 Ia«1xj . Aj^C.^a 1I 6-lLal! c_JjjjLLq Ja^j 

A»1^C« 6^ ^ ^jLaII (JjLuJI 

CIjLloS Ajljij ^A A\\ax 11 dJA ^jjjLujI 4^-uillil! ^3 A_1 ^JjoiI La£j . A’nVnj 

.AjJai^-La 1 j um 1 S^iau-a Ajj^a. C5^ s-Loll (j-a 

.aA**]! cUl£3 \kk^ (1.11) J^l 



-■ j)U djLj j)*\ <a 




«. ^ ijm .1 JJ 



C-^O cs 






. (j^ ji4r>ti ^Uj) AjIaC- hh%4 : 1.1 1 JLuJI 
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1.11 jUaV' 



J ^ *■. 1- >J d\j\,G» 11 (1.11) (J£judll jJ 

j^ll ^ (Holding tanks) dUjp> uj^ 

(jj (Jaxui (J 1 (JL<ixlLaiV 1 (jLajJal 4_aiiddl 

S^jAII (j£aa L) -0 ^) t> . (J^laVI 4 _L^.^)a ]1 a ‘I n (_£AH 

*aJI J^a iia. jlj£ J] ^Jaj jli dl^jj .(Turnaround time) 

A3 4 j\a» 11 ^3 <£^)1iiAa]I CIiIa^.^1 q\ C*1]a£ . AjJ)J*S.ll A 1"£\1 yi jJ AaIaaj 



Aa ^y£^A]l Aiill (jla Ia^jj . Ajj\3^x> a. Iaaa 4_^JIxa 4_i1ac. ^.iJajj ^£] d^ilkl 

dal oAC- J t4_ilajjjj Jaia. dljl^k a AC- ^.iVuu'i A3 j AaIaaj (jAiiujJ 

^ic. (Jaxj 4 i.^t/r\'ull dl£^ui]l <jl t L ole. . ^_kj ^ jaIg ^Ac. (J jj-aa-11 A-AlL 
joIaII 'c>^jp^\ A \\a c. Lo Ullc. (J^a cIjUJUaII 



Fermentation steps 



jjaViN CjljJai 3.11 



Sizing of fermenters jlj±*j 1.3.11 

^.jrvA^a I^A (jl <ja a£Ia) Ig jtjxjjjJ AaIaxJI jl 

A aax^tia Aj^aaJ! AjviMl (jj c“n^ ^al ^11 a AaIaxJI aAA $.I^)^Aa ^ ^5a Lode. 

.Jojaj 4a1a*AI ^A£jjujJ . (^Aja jaI! (J£Laa (j- 0 (j£xttJ 

^1 *Stouol\ ^UJI aI jJI JU*U c_ddj c_i jx* Ia^jj ^(Synthetic medium) 
^Ic- aJsaI a^iaH ^ j^aI! Jijajl dL^JljtA ^a J£Laa Lil ^ i u*n aa 



A jq Wll ^ u] • ^ AaIaxJ Id ^ ^ja ^aj £ Ia A^ jj V 

C-J_j\J*>a\ 1 ^jJ^SAA^JI ^)a£^)J ^jl uluaj^All d^Jal . (JLaxUjuj^U IajojIaa ^J^£ajo1 

l*-A> 0.3 kg/m ja j j - aVi' l <A«g ^ 0 u'j . 4 -^' ^ 252 kg 
0^)1 >>i% Li^ajjS! I ila .A iV(i\l j Ai.l^a ^3 gVuH (jl-^S3 ALiA (j J)5j > u 
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Jl (Igj^aj AjLaxll >»' 411 (jloaaJI ^Aj) X 10 lAjILLa 

A ;K1I 4jj;.a-s"ill 4jt_uill (jjj l-igjj • ■‘CuLil ^ (**£ 280 ( _ s JI_j^. 
3 I 3 I) %75 ,_^a Jl*_4iVI Ajjoij (j! £-° 1244 m 3 3 j^ 4 uj 

. ( ^)-a~s -all ^JSLI ^'N'slt 3 "° %75 > J^Ull ^1 

jj£ LaK tljl^Jj t* 3 ' 3 ^(^^aaaJI) £-a M'-l "'"< (Jc-lLall Al K 3 I l — 9^>*-i ij^A 

Laic. . Jsl oJLSkjll ^tjjl <ilS ClulL 




(Jc-ULall 1-1...:LL 1 LjjlLvl I LI Lull 

i_y ^ ^. iVnunn Ajla 250 m ^ 

<liILuij La cA_LaJ! djl^-a 

I^a ciiLiLa*J 

-IxJj tAjjaJ! ^aL! ^ax a\ ^ 'fk.Mj.Ai 

jlri^J C-_fljjai 3 cA_iic«j . IqK^ l^)-al I-1A 
(JLajtlixJ 

25 ^Ajj <Jc.lLa jIj 1^.1 j l.\tun 

^jjl i_iuili« ^->^>11 ILa 3ji .m 
3-a Alternaria —II >LL 
3li <iilL Jl yLij .AaJUJIj LiKlI 

4_i3 LaJ Ijjj£ Qj\) ‘ “ -all I La 

^jjLouj ^ <^l.'i's"u>iL/ AAiSLlI 
‘Cal.'iVh A£ tLjjl jl tliaLLa .1 I LI 

(CMO-Contract manufacturing j ja*lL 34^ 4-aku 3a 
Iaajc. Lj£^)y -all Jijoil cAaLLua (_pMj ~v sjLi 3 j I Wxun ILJj organization) 

■ Loa s^jjLa. i " '1 j r,A. n e.LLjl JLLi. 3^ ^la^all A ;K 1 I A ? , .-ll S^L j I 

j^aidSI jUa3 3ji t% 1 0 3k) (Inoculum) 3 'Ll 3*^. ^likiJ-Sj 

.(2.1 1) JlulL 4aoJa_^all C-il j)L>%ll ^^llc. 3 j"i*sj.m 
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2.11 jUaVt 



.(10) (_£ .liliaLi]! (J-olc- £JJJ (jl ^j-o L>^ ^ l*i^V 

^jUa3 ^ n«oj (jl 

3 3 

.25 m o — lm s — j3i 50 oj^ — Jl jA Jjjjj 

1 (J-aaj (jl j . (JjxjaLill 3 <ajll£j J (JLa3! c. (Jl J£i^.l ^1 1 (_£ J jjJ .33 

jLa ILi 1.1^. a-li^. 43 ^)*-q ^Ic- QJ$^ (jl 1.3^. (_£ (_j-a <jl_3 LL^.a\i 



(LOW (^)-o ^ai^-Lo (_£jLiuia 3 L-oLui^. (jj£j CliLiLaC. 3 j.1a31 



.inoculums level) 



Fermentation time 



J AA^ltt <J^J 2.3.11 



C_jLal^ J aLUJI f . ^ - u ,n U Uilc. 






In x f /x 0 = (it 

<ii£LIl JjVl jj£j2l x 0 i(kg/ni 3 ) ^l^jJI Xf JiLaj 

,^<c-Luj^ 1 j ^ul! jlx j ^(kg/m3) aj^i^.11 



A Vi^\ 1 <jl ^jLjJI LjjL^j (j-o j 

(Inoculum) ^Ul aj..u ~ ikiou lijl Ujj t20 kg/ m uj\)^< 4j j.A l 

a K.^ll .2 kg/ m jA (jj£2ui AjjaaJI AiiSlil <jj^ ‘%10 (^aj 

JaS3 <^JL^a o^lel -cEbt-alla .^C._jj]l j»<ull (Jjbt/s “CaiS jlajj (jVI 

Sjjj^j (Exponentially) Iaj^L ^ ^ 4-i2j L£sUJI jjS 

O^IaJ ^ajJj 4j«_iai_^a]l 1 -nVlll CjLlLaC. ^^3 jl ^)a.u..i2 i” Q"s j V J&J t'Uajtj 

^c-jll ^^Ic. .Alternaria 11 Jla A^kuaJl cAjjIaail V l _yxL'^Lj t3J 

tljjl VJ tAALoi Aisj^Ja la’s 'll 3*0 “Uja-o (_^3 AjApl^Vl AAl_^Jall ^j\ ^ya 

. jdAiCill 3 -°_) ^ ’ijjiJl Xa!i*j ii—lllill 
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^Lil 4!3 i A 3 -\ 1 I (_£.}ljj]l ^ n.n.all ^3 UjI 3 ! i'i-s! Cj^Jat .la] 

(_Jc.lLa3l ^3 (j-a^ !]l& ..r>«aTi ». *1 3^4 J il&l g’n-a 3 loVl!! 4_}LaC. 

AjjjaJI 4 ]jSL 3I Ajjj i"n^. (Jc-lLall Jl 4_lun3lj Lol .4il»a ^laj! <jlaC- oljjl 

. j»LlV! 3"° (_H 1 44ft (_]-a3l!luij -la3 tJaaa jaJJ 3 ! 



FRMN 1 
FRMN 2 
FRMN 3 
FRMN 1 
FRMN 2 
FRMN 3 
FRMN 1 
FRMN 2 
FRMN 3 

0 80 160 240 320 400 480 560 640 

4 7-' 1 * all tlilC’Lui p. 




JjLwj 3 Ji3 



= —e3 jj a jj£ 



f3j ja-sa '1 <j) ilua. (Gantt Chart) Hula, FiFi't a <j3 A'l.siyi ja\ all 5jjJa. :3. 1 1 J144I 
> 4^4 ja 3 j»s j i2.5 m3 ,-»>*>.’ 2 ^ j j Ojj] 250 »y>j 1 

(Jaiaa all Ia£j Jaouj *1 1 jjJ 25 jl jJL^aJI ja-i 4 II) 



Scheduling 



42j4*J1 3.3.11 



ji.h I umI j* . j I 3lalja3/l Lq! t-LaaS 3I0 ja. ^3 ^ jn.aH 1 . .n ; 

ji I j.a-s.a\l i3aJ Uulla. ^3 .^a.lj ^Ul jjSjjJ <j 31£ Ajj^a. 4 Jj£ ^IjjV 

CjUjla-a 3 a jj 3 I |»i)La3l 4jjjaJ! <£&]! ^Ul a*jjI 04 . a] 

ijaljl 4jujl 3^ (J£ -ikLlau l-l^Jj .3!^! 3] 3^ t5^] (_]*-• dl-d! 

•(Turnaround) 03j.1I! S-ilc-V 4aJj ^ jj ^ ^L>! Alui ^UiVt <1^ 33*-^-^ j 
a >>ijx oolaS. ^Ac -3 ^liilV! 3I ji. j»lik!liai! 3^.>>'i 3 j! aJ j4a. 3] 

.(3.11) JLiL 
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3.11 jUaVl 

^■111 ^ J y. y» \ (Jji-ujj (3.11) 

uu ^ \ ks - a ) j 4 X-l^) 9 j ^aJJ LaIL^. ^ (JIa*! 1 uj^U I^aL^. QjflJ - 1 }.!^. 

(Downtime) <^11^ 3^ ^11 ^ 1 *>j .a^jLoiII ^ja liiiajj 

. ja I CjI ja^aH Lujoij ^u£5l 

^ai ■ W‘uj.i1 ^9 u^-iaII D jtc-V Vl^-a cilljA (j! 

^Jj£l ^ llijj CjUl J)^. ^lAL] _JXj-£3 V 1 'JA'^aII (JIajLIiojI 1 Afc (J-AJUJj (jl • Clll ^)A^a\1 

• (1.3.11) *3^^ ^jAa jA La£ t^AUI ^)A Jljlkl jl 



ljULac- t fljlKI 4.3.11 

Costs for fermentation processing 

^Ia^jjojIj IjJjISj CjUIaxII CjIa^. jj CjI jaAaII ^ unVi 

ja (Cost index) <0£1\ ^ j$i jli .(Published indices) s jjAiid! ^ jl$ill 



^jjJ-g -9 ( Jlidl Jjjjuj 4 il£j Jaj^)] Aiijuj j 

^5-lc. 394.3 j 318.4 ^_^a 2001 j 1986 <^L*J 4 jj U * j£I I AjoiA^JI ^u - ^ a ! 

^alc- jV 500,000 <^A ^)A^a 11 l <jl d . L ft, \c . lijj 



<al£]l ^I.^VumIjj t dU^A.} .2001 ^Ic- ^ 619200 i ‘dSua l$j]i 6 1986 

J ^b^Aj LoS c_Li]t£ii! ^).Aj ^jl 6 4 _ia 1 *JI c**i\joV 1 ^9 6 ^^ 2 a 1 aJI 

JIoj c_Lll£jll ^jl^i u) ‘buL .jjJaUJI ^jll >J (Extrapolate) Uyu*\ 



.I^aI^JjojI ^)aJju L jjq) j <LjIa SjAl ^LaAjj ^A^JjojJ Ig 1^1 j (Ja&9 dl V ^*-0 

AjVi*i\l (.“^a*! A^JLst-all 4 j^j^Wa dA£^)ja> c3liA <jl iLaIc. 

^.AxlLolA Lc^ic-J . O^JjJuLlA (J1 t^lVl (j-^ 



^ 6^)9j1a]I ^al9^)Vlj ^aA^)X-uJ jjlij ^jl 

^jj .<al^l] 1 . 1 ^. jji^. lJ (I nternet) \\ a^jjoJ! 



d!a .(STF) ^3J)^^a 11 jljpJ! L5^ l^ a.'iVujj Ujj (,5^^ Cj1^)a^a11 



461 




l.g j 4 (J , ix xxl >11 k. .V jllSj j JLaII lJlJISj ^ja Lmjjj Aullc- 

<al£ j (jj .I^j^^j 4 \\ ac * Jl AfuulU J-JaaVI <jj£j 

• 1.11 A-^jJa ja l^_J AJajj^<JI j A-aili-all djl^a^xll 



fl jJill 4il£j jaSaH ^Lx^S : 1 1 . 1 Jjiail 


(jjj i x 1000) Aililt 


(m 3 ) (k^aJI 




61 




(Air compressor) *Ija SJatLia 


65 


10 


(Medium Ja^jll ju^vi jl ja. 

make-up tank) 


51 


150 


(Holding iaaJl J jp 

tank for suger) 


205 




(Contineous 

steriliser 


60 


n 250 


(Seed 1) 1 C IS1 


203 


2 


(Seed 2) 2 C IS1 


687 


25 




1332 







. lLi\ ^jULg 1 ^ lall ) 



4.11 jUaVI 

^jLuuj ex-factory jr jU. Ail£ ^ (1.11) Jj-^aJI aj^^jaW jU^V I 

c. t n*Vi (j]j . q^k'l J (jlj^Al ^ u^ix>ll l_jIj jl^aJI ^glc. (JjA-sa^-1] Ajl9Jj ^)Xjoi]1 

ia^V . AaSLjaj l_Li11£j Ig-J AlaJj^JI Aj^iYig 11 C1A_i1aa]I j j 

.(Containment) *1 c^ULio JsL j*a-o (Basic) ^LJ JJ ujj^ 
^jjjola ^la^kj ^jjoia LjIjj 1$ \^»*u*n (Alternaria) a_DL^ dulS l^J 

AjaJLx-all o.^,j £ja (Ja Vu>i 4jx>jx>x«--V'll dllix-ial ja\\ ^9 o jLa^ll q \ j f.\ Jl^^\ ^ja 
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^ JLuj) a \\ CjljJai 4.11 



Downstream processing steps 

j*±J\ cjUjL* l-iajj J :(Holding tanks) -tiaJI CjU \j± 

tijl l^Ic. Jixul djl^JUt-Q (j-a Jj £^)juoLi<g 

iA-Jllilt <^.^11 (JIjSIujV lj)AU> ^jS-aJ La ^ ^JjuAj 

(Jixul A^JL*-a1I qj£j -J __$JaVI *^Lj AjLaa 'I ^^A gLa j,baV.lll 

j! A^xAaa lIAjjJ^-OJ £SJlj J iLftjlj ^}jujI 

Lists ©La ^is t^Li! aiLuj ^a ^j-aVvll S.Xq <jl Lojj 

^J-WaVlll CjLiLqC. ^Jj Ajjalillj Ld ..1^.1 J ^tijj iSS^ A L^ta.UxJ 

<_£ j'i\ < Q <j-a ^IaaI a^C- L-l\ * n X mV LlfitS ^jj£j u' Jp- ‘£ J^' 

• C I^V' 

JaJ CjUJSU-a loij :(Removal of biomasses) <i&il <11 jl • 

<iLutll oL& al^^.1 LijLi.1 1 Till % .<jjj^ll A l"i81! <l!jL (_$ j'N.all 
ji ijl) (Rotary vacuum filter) ^jiall <jl ?yi>a ^l.ikiJj 

^A jj£L -L j Aia> J£^ 1 J <iiLaj <3 jj*»a A n'q ill ollA j|j . (^jjALII tj>.-iqll 

.A ij-ij<ll <jJJ^H (JjSdl <11 jV ^1'i.aH <aj^iall 
tjr jjiall J j>^ll ^Concentration of filterate) ^51 jll JySjj • 

<iaajj Inli t jj^-sMI (JjLui (j^ ‘ls^ jjjjSLLLa. (j& o jUc. jAj 

La <11 jj lillc. l. n~ull (jx ijjjj£ <1 a£ ^I.IVLhI i_U 2 Cilj . L-Jjia (JLa»JjuAj 
(jal >>i*\ JJC. jA Lia. jlLa jl LaJj . IJU »i jljll <La jjs Jj 3 a Lall j-a jSi-a! 

. JJ-S nib a- Lai! <11 jb ^ajq Uu3 ojlj^il 

JjLa J jib : (Product precipitation) ^ jSiall jj • 

.^jliiall l_JJjjlJJ i _ ? lc. (__L«J«_J jjLi! 1- _ 'P -all t- 0 1 . >11 t%90-80 ^jJl j;^<"'l! 

.i_1Jjjijj 11 <iLaJtl t^jjjjaVl ^LLa! <j-aLa. 4 7 -LLaVl ^SCLL Ljajl ljjl£>alj 
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j i>° : (Removing the precipitate) <dJ jll <11 jl 

(jx ^Ciil .<_£j£j4il dill ^l.lVnulj ^ jVult j£^)j t j!ill <jlaC- ^^ic. 

. di. iJSad <LalC. 1—la.jll j»l jail ^ nt-. 4Ui 

^l.'l-s'nuLl o^o 4 jdj^i j»l_jij]l ^dlall ^ (_Jjoai_3 I (Washing) 

^aJJ .a-Lall ^I.IVuhL <dllill o^allj ti_JJjjj!ill <jla*_j ^.lVnnl (_£j]l i—lldall 
(JjlW -all ^-1 . ■< V c filial! ^ jn.all ^^Jl f.Loj 4 . n’*U <3ldalj 4i]j «.l^)^l 

.(_£ j£j4il dill <4 lallc. ^jldll ^jlaJI ^cjUII 
tliilla. ^ .<dUill <Luill dj ^jli-oll <ii2>£. i qqy' 1 : (Drying) i <4yiH 

jS^aJ ^jill dllaa^all t^ya A qh< a ^-l_jjl lilliA jilj iLoiLui^) I a Lj)2a.l 

j jVi > nV 1 j <ill jl i_j «.L a]l <iaS ijia t lfr]l..<\»..u.iil 

jliiall 

cjUjU. Ai : iy< £ jiiall t-aliu : (Packaging) i '<nUMlj i.nlvjll 

. »'M1 I j&La. <dL/La 



.4.1 1 a . .< c^q ^ j ^ -41 Jiuil 



5.11 jUaVI 

• liA (Jj).a.iu..a JJC- <ifllj iA j\-a» 11 jpa I -ag a If. j^. 4. 'poll ^-LakjJjoil j_j£j d 
<il£ J Of-lsS jjjaidi IgjLS <Ld <aJlx-a 4dl lilljA J—y~~ <4lll}£ l-i'sV 

JljiJ j£-aJj 1 1 ' il Wi JJ.'" ^U.JluiV (jjjliil ^dijjll d<V.n La Lille .<lLa*JI 

^ya 4-lillj ^^11 <aLdj .(_£ j^^all dill a j|t->^> ) <C-^)La]l <jl jlnmVI 

<a.LiJI jjd t jJ^aAiaJI (JlLa 4<j_jld ^ jldll dlLa.jJXall ^Li.jjxul Ldajl j^-a-all 

^^Kll jj^all ^-L^,jlaul ^.xu.ili <lLaC. (3J^>la (j& <Jj;liJI <lj£3l <11 jl ^1 

jljd ,j* ojJdiUa a_iAd <1UJI ajiA ^ij .(Whole broth recovery) 

.^- L^jHuiVI <JLaC- liq-sll 
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JLui) ljLsJIjus AiK 1.4.11 



Cost of downstream processing units 

V) LS^)y ^ (JiUul CjLsJUuo ^9 Ca.W“n>u>ll dll .la. jll A . alS 

V (jl tAj-liiaj &_^-^l '4-lld>.j]l ^ J.a> .2.1 1 (Jj.1=JIj A *s »>> dlLj^jlaa!! 

. ^_c j~v Jiojl CjlaJl*»&] .llLa 4_aJL*-a dl.la.j£, IgJI j )Vl J 






2^ 2 r,<i t 



frL» 



J >42) 



UJu JJ 



AdaxJI _)Ai, 



f La 



2 (jl 



(2u) jjL AmlIa ».11 




jjAaj]' ^jad) Jiuii d-aida : 4. 1 1 J£dl 
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JiJ A-xIIxaII fljJiSI t tullS! : 2 . 1 1 JjJiail 


(jJJri x 100) uriall (j«a f - 1 j*ill AiiS 


Si^jll 


170 


(RVF) ^ j4a jl J-i i 


82 


^p»_Lc 


36 


25 m 3 iia. jl Jp. 


22 


10 HI 3 laia. jl _p 


156 


(2 J^C.) (_J jSj^i ilj jlgp 


64 




350 


^l£jl 







jl on* ill AilS 3.11 JjA^ll 


(jjj^xlOOO) AilSlI 


, at-.l , V,ti JO* 


» jiill 


1862 




(EPC) o j$pVl el^jl AilS 


535 


EPC x 0.3 


i_jjSjj]I 


892 


EPC x 0.5 




535 


EPC x 0.3 


SJ)£-^n J*a u^a 


535 


EPC x 0.3 


*Uj (JLsc.1 


178 


EPC x 0.1 


4 Cl \ Q \1 \ i u-v*^ 


25 




(jiajVI a-l^p 


71 


EPC x 0.04 


^ dil dl j 


446 


EPC x 0.25 




89 


EPC x 0.05 




125 


EPC x 0.07 


f, 2a] 1 


714 


EPC x 0.4 


(.(jJjL 


535 


EPC x 0.3 


ijaxll Jla (_plj 


6464 




Cluloll 

JLaII 
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Capital cost 



JU2I oJ \ j dLittt 5.11 

.5.11 cJSjJuIIj Jalaa-a 

$, ! ^.aj • 4-aJLt-o]l CjULuJ ^A 5.11 cJ^joJI (jl 

^j-o <^LulLo ^*1 .I^klLualj Cljl.1^.^]! (JjaJtll CllLiLaC. 

1.1a. £jLi3! (j-<^ *^11 ^l«iajjai! Aic« <j! t 1 .ale. .(JjoJlSI $.Lgj 

-"ujl\ ^Ic- 1 \x t ^-laLjJakl jlg_a. ^ j 

A^JUuall CjIa^j ^.I^joi aAISj <al^]l fijiA Jaj^) £jLo> £_u^a 1] ^i£II ^LqjjjujVI 
Ajjlla-al! ClAjLaiaJ! j .1,4.11 J 5.3.1 1 l^-a-ijJajj ^aJ 4_1 ujLojVI 

• 3.1 1 filial A^jJa L_J^iia^]l (JLftll jLmJ *L<u3 




Superpro A \\ jx&alil 4-vtU a\\ cj! jiaa :5.11 Jiutll 

Designer, Intelligen, Inc. USA 
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6.11 jUaV' 

L_kc. Ljalill (J-ol jC- ^Ic. 3.11 A qK\l -Iqjju 

c_ic.Ljajll J-J jc. J .(Multiplication factor) 

4 j'qj'q^k A ^jqll o^A .Vi'u^n . A m x> £.1.1^1 j)-<uJa \_g_3l V] tAliAj 

. <x9^-a j ^ h^ox>\1 j jjIjj i-A j)\ f\\\ j i~^j ^A\ A a jq\l jl . LgjV Cli.lkl 

4_aj 3 tl-la. Lille. $.|jJ^.VI (_£ JlxiLA jl£ !jj tjllall (JjUjoi LS^" 

^iS (jc. diaJI juc. li^jj .0.8 J] Sj$ajU (Multiplier) 

jl Un*\ Itj .iklj jl (j^ (jjfL} A-IaIxII CIiLajjVI ^9 L_ac.l_iJaLi]l (J-ol ^C. 

. J-oljxll jl ^ JJjJ is^ 



Operating costs J Juaul \ uil£ 6.11 

<al£ IaA (JaujJ (Jj.ar-».tiJ AA 4ijx-o ^A a 

^bVlj jl ~*k ill ^bv*n»l j c a_ijI_iaj£1I 

dll jSflll L— 1\ xti^k (j£-<ia]I .^lII . ^IjJoJ *G.lkl (J^\ (j^ajsll ^Ic. oJulill J 

J J 1.^.^ i > lUVn 4_i1a*J! 6^A (jl V] cl*-o Igjua^ ->*a V» 1 ^q*^ 4 q V) -v ^ \ 1 

j c. SjLc. obs> j .(Process stimulators) dbUxll dbSU^x JlxdJ ja J^V' 

(Jxi-d J ^jxidt J did £exI^>j L^lliS -djj .4il£ll dl jjdj Jjj JJjXix j£ ^xl^ 
dlajlxxJ jijJJx_j£ll lllJilC- jd llilla. ^3 . (dsldl dle-IJ a J2>. Jail) ( *d-xxll 

jjl£JI j .il jxll 4l jitax dl jjdj ^ lt~- jj.^idl (J^V obxxx^ ^111 ^dxabl 

4jI jJ^Sj jb jjLiutaJI ^ jdlj jl ^ jjjdall QA ^gijj j£I .(_5 jiwVl c a;K'il l j 

. dljl U __)3 JJ ^Illl CjU ^ixdl ^ Ir- jj ^ _K L '\ did 4 II . dUSli^o 

Consumption of chemicals 4dUu£ll jIjaII blit^luil 1.6.11 

ibl jVI 'dLall 1. blK"l 1 g 1<U>I (jxj t^laJI j! ja \\ C SjlK'l (jb cs^'y Wll* 

dbLubb bijLLa H A II? lit dLlLub ^ ’' . ,n -o, J lir .Vi I kbl£j jx ^ V- 1 4 n .i i j jSj 

!._ l.V’nu ^ jVu'll <xj3 jl did. lillj jx I jjlxJ ^i£l Igjl bale. .4-l,\lVi'l\t 4_iibx_di! 



Uja. jiliJSI jl_jxll (J£jxj V iduall 4x11c. 4_ii.l)b«JSI dla.jlixll Jl 4„i>.ulba .IjjJ 
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(jLo A a\^W CjIa (jl (jj^. 4 A i\*&x '1 c_Li]l£j ^ja \a£ a 

CAjaI x^rAl jli cAjjjJaxJ! (jAaLa^VI jl CjLiaSj CliLoJ^jVI 

jA UlLa -jj^q.aj'n. II . A j.s*k^‘\A ^UJI Alj-a]l v Lill£j *ULI ^ic- Axiixj ^iwi<all 

AjJai^-Lc ^jjjLuiVI £aLo]I <al£ ^^ic- e-LLVI (jli A^lc^j 4 ! j u*n A-o^all ^Jlc. ^j£ua 
CIjLiIaC. ^.Lax a ^3 Ajl La£ . A 'I Aj^. 1 ^) ^j.,UjjSk.i.i AoLoi-a (J-alc« 4 Aj£Jj . Ljj^jjJa 

^aa .Ai 1£ jiiSVI aJjVI SaLoII JiLaj j>wi^, 11 (jli 4 jj^Vv'I 

(Molasses) Jl> 4 (J*a*V^)l Ai c£]IAA (j^lj 4 j J^L^Sl ^iViull (j^j 

A. 1*3 4c2I1a ^Jj AsLkAaj .^)ljJC.VI (j4*J j)l (JjIAJ ^Aj 4 6^)A1I _jAx-aC.j 

<. > i^j aIaxSjouqjI AjIjVI SaLoII (jl til^jAj (jl i* vnj 4 A x^aj^^) A-Jjl Al ja j)C« CliaJI 
aAA Ail! 4 Lillie ^3 . ^aaVi\I Axj La (j-a £-a (J^.lA!ll V (jl 

Jgjui^l] Aju^ivn^ AjjS^jj i“ iVnl A3 (_£aL^) 1I u^xill ^3 ^gajpkqjl (jV till A j 4lj^.l^jj 
A^LloJ^JI SaLoII (j] .AlalSl J^)lL dulj AjJ jj j 4 Aj]Ic. Ajjd^. S^)3 J CjIa J 4^^ jjll 
c_jjjai^j ^aVuhj (_^L1I l-ijAaII ^a aJjVI SaLoH ^Jj AsLjaVI aj^$ U a^ll Saj^^I 
^jJa^-a A jjLlojS]I aI jaII cil^l^IlxuVI (jj .^11 a 1 JjjLLVI J-<i*Jjuij (j^j . ^ jfn-all 

^A j aLl^JI ^jLuail (Jj-aj (JjAaJI ^^3 Al^-uwJI J)\ju^$\ j)l Ja^kV .4.1 1 (JjA^IL 
. Clil ^jIi^-aI] jg Vi ^lill ^ AjILJI ^jLxjujVI (jc. I^ii^ c. fltiVi 



AjjiaJl (Ju]l£13)j jau^lt <_u£jj : 4. 1 1 JjiaJI 


( jjjj) Aili!l 


JjJd/kg J*-4' 


(kg/m3) j£Jl\ 


jjUl 


35640 


0.8 


50 




8091 


1.8 


5 


(NH) 2 so 4 


7324 


4.11 


2 


KH 2 P 04 


321 


0.36 


1 


MgS0 4 


2 


0.35 


10 ‘ 3 x 5 


FeS0 4 


1 


1.23 


10’ 3 x 2 


ZnS0 4 


1 


1.44 


10‘ 3 xl 


CuSo 4 


306 


34.34 


10‘ 3 x 10 


jj-aLlj 


91106 


0.2 




Jjjljjl 


142790 






^i^]| j^^k^ll 
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7.11 jUaVi 

CjIiUxJI Ail£ (Jjj-alij ^B JjA.l" A ^11 l_i1_iujV1 -1^.1 

Ad3 dj ^B .(J!LqV1 -Lxuj^II .iL^jj x>ll i^ya (jjflj Axjji j-all 

(J!Lq <jl V] 6 Aj^) nA^ali CIAjIaxII ^jJjai-o ^Ic. ^**) Cliljj)^^! p^ludll ^al.W'Ui.1^1 ^ja 
djU^£-o ^Ic. Aj-aLi. ^ x^aJ . Aoi-dall CIAjjLiuiaII ^Ic. 4 LVl (j^-^ V I1& 

^U.jU q\ ^ j^)£joi]I (JIaJ UdlU. ^^B ^A ^lill ^pS^i\ Jaxjj^ll 

(JjIsj ^ j\<qc. (ja ^)Liic.Vl ^jjiatj -ikjj (jl 1 1 t>j (4.1 1 ^ylajl^ l_jj.1a]1 



l-Al\l£j ^ ^aLojJ ^^j]! (_£^kVI CjIjmII ^-1^ ^ SjlaJ { ji\ ^.llluJ 

.ysit 



Labour costs 



JaxI) Ail£ 2.6.11 



AjjLiaI] Clilc-LuJ 8 ^bI^JJ LlA^J ClAjjLlA ^-Ic- ^)UqAMI x-OA i^Lxh 

AaL^jJa A^^p Aajju .^-^JjoiVI ^B ^Lal Ajt_iuJj a -1^.1 ^11 

4*. iBsw SI ^jl x-tia'I ^gk Ia^. Aillc. A u^a\ 1 A^^p j (_£ jJjoia <jl LaJj 

qa& (JaxII l_Lj]1£j ^^ic. (J jj^i^kllj .IjUrii aLIb (J-ojtJ) AjISII a^L^JIb 

.^bI jxi^JI £B ^a31j ^jJ Jite t^xji^adl £S ya Ai jjt_-o 

(Social Lic-Lali.1 <sl£ (J-alej djjjt Jsuj j ^ l*i _^o 1 n^ijllal liilli. ^3 

= <aK3l c) ls' ‘(^ — <_iiaa«JH sdljj jjxh) 0.3 ojaa cost factor) 

1 il£- (_^i3lj 1 ajjda J ji. J ^Jl ^'"iVl (J m£. Ajjlda (J£ (j]_S • 1 .3 X i_jj!^)]l 

(Shiftworker) .4 jjUJI JJx. x 1 .4 

Utilities $ jA 3.6.11 

Electricity fLjfiJI 

cAjjjjII j 4(jjdjaii]lj t^S-S.11 J (JiLa dlLiLaC. (jl 

jl jiJI (jA I^A^-C jli 6BC-la£ • CliLLoSj J l wJ juJal! j 
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/5 kw £a (jtek.U AIa J£l 1 HP LaJ.i£a a^jJiS i ^ aUv’n a\\ 

t<x9J (J£ ^9 <C-Ljj 168 ! (Jilida ^Lij^l ^)Ada jl LaJj .Aj j)gM\ £jLa i < ^)Ja 

* jjjla ^ ^^-uljj^II ^aLowJI .S^uS $.\j^g£il s^jjli jl^ 

4dddA djldDallA dllj (j-3^ U' L5^ AjbIjII dlldyjll LaI . ^)djA]l jA S^ufLlI 

dEylgdJ ^^9 (J^ ^aLujJ V L5^ l-^-Jj a^jjAl (Jaju Lgjl AiUall 

.*5 UJI 



Water 



f LJI 



^jL-^aJI ^l^jl a jV ^-ujLujI <al£ (JaLx£ tLj.'hlV a 6 £.La]I n»j 
dJLlA jj^^fLa (jl Aii-all j)A9 A_ilc«j «A_aa S^jjj£ CjLia£ dll^duaj Aj^))aVi 1I dtjL&a II j 
JU dJ (Jd dj^a ^JaVi'I 4j\a,C» i** ic-^la J9 j)^£la j)lj 4£9 ja 3I ^3 dL ^j-ald ^)JJ 

*UJI ^Ijiaj V daj*\ji ^Ijj^jjI -la.xaj ^9 ^A ^ Vj^iaII ^9 ja j)l 4 jflWlI s-La 

. 4-x-ald 4_aila CIjLiLaC. ^1 Jaaj_uia]I 

Steam jUall 

.dal j^iaII g J)£^.l ^ ^latll JaiuJall did jldJI (JaxILaJ 

(JSS jldll (JA 2kg ^Ij^ ^lld Lg-jli ‘ S^aJjaaII ^jqarMl a j^d Jj A_ixd3ljj 
(JaxII A^.L^j IdV AjjaLaVI J^I^aII j)A ^A ^jldll j)j La ^aC- . aJSju 

. 1 Ag a <il£ (JaIc. (JSujjJ V d£lj iA.aQxa did 



(JglK.JUJLlll Ail^l ^J^Ll ^^ic. LliLLol^. ^9 <U JAjAaII dll^all ^XjA~^ 

.5.11 JjdJU A 



I^A 



^jialidVI 4 JU1I (JaI^) £*1ajxa 1I dl^dl <jl 5.1 1 (Jj-ldl jjA JaA^Lj 

i^iKllj <aaLola!I JaI j* 1I jiiSI ^ Ajlixdl j (Depreciation) Aa^'I ^ 
jrldj ^Jj <al£ ^A Ia (jVI d^)*j dljl Laj . AjjUajSII ^I^aIIj JaxJI <al£ 

(Jji,x^^ 11 (jl jjJjAAll jjl dljlc. t252 kg u^^)^ja>II j)A 



. AjIa* II 6^A (JA 
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JJu&ll 4ilS :5-ll JjiaJ 


(jjjdXiooo) iiisa 


Jj-^i alll 


S jiill 


143 




A_ijLiaj£1I 


502 


Csljjlia Ci5lij (_paLiiul Aj51j 


u^aII /gjjuuaA 


92 


kw/hr jjjj 0.08 




21 


o j*-ua jliS 10 6 JS3 jj jj 35 


^C-Ha £.Ia 


2 


106 5 

sj^p. 


^.La 


8 


6^)XjjJ 106 10 




646 


^ k«oa\ 1 <al£ i^a % 1 o 


4 


16 


AiK q * %0.25 


jjjlatj 


20 


oUJU^ll 


£.La 


646 


%10 clulj 


4 Aj^ll 


65 


h«oa\ 1 <al£ i^ya % 1 


4_li^A C_ul J i k-> 


75 


JjatJoLlSI ^ja % 1 5 


6^)1 jj 


47 


i^Jjiuaa]! <al£ (_j-q %2 




75 


ji£JI AiK <> %15 


pJ^Ail 


2358 




^i£jl ^ j)a~^a\1 



jUHuil! AjjLa&M 3JUJ1 7.11 

The economic case for investment 



AjjL-alisl (jjjjlia lip] (jjSj (j^ 1 . t (jjjl' <a\l lu>Loj t'th'll Loiic. 

(jjUjlLall oi& . AjLmtJI A ^Jjl jjiilj {*£ *'5<a ; 
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j (Gross margin) J^l \ j (Payback time) 

: JliK kaj*_a j (Return on investment) jLoii^VI 

j jLaiiluiV I = ( jjjnnkj) jl Jluiil • 

^\/JL^\ ^jjll = (%) Ju^\ oLol^SI • 

j)\ a'\\ > >iV I = (ROI) jLoiiluiVI jilt • 

i 9 _^ui 3 vile, jjuw C-iLi ^3 l_£_i(l .Vn>>n CliLo jLull ^_lc- (Jjt.n-vll 

(_gajil (Internal Rate of Return-IRR) jjUII J-i*^ ^Vn.ri 

_jA IRR (jj JLmjluiI - ^ i b'l > a \ IjjfsJj t^JLail J ;1 Vill 

J)\ a\\ i nl (_ jC. LjajC. ^jojaj! I j j aTl > ill y I j)»-m jj lij «£ J&\ ^jUJI 

UjLaba ^u/1,^11 <JLaJI jUVu^l .^Ic. ^jj .U.jLk dllj 

(Cash flow) -iSjl! aJL^JI a uj-j * 1 aAKI 

6.1 1 lM> . .ijLxU ^jA.^a^k^SI J^*-q 

• ^jLul -IjU! (Jax-o j Ua> j\\a\ 




AjIxJ! Jjjua ^ j-nil j*-uj jjjIj : 6. 1 1 J£*UI 
<jli tailed 4_^jJa A\\aC. L-lui^j 4_j! 6.11 

.%32 I-IjIc- d\.llax-ljuj jj±±A ^j-c jll ^al^)*U 100 £-nll 
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U-3“^ eS ^jSlj ls - ^ j^-vl^ a_iLgx 1I ^jli £_nll ^y*-^ Lx3^) lij 

6(Jk (j?\ ^^ic- .^il^all ^xjuJI I 4a (Jj-g OjLLx, (_£i3l £^-gx 1I jL^kjj Ia^. L-lx^-all 
%32 _jI*SLaj ^gkiull ^jUI (J.Ax-g (jli liA LaI \axh.si ^lill A_iLgx 1I A-lioullj 

*^U ^J^UI (JLgIIj ^)JjS (Jk’kl C^lllA JUJJ tl-1^. ^ j19lA V .Ix-G ^J^fLluJ 

(jlS I jj Lgj3 cilj^UaU-uj f. kllj £ -kl (J^S j Ajl t \ a\c> • (j-akJI c4\*gx a $. Lij 

j! i-*h\c. jl^uil! liA ^jc« AjkVI .i^li! .L^jj ^iSI cJ*-^ c^ljl^oLj 

.(Cost Sensitivity analysis) aA1S1I a-^U^ J^kj 



Cost sensitivity Ailsll A ^L ^a, 

AilSll (3-<iLc« ^jI-aLg (J^laj (j^*j lJ^ ?a-Aa*JI (jjurtVi ^j-g <Ja 

I Ajjolij^II AilSll (Jxl ^c- ^jj.2 5.11 J j-^J! <■ > u*a ? 

Depreciation Lg^I okisJ • 

Maintenance Ajk-all • 

Labour cost <J UJI • 

Chemicals a^UjSII jI j-JI • 

<J (Written off) Ajki ^ ^ ^l.ikU jli c^jjll ^ 

till V L_fljja) ^jSlj J-ck (ja JliL 

LgS .AlkJ! a^A ^3 l^)jJ *» . \* Vi J3 A-JLg jj j t L gjL cilli (J-gC« 

o^Lu^i A-illc. ^J-SlI! J-gx-gII AjLix^a AilS (j^Sj (jl 1^. (_J-q!1^-a1I <j-g ^jl 

.fi^^^-G 6^jli 

<jl cililc. jSlj ^ j-a el j^Sa lij (J-gxI! c„i.,}IlSj JI^IS.! <j£-Gj 

J1 (JISjjVI (jli aJ c.j .aJIc. fijl^-G ^ ji JLgc. Jj ^*tkj dljlj ^I.luia. 11 ^jJaj 
CJ U ^ySLcI LillS-cj ^a ccillil (Jj-iJI .LiS-g^ cj_j^ V eS 

^pSl ^J)X \x^lA £A ^Ull! (jC* Jjj^lll Akc- ^jkli (jj .C^3jS^)jal 

^jl (J^akxll i^a .^g-kaijl! jl A-ilkll A a\^W dili CljkjVixll ^Jj A-iuilllj 
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laa-IaII AilS ^ja (Jjlill A 1ajaj£ l_aa. 1 a]I ^La^iAl .AjjUojSII jI^aII A_ilS ^ja JjlajJI 

> ss 

^5 ^Ax-^aS S^)ji5l j y j JIa*aja! tlSjLai «iS 

. LjaJ IIaLa 



Price mark-up 



JJLuJI 



^Jj A vVV \ (jl dU,C. t Aj\a* \1 ^AjA.ail A I^AA (JaLaj jlaAj ^IaC. S-l-ljl 

(J x s\\ fj\ (Ja3j dWjAlA ^jj . t.Ay jVia! j Caa! . ^}al £^-uo 

LaJj . A_jl-la Ailc-I ^3 Lixj J J c A_Luj 1 _Lq aJaU. CaIa jSa ^.a Jal'xj ^jl <■ > I'NJ i^II^Jjaa .11 
£Aa 1 I ^)*ja ^-i^J-iaA j' 4 ^ 1 aISaIj 3 i A^kj^a.'lj AaI * i«..U ^cA L^a ^caIa cilajAAA ^jl 
• c^H^AjaaII AjlS-Iaa ^jxjaII ^^ic« (JjA-a^i] A xai A^* k jl Aala^jI d^»l§ (JaIxa 

L_il^aJ! li] ?<^1 ^jjaa! jjja 500 400 (jAA <^\\^**uj>>a\I Ja 



J^J^A 100 ^}XjaA jOAa A ^^jjA -ilaAj ^3 AjlSIa A-J^Xj-sa .laA.jA^ 

(jl c4j\c. aJUJI 6^a ^3 j .%32 (3 ,,c l)^ ^.lalj ^\-c- Jaxa Jjaia t4j\c. 141 . .lal^ll 

. t^lc- j^jjudA jIau^Ia jjJUll (jJ^^aaII ^Ia^V ^>a£I l.lg ^ J-1 aa 



Conclusion ^UiLuuVt 8.11 

^A AA^ia. A j 1V1 A j\aC> oaISB x*ri\°^ 1 j! AjIa* 11 CljLplj-aASl ^)A.iSa <jj 
ic_u£JI j t A_^«JL*_a]I CLAa£L^a (Jja JaLa j\\ -ja lA-lxll cilLiAj . Iaajoia aJ^Ajoia aJLuja 

Jaj^Ua Ca j 3 j Ia 1 £ j .lg aljaA ^aII S^LaaII (JS ^} 3 jJ ^^aII WWW CaIajjuA j 

ja^Sa ^ic- (J jj^aaJ! ^H£aL (jlS l^A ^ jSj ^lill AjIax 11 a AJDIc. Aj^La. 

(jAi]l ^jA^a.V I £a dUj^al ja ^A t ! -la. A Ag a !1 j (_£ ^ ^ aV I IajaV I (JA . (JjJaSl 

Aial jaII j (Verification) aJ^' c> ci^' ^ jaIU Ai^ 
^Vja iilkxj ^ Iaj .^A^x^illj ^jJL a£}U ^ (jjill j (Approval) 

^I^IIa A \j^a A _1 (jj^A V fl^jA Aa *iS ^ 5 ^) (jj-9 t^jjJaaVI ^ ^*^>11 (JjjIaII 

.(jl jjaVI ^ la.j^)JaA (ila. jHa (jWn Iaa 3 U-ajj-aa. ^Aa ^iaA iS^ 
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Further reading 



<LaLia) £i\f -\ jS 9.11 

Peters, M. S. and K. D. Timmerhaus, Plant Design and Economics for 
Chemical Engineers, 4 th ed. New York: McGraw-Hill, 1980. It may be 
beginning to show its age, but it is still a very valuable and 
informative textbook. 

Reismann, H. B. Economic Analysis of Fermentation Processes. Boca 
Raton, FL: CRC Press, 1988. Basic textbook with lots of practical 
information. The presentation is very dated but it is still a good read if 
you need help. 

Kalk, J. P. and A. F. Langlykke, “Cost Estimates for Biotechnology 
Projects.” in: A. L. Demain and N. A. Soloman, eds., Manual of 
Industrial Microbiology and Biotechnology. Washington, DC: 
American Society for Microbiology, 1986, pp. 363-385. Another text 
that is still used extensively in spite of the years gone by since its 
publication. 

Petrides, D. “Bioprocess Design and Economics.” in: R. G. Harrison, 
P. W. Todd, S. R. Rudge and D. Petrides, eds., Bioseparation Science 
and Engineering. Oxford: Oxford University Press, 2003. Good on 
production details, but you might be better off buying the intelligent 
simulation package if you can afford it. 

Process Simulation Software 

BioPro and SuperPro Designer. From Intelligen, Inc., USA, handles 
material and energy balances, equipment sizing and costing, economic 
evaluation, environmental impact assessment, process scheduling, and 
de-bottle-necking of batch and continuous processes. 

Biotechnology Design Simulator (BDS). Developed by Life Sciences 
International (Philadelphia, PA) focuses on scheduling of batch 
operations and resource utilisation as a function of time. 

Batches. From Batch Process Technologies (West Lafayette, IN) is a 
batch process simulator that has found applications in pharmaceutical, 
biochemical and food processing industries. It is especially useful for 
fitting a new process into an existing facility and analysing resource 
demand as a function of time. 

Biokinetics. From Alfa Laval, modular designs that mainly focus on 
mammalian cell cultures. The modules are predominantly bioreactor 
modules, cell harvesting modules, purification modules and 
biodeactivation modules. 
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b, Wlxi]' i A -r A \\ A :KI1 

jjic.L Ai J 

'A W> .-’il , a * ^ i i A jK\l 



Introduction 



1.12 



(Jxc c5JLsti]l Clllj ^ 11 (j! 

(Jx<a ^J! 4 -jjj^fcll Cllljt-Aa-c jl jl ^)iaLA^.VI 

AjjL^j <! 4 i“ )\ \Ij ^XxM jl cliljjj j^)J! 

b jla^k jA 11 ClaLiLixJI &AA (j -o (_£ I ^ ^ LujVI <jj .^LxuJaC. Ajc . LoI ^.1 j 

\ *n.Vig ^ La LJlc. j ^.yvLo (Cell line) Lu>Lk Jaa. a^jj dna. Lu)laJI ^ jj 

(JxcJ LaA Ij ^L^JI Ja^. ^\]~usia ^.iVnuj . CllaJ ^AJJj LjI^jj 
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j) .(Microbial and mammalian cells) jSUll j 4-ujjli-dl LpUJI 

.tiilj ^jfLol bo 4_I 4_al£jj ^ j)Vl<dl ^ic* (J jj-aaJI jA £jjl! 6 jJaik 

(jj . A qKx>_j j a.viar <o 121c- Ll^i^ll 4 _l\.aC- .^)Vn j ^ j <a > i ^j! i \ a\c- 

• (1.12) JL^IU ^jJa j-o La£j t(_)^.l^)-<i £J^)I ajlc. J-gjoiJ L£>laJI 4 _i1aC- ^jj^laj 

(Native or L£>laJI JaaJ JjVI ^n\l 1 4!^ j-4ll (J^^u 

llilaj (jjfLi Ua sjIc-j cl_ 3 jlla-dl Wild — type) 

iaa. A_ia.ljjJ SjLj l^-Dia. (j-o ^aJJ 4 2 cilli n ; . AjJaiajA CjL jiuiAJ j 

Aja. j]jjj jl AajjjIia CjLuSj [g product /(g cell) /h] jliia-dl L£laJI 

Ait J Jp' .laLwj jV ' djLi ^ — s j J >41 AiAaj d-ojau3 3 A4ajall Lai . A_Lj J)a. 

(JLLa j ^jjaa-dl ^ j'Li-a A-AaxII £_i*j 4 Ajla^dl (_jxjiuj ^jta. ^3 4^ jJ)]l ' S j ^La j 

^ ^ ^>'41 ^jAwia]! ^gl\ V j; ■ >* } tfjLjll £-i*-a*ail 




AjIjjJ AJa&LaJI ag^jiVI Jlaj .AjaJ^aj jjjtajj ALjfr AiLulI ^ j 1 ^ J** ^UA A :1.12 JSLLI 

JaljuJIj A n >i j) jJI AjLaAL-uLI . Jaljatl (jjj Jfrlijil Ajiat Jwa AAJiU A 1 ala a AlalALa 
.(jjliad Jal J AaLa ja Aiaju J£ Ait jUlfrVI (jjau tftAil uaj 
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^Uttl Jbdl 1.1.12 



High - throughput experimentation 

(_ jx 4jjxlm JjaJ 9*J 4 LjjJij jl jx Jjjaj CllLllxC (_£jjl 

Jja.j . IjxJ 1j\xc l9g^. i _ iU->Ti J-lilsij aj^J J^VuhL (—ijljiil 

J i_jjlaJiil (jx JJa J9c jl iaa a .1^.1 j JjJj Jail ajLc J.i J aHll i_jjlJil 

Jj Jtij]l ^xVi LxlLa^ j . ^jUil! e9A i_i3l jj j 4-li.lJI CliaJI 
^ \r. , j! ViH jx J]ti]l <LuiLx]l t J a . .V' Jl A Vlnuill CjLx Jbtxll Jl Jj 4 " n-s 
jjc Lgjl V] 4l-la* jJLac Lgji Jc JjVI “LIa J l jJlii JLiJall o9A (jl jx J. Jl 
jJUJ . 4_JjLji]l jx jjJ J9C JjaJ J-l3 4 _ 43-Tn Jill i— Sjjlall J ^XuiLx 
(JxLc jA (jjjjxll ^Jj (Jjx^aJI “Lc Jjoi jV LljLjj <xj!)Lx 9*j (jjjlall a9A jl 
jlajl) Jj-JM j>x aJjjJI J jVI (j C CliaJI Jj Cl ll jLaiiLaiV I JljLc a jlj j ^J 
A jYq'ill JiLuxa Cuij 9a3 44 iU.il A-snij .(jaic dilUill jl jjxc (jlLaJI jjxaill 

(High JJijJ JLc i_ujjill Ciuu sjj^a. <L J. (Biotechnology) jj;JI 
L-jjj^iSI Jj Jiyj gjl j t HTE J - throughput experimentation) 

I jilJ Jll a jjir ><-ill ClljjJ > axil ^Jc JlliH (Jj». >.‘;ill j “GxiVI iaJjJ 4*‘n j s jjl jixll 

. (Jill A qK lj 4 jJI “Lc^jxJ 4_icJ Clllj CllLxJjux 

jl n-O jx j£xi 4 JjaCill c_sJlA jc jliill jlaijj 44_ijijyi 4JLc (jjjlall jl 
jJjjj a jya. j jiill j jjjj£ll jjLxaxj <■ ' J -n. II £- J jlix 44 JI 13 JI jxi Is Cllljjliia oJc- 

(jjl Jjlu (Ja*JI Aj£E]Ij 11a t_Ala!ljj .'ijl^pJI -J. jJj aSJIj 4 CjUAslaII 

.^lulL Jlja.j jjx Vjij jxia. Jj Uia. jjjJj ajc. «.lja.j ^(Parallelism) 

Aj& 9c. I jS ySh.o La Ullc. 44^.ljjyi JLc t _ ';jJ' jji 4(_jjJlil 4iliiSJ a y <\\ j 

eiirij ti_ijLJI AiiSLx jjx JxL (Laboratory Robotic Platforms) yjjiL^x 

a JLc. .LjSxx dl9 Jl (jxii ^J jjll L . 1 J ^■‘*'1' jjx 99c- ^Jc t-jl^xuVI ^JxaaJ 

JlSLx) lilLiA ilAjl^^l jjxj jll J-ljLjll jjx JJ Jl' 99aJI j jj ciillj Jc 
(1.12) (J jaJI ^_Ca jj . jj J ajll 4 aSS (Jiaj ^J1 !»J (JS (Jl 

■ A.ijt.Lij'yi JLc 4 _ ';j jll <li.jjxj]l ellUJaLil 
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JS jjc 


uujSjJI JLil^i! 4_al*JI 


4il«Sn (j4ju :1 - 12 Jj.iaJ!l 




L£lLiJl As-jja jjjiali JaIja qa A^aja 


3UL.I 


<-.l ajUlti 








• 


jjijiUI • 


.23 ^ju^a'1 




JjjUJI 


oAC- dll JxiiC- 




t^Laa.Vl j (Chiral) 

4 i ^\* n. 4 < ^ djl ^Q-v a # 

©.luiSj^a 4_1 aI^ 
.4_]J)4^-aj 


Jaj>Ja.^ ^ja c 

C Qxxi^" Liiu jj 


Ij^L^JI -Lxk ^ai^xoj 

t$ill (wild) CjLflSn 

• 

1_1aJ^jI UaLij ^^Jaj 


^^Ic. ojjla CjLaJ^jl • 


JaLoij Qc. 




C-C o dyj^ 


j ^ lSj **• ( jj*) 




.S^IalH-Q ^)4C. 


^9 o.)],W 4_ilajaij ^a 






^)LolA 




^Lja-ai] 4-illc. 4 _j^)Lic. • 

£j' j- 1 (> 

.CjU^kall L£U. 

^j^ajVI gjl^j (jjxxiVi • 

(J^Lls-VI (J>a JjVI 

. CllV j 


4 v>i\q*i\i l "' \\ CiQ*i\i 
0lilj 4_lil jjoixII dll^iUl 
-LajJ-v^ ^ja 

dlj Ljvl^JI 

4 U,U\A 
11 4_i2i.\_AJij| 4 _ujJuA 


• 

(Cell a y^A 4_L^)£. 

uc- v^LiSU library) 

4, u^i )1 SjLa] ^ x m a 

• 




L ^"l\A . W‘‘uJ 


• 


JaUij (Jj|i CjLoJ_)jl • 


lj£^ij t*'' ; ' a"i \' 




A j' ‘•tf'j 


dUaLod 




(Ja^ 1 4_U-a J)j>^T\11 


• 4^ ^jjoiJ 4 i s-\ ^ ^ 




fijll i> £-^jl lS- 1 * 


4_^^a]| l\l 


• 4, uxi^kA 4 


Jla^l J-llgJI 


LjUj. cm\ 






1^_1a L^yL^ll 






.o^jjIjlIa CjIaj^jI ^jC. 
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_jJ\,a«oa .IjA^J • 

Jb^jj N tC 

. Lag \c.lijj La jj 

JaLu^l Aj^jILqj jLU • 

Jla (6.19 xa] 1 
4 j)VtA (JjLuj 

ajjLJI csy< 

. ^cJI . . . A_iiij j^)Jl 


^ JJjJ Ja-Ujjll L_li£ JJ 

L^l^JI Ac-^J^-Q £.ljl 
Clllji x ✓aT fl ll ^ j 
. A_i1ax1I 

^-Loj^alill ,W"nJ (_j^aj 
Qh^i V il 
S-LL £A C 

10 *1 j^l Jj A^UJI 
ajj^j 100 J) 


• 

L-Ll^^HI ^JJ 

• ^aHI (Jaa^I 

AjIaxII Jlall c 




Aj^^pJl ^)JjIxa]| 
(Jjia^^aII ^jjjLxa^ 


• 


4 l '1 nix ^junlftiN # 


A_i1ax 1 1^ Aj^jj^jjJa 




. AjL&xit 




(kinetics) 


oIW<a Jal£j • 


oJ. WaII L_flj^)la]l 


• (Jj)A^1^kA\l ,il.K 


< u\ HI (j-L^-uaS^U 


^Js^llj ^jj-Nxu^Vl j Ai^. 


V*k 1 dji_lUa_lA^ 




Ajj'Lia ^ n-s jjAigJI 
aHaxJI ^ \c~l L 1 1 ii\\ 





L frzJi £ jji U* a jUpI 2.12 

Generic considerations for cell cultivation 



jjl j Ja jJaik Afrl^j AajujLoiI (JaI jC* d«lC> ci3Li& 

bM* a" A_i1axJI AjJIc- Aj^>^JI jl Axjuj ^jc- ^jJaill (j>i* i cjIjjc-VI (j^au 

^Jc. Jj A^.1^. c*3La& <jl j LaS . Clil qj ->h* a! A_iuiLail nan 

^ic- AjIaC- (jc- (jiaxj j Ajjljjjill (Ja^ULaII 

jLo IhoV’uhaII diLa ^I xaII .Aj-lilsJI A^J^UI jl 4_JlxJI AdaAjjVI ASJ^ia 

CjI jIjSII ,Wn l^joiLojI ^ic. j jolftll CjLia^ j L£UJ1 j-aj J 

.A_l^llijV^ (_£j!1uaa ^jC- ^)Jaj]l 1 iLg_ud&j ^A iA-iLcxll (j«*vs*l 
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Aseptic operation 



4-oAjlaJI 4-iiaxJI 1.2.12 



^3 J^aB LiLaAl Aaa £-^)3 A \ \x a Aj^ia. 6 ^jj^AxA Aa£x-aII A-iLaaAl ^ \x'\ 

U-ajj^aa. j\ Ajj£>^y± ^ic- ClAjjlSj (j-a a 3I-^ (Cllltlire) Ac- ^3 

Cll^^Loj jaj UaJ (J,^.xai .,1 oJilc- jaJJ LgdV 4 xj>).\ 1 ,^ a lj^/La Ja ^al JiaHuA die. 

Aja£ Jl^la.1 6(J! ^jjaia.1 ^3 4 ^Jjj jlill adA Jja 3 ] 

L^LaJ! jxqJjj Aj^ajJI L_alLJ ^ iumTi I jjJ j (L_J jC^}a]! ^ j*ua11 

Ac ^3-° ^aj 3 )-^ Aj^^Lc dl ^a! A Vua'I L3LaAI £'33* C5^j ul ^-j J . A, rVnxi'l 

.<ailaA L$\ 3* A^^ Ajdl^l 

Ad^y^Al j 4^Lj>ji!! Ainll ^ic* S jIzlumI] 2.2.12 



Control of physical and engineering environment 



AjjljjjB (JjjjjILc ^^ic. ajAaiuA! L£>LaAI Ac 3 3 &£ jA^ll (** AjU*ll c > lUnTi 
CdVdxAJ 3.M > J A i^aj i ^ jjaA! (Jc-liftll ^jA,x«aJ ^Ac. j AjjuUJj 

33^) AAjLoAI JaLaijV! ^3 £JjolAI 3^3 Cl)!^ £^uA .AJjujIja 

^qjjuiaIIj £ 3^ 3 .M (jli Id^jj .(mg/L 7 ^Aj 5 &dlc^ Ida. 1 .daq^A 
.a ; iaaVI a-Ac 4^.I^a cs - ^ U-J^ (_£-dll 6 q)>x,<3U 

(^^iaAl JcIAaI] ^_ald]l (Ja*AI j ill ^A 3.)>*^3I 3.)$ >*i 3] 

3^2 ( «— Sj3^ l** VWj ^jl (ji-aJj IdA ^.cl \x^l\\ ^jIiajiaII ^3 dlldlljj 

Aaj>3a^ AAjqi- Alaqo (J^ia. aII 3- 0 3-3^ 1^5 . 6qJaA,\l jAl _^Aa]l 3* dJdxAl 
3I t g j-la-AI A j\a,C 3* (2 Aiaqo^ L3LaAI <Ia^Qj ^1 Ij^^LaAl 

t^y* <jl ajIac. L_ijlAl! 3.j> I (_£ jpjauA cALia 

(JJjLiS t ^3 aA^^aII^ ^ V^aII -li-laj 4 _i I aC- ^.IjjIj (Ida. 

.(4 Aia^)All^ A-JIj]| ^jujjAJI <ia^)Ai ^jjjLujIS aJ^' ^^AalA^ll j 
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i_g dljVt jjjj Aa*^^! AuLjjjall u*aULaSI qa 

J£1 ^jlLs sjlja.5-a.j-lj <J5*' ^yjja. JJ^IA ^3 j lililiA j .a jl jaJI Aa. jJj ^-iia. jj. 1 }$JI 
(J j£-aJ ' g j'r- b^JoauJIj jJjLt-oll ojlA (_jaIa 2 ‘ . ; ljl£Jj tLi^La Ac- J_j« 

V AjjaaJ CUL*]I ^har ^ jl Laj jVull jjjkjj jxull A_j£jaJ ^j-).3J ( m ^ c " 

cjli t JIAj s J jaJl (Endothermic) Ulm J (Exothermic) aSc.L jj& 

C5 lLdl c_fljjjall AiAkj A_i1aC. j Liilkl! a!j jC. A_AaC. Jilk ajl jaJI A_ajJ ^ic. 

A_ik_JI j-o .^£jLoJ! (Jx^q'l jJajlJ A-okkall C1 j\ \\ a * '1 eUuouAj 4d jlc> A K (JLqj V 
j-a j^k'Lj iLpkj jjfL as ^-ij^.j-i ^-11 aSjII ^ic. S jl^ndl jla jkVI 
(Jalj-a J^Lk lAa. Ajjjjka a jlxluJI &AAj 6% jjat t^nll CljtjjjjouJI ^Jc. L jLlaJI 

.ipUJl Ac-ljjl ^Jj-<JI t—fljjjall JAajj tUilkll Ah jC. 

£ jlU]| jjJ^JJ L^lkl! J-4J JJjU-A JLi^J 3.2.12 

Determination of cell growth and product formation parameters 

^aJ AS jdx-o E!>lk e-I^V A_ia£ L<u 3 ^Jaxj ^lill jjjIxaI! j-a j] 

j-aj AjSja. t-Jlu-ajJj jkaJj . ( (jji jLuJI j ClJljil jdL-aall ^3^ ULLui l g )c- i“nw\l 

jjj£jj t jja. jjlill j j jjjj^ll ^^-Ic. cAjjj^J! aJjSII ^lljj a_u£j djilkJI 

j-a A-iuaJj^)]! 0 jllll! (Jj-qj jjjIxaII a^A jlj c A- 1 a£ jjjIx-c ^l«lk!Loilj iAj-alk j^ljj 

AaAaj ^aJJ tftjlc. .lgllc.1 jjl ^ full L_fl jjJall AjAklJ j L£>lkJI Jak aJjjxJ 0 -al jj AjI 
Cllkjj A_alik-a Ajc. jj JaLoa jl ^ic. A^U cA^lik-c E^lk Ja jJak S^xS d^A 

A-!j£ Eilk Jak ^.lijj! AjxSII Aj^jlLdl A_i-<iAl ^ijJajjJj . A^hk^a A.jlu L_flj^)Ja 
J3 I^A LilkS! Jak (jl d-JliLo jAij I-QJJ ^ jiu.ll (j-c A_uS A n» ^ E!)lk 

j! ^jjjjSII jAi-a-a ^ 5 ^ Ajfllkll A_a.jAllj j-<kj V -^S jl 6 j-<ull ^.^Jaj (jj^ 
^jj 6 Jlldl (Jaiwj ^^Jc. j .Ullia jEkll ^jjSj V c_ a jx*i3 cA-ilc.j c^jJa.llLoS! 

^ lii*-c (Cetabolic enzyme) I^^a UjjjI ^ c sjt ^ 

A 1*1^11 c** n^\ ^ jVull (j-<a ^1^ V jj-aa-Q t ^ jJaJl (JjjalJl Aj\x>C. 

Ljj! jj jjjAI^-q jj^kA E.COH Jak jl t^jjkl A_ia.E j-o . g. Ja.u j-<kj AjSlj cA-jjJaJI 
j-o (Jfll A_u£ ^^Jaxj Aj^lj ^ jjail j I JJ^S J^l AIIiajj jj^j -13 ^jjjVI 
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ClAjjl x^ajal (jj^A (j-a JjJaSVI ^)Lil^l AjLqC AaIju . L-J^O ^ 

^A A-jj)..)^kSl o^A ^jl ^jJa (JIII aII j iAj^\-u)j\ A jLaa 11 j ^ jHaII 

aJIc- AjUc. ^1 jJjIaJ ^^juiLujI 



1 

i 

'O 

1 



I 



Jp 1-100 



(Stirred) <t£ j^a SjaLua <bt ji 
j ^ 4 1-100 



Ss,i 



>1® 25-200 



N^joL* 0.1-5 



M '" 






A U*A a AjfrjV Ali^aJLuutil CiLa^jlxAll j AjLudl »^a ^tuV) (jJJ AjfcUJI :2.12 JS44I 

DasGip Ifc j ^jiSI AjjLaaJt dil Jiu4l iit) LpliJI £ jjt 

.(<http://www.dasgib.de> 



l£L5J Aftljjl 4-*bttl ajlc. Sj$*Vl 3.12 

High - throughput cell cultivation equipment 

A ii^ii^iV c ^ • Ajjjj-dl dl^lclLoll Ailli-ail ^lx\ ..-Vlll \a -li-isJI lilljft 

(jLaj .l£UJI <• inSU s jijldl j (Semi specialized) 

AjJjlajll AjjiiJI Cj^ftliull (I) A-lLaadl Aju^i iji^ Cj^ilclLall oi& lJuI^sj 

^ 3 jLudl ^jlL-a (^) t (Shake flasks) ( 4 - 1 ) 

jrbj)M (2.12) J 12 JI .(Microtiter plates) ^jjSbdl 

oJulj lAiLdlj tA U'^11 (JjlLa A_iic 
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(jjjfll Vixu Ia£ (jc, lg« a^ (j£aj 

(_£ jlxAA (JJJ AjjS <]£ylc. C*1UA op ‘(2.12) Jj^JU ^^^a Ia£^ 
. jlc. (Jjix^a^kll (j^AJ dlLa^lx-a]! A-1 a£ 1 1 J 



Bioreactors 



lj^ILaSI 1.3,12 



c1l>Ic.IAa 3I <jli ijl \ 1 l g a>^ . (jjij (Cultures) ^ jl j-« ^ lU*!1 

tillj j aJIiIa ^ jj 4_ic.j! j^aN cAjl^aJI Cj^Ic. 11a ciililLj 

^^a j jAil (JSaIj Saw a ajjj jj ^^a . ^jjunll I^JIaaILoiI a! 

^)3jj ^A ^ja 4_iaAI .<L^Ja bjjfa AIaj (j-ucAudall (J^a ^ja 4_l^jkA 

^ja (jjiiuj C1 ia£Ijj Cj^C-IAaII ^ja lAA CjIa j!*a 

^A AIj^VUjJaII CjIa j!xa]I (jl J 6 Ai^ (JSaAJ Ail J^)JCA 4,,UjJ. Vlg.ll AjAil! (jl • (JLaxIIujV I 
CllUl^iJI (jV tdli J 4£jAj!il! Aj\aC. ^A SjjujUa l^jlJVl <j£aJ 6^-a.VI d AA (Jja 
a^a'I ^ Auc-j^U \.,ua>..Via A^jLiA j/waII ^ jIaua ^ic. aAjwaII 

^AIaj a^. 1 idLa] jli ctilli 6 .^-ujjVI ^g.c.1 ^ jl 

^jjj Iaa U£aa 4,.)l.)l^kJ,'l Sjgj^VI ^l.lVn J (Ja (J*^J ^>^11 Sjjj£ 

.AjIaxJI CIiLa ^IxaII ^ja a ! ^).i)Vi V uiA ^^ic. 



t juaaII ^ jloiA ^^ic. iaAjWaII cAj! CIlAc-IAa ^ C5 jauj^)ll 

<Jj)IJoa 11 jI^aII (J jIijaaII j ^IdjiU (jAiW'iaII jIiuiaII ^a 

a fl.}3Vu (Jajujj Ja 1 £]Lj a (jji^A Jc-IAa 4 n^i ^jj .aJaxJ! ^ \ ua\ 

^Aj jjSLIIj i (Probes) ^jIahaI! j 

jli tAJc. j . jaIa ^.IjI ^J Ua j CjLiIac. 

I jiA (J^3 5-1 j Saka dia jll ^ ^jl <^ 5 -^ *n*i \1 

; ^jJ^J-iill A j\aC- ^UjI CJtC' Jajuj^JI c ^j\l£j (jl ^j£aJj 

^jl (jS-<^ ajc. jVI (jli 1^1 tjjjLiUI C5^j 

.lAjl^abJ (JA 
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2 a Ajllc j AjAJSjII <1iIJjla1I AjjULa ^jl 4_alfi. SjJaj .2.12 Jji&JI 

L5I4J1 Afrljj AjLjc jjjiajj 141a, 


Ajlaxll AilS 


aSaSlI !jjjluvi 

Ajii j^ai j 


phalli ^lijyt 
uriJ*^ 


i j j M* 


tJLslI (jjj I^llc 
flaJI Jljjl 
JUJIj 


^jll : Jit 
‘pH ^^iia-jjAi^SI 
6 6jl^>^. m^jl 

y jjVi-a jj 4j^i^ 4 V*^ 


JS] 5-1 (jiaii-ifr 
J cs- 1 ^ 


(Jc-lLi 
(j^ ci-ijlSj 
(jjaa^ll jl jaJI 
Jil 100-1 


(Jdll ^)jj1 I -L-UJJ 

juujlj 


pH :Jlt 

jj''-*' jj ^ 'j'-v 4 V;< 


20 - jj 

JS1 


iSji*- (Jc-lLa 

J- 100-10 




6 6 jl \dl I^aidd 

4 > j >*n. \1 4 \**^\1 
^ jjIaII j 


^jjaj (J£l 50 :Jajoij 


» j' _k^' <_s' jj4I 
J- 100-25 


6 (JLoll ^)jj1 I Jajoij 

^l3diuil J ‘dLaj 

4 ‘nI^'u i' ^\1 j| ^oll 


6 6jl^)dl I (j3lW La 
4 _jj_l^JI 4 \**^\1 

^ jjIaII j 


JS1 UiVI d 


LSJJ%4I ^yaa^aJI 

JS1J- 5-0.1 

s-lc- j 



43 dljl^dll (JLftXluil IxjLuj ^-i*-£a! .333 dal 3. Wall 6 3& ^jLdl 
1 jxu.Vift A^jLoui ^^^3 .4j-1a1£i]I 43 _^ad<2l dUl^dll 6^)i-x-a-a jd 4i43^Jlj Jill 

Alnll ^)j3 jj Jc. 6 Jlc- 6-li^. (j£-d oAK^'l 4dll J jj j A-j.\)Vqall dUl^dU 



L aa ^aldll 3l_JI ^3 jLdiSVI Ig-dL^-o (j-^ *<^ ^\ >^1 dli tgil Lajj .4_aix_<<ill 

c" n^, J*JI (JaH 4d£>La J£l ^ £3 tilli <Jc- " b S^ c ’ . J* " jj^ 

^i3J (Jj3 (j-0 dl3 j]l (JJdiij iUlj}^. JoC- 4jjal 3 a. JJ 6<_£^J dljl^^. 63C- Jjxd 
Jl (Jj-d kj^s) 1 jutia Jlc- Q.)y (JSj (J3*_a dUI ^dll 6 3A J jj . 3^.1 j 

.JaLkJI A jlaC» ^3 _jl J.3,-^.11 ^djoia]! ^1 AdjaaV 1 (. > a Una ^500/h 
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j ^Sjll (Electrodes) l-jILSI 3] cJ^JI 

V tSjjuSJI dili ^jl d^ldi* £a SjIc ^^ILau ^11 



^Ia^J-ujI 3 * A_ilc.j djljl^^JI £a l^al.^Vnrtl 3 ^^ 

ClAx Ijuo n/n 3^-^ cJULdl Jjauj .ASK jj£Ij Aj^AA^klLa aL.1j ^Ajaa 

<j j£-c (Cables) d^Ll£ CjLilgi ^ic. jl/j cj : )->^S^U a^La^. 

d4a (jisLiluj . (mm 2 — 1 _j^a3j) ^Ajaa u*^' Aj^)j-aj ^3121 3* 

,^j£| will ^'^)I^a1I A3^^>-3 AAILaI j CjliAx^aJI 



(Shaken S j jj^»aJl £jj^l 4 jcjS ^ jLj^j ^j^Lxa :3.12 JjasJI 

a! ^ii-aJl AjjjaJI Ci^LLJL cultivation vessels) 


1$ jLui^i 


£}*m\*±a\\ 


( j J> ,,.<6U JjSII JsJ] Jat o^liS 


3 \9 i*H l\l A \g ki) 


D jlalxJI J Ai3I^)a]1 CIiLiIaC. Aj^XjaS ^aTu*1a 11 (Jt21 


l^C-3 3^^ CjLAI^a 


-li^. A3 j^>xa ^jjjLxa 




oA^.1^11 ^JA (J3I CljlA^i*-^ 


J5I J^c. i J 4 i'W'/' 



Shaken flasks S jljfll Jjlj2) 2.3.12 

^jjIa ^ji jJ) ^jaIj A3j^)xa]I A-3aj^)AA'l l..*,1aAA**uJ 

J£! J Jj V Ujj ^ j cl£UJI -L jIlL ac. I jj gi sjjjc. (Erlenmeyer) 

Jaxj . ^Jjiialill Aj\aC 3 ^ 6j<*\aW J^I^aII ^3 VI-axILaI Ajc^ 3 ^ AjCjVI 

.ml 500 j 25 (jjj ^ jl jS (J-^ Sjjj^aII (jjlj^ll 

4 AjJLi\£all A3 j^AaII diljl^^Jlj I^jULa Aic ^jLoiaj ^-ujL^a 3$3 AjIaxJ 

^ VlAll Jiillj .JalAll ^‘h'aC. 3 -0 3^ AjIaC JLjJ^ .(3.12) 3 ^_j-° Ia£ J 

Aj3 JjLoJI (JJ.J j2! A JUl.VlA ^A g)..(.U^AJt,\i (J^jtA J AxA Ia j . ^JJ^JOl£!)U 

6 ^)jj 400 — 100 ^jI.V^ai 3 a jjjj Jaxjjaj iLi^j^Aj .( 3 ^ Ax-jaj ^ jj) 3 ^S! £. 1*23 
LjL^j diljjJaLaJ! ^)3 jjj .AxjUiSt ^a cm 5 — 1 3 ^ 3 ^ 3)j tAij32lj 
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Ajlai. jl (Ortibal) ajJj 3* asj^>L ujj 

(jiLijjll (j-a IgjV 3&^ ^l-^jjai! sjlc. 3 > ><q.i j .(Linear) 

sjjjva ojljA CiliakiU. 3Uj£ jajjj .jlj^aJI J& j^A\ ^>j (Splashing) 

. 3jIj 3I (j-a c-Lall ji_u AiLaC. ^j^a A2 »j Igjlfl Ia$jj tAjjlaJ Aa.jA J& a jbj»>n 



c%25— 1 0 ^-Iaj (Fill volume) aitLal ; SaIc. ejlj^JI 3 jl jaII J^uu 
(jj .m 2 /m 3 500 — 100 (jjj ^>^Aj j kL*a A^>Uax -L^j Jc. oa^jj 

A T p 2 aj 2 l Ajj^jII j^Li. Jaa3 <■” 1 ; /j ;■>. mOi 1 ^ IjSil Jajll (jV Ia^. ^a^-a lAA 

j!i£l (j_jSj 33_5^ aiA J A£- jjjH 1 j V /l A \l (jli iAUajj cAiC.jVl ^j-a y- gill Ia& ^_A 
2 j Ai > . A°ljqS..all djljl j A 11 ^3 Ailc. L<ui ■ XVI AjA j ■ w -a' AjjwuLa^. 

l.l£Jj iA^JA ^J^JO) ^ Ac- (jjj-lll (Jja. (J.A»ll),. AaI! ^Ijj-lll j^Jl C(JjLalll 

. ASjq-s a!1 CllUl jaJI ^2 jjfLs ^ill Ss-laflll (jjaiij jjfLi ^ (JjLuJI jjlall ialik 

(Jail! (Jjaa £jLl jl j A-1 £jola1I o JA j-<a (JjVq \W ^Vnu* i AjuLa Aij jJa ciJLiA 

jj£j .l^Lklj (Baffles) j=Jj^. J L & *^ I j j-vaO U 

U I jjlj .jjj.ll! jl«^> j-o Sjjlj A_i^.L^j CllLiIa jA ftjlc- A^-jL-aA jaljaJ! aiA 

ClllAaC- A_a-Ja! j IS jj3 tilliA (jlS lil t-lia. 1 jaljaJl jjfL 

A_ijl£-d j!S cilli ^Ic- 6 j^lc. . Li^Lall jaj ^^9 ^llllljj i (jj> *n^U JaliJI 

&^)ALia ^ ^aj ^il Laa 6 j ^jaLoi^)]I 

jialiA Auj oJlA (JLdll <j1ac. J-a*j j .(jjjj.ll! (jic. Xic. djljjoil! (JjLlj ^1 ^S 

(jiasu <1 j^.1 jaJ! Cll! j (jjl j^ll ^l.lVunl jlS JlllUj ^2 ©Jj^jaSI (JJ^jujSVI 

<li^il! <1 ^joj Laj-^c- (jj£i Sj! j^l! A_ic. jV! (jli cJjxjooI! a^Iac. ^1! ajjouIIj . jJal a11 

JalaJI A^Jjlaj 1 ^-a.^..^. jx-^a c ^ lim) j^lj • (j jS^-aI! j! jaJ! Cll^Lc-liAJ AJjILq (J-^*l! j 

A L^VumaI! ellLojlx-All (Jj!1uia (jli ^llllljj u j» w^l jj^J AjsIjaI! l^-lajj jJS 

jA jl! ^ic- .AjjJ&II aS j^^a!! eiilj! jaJI aJL^j aJjILc LJlc- V ill 6 ^a j-o 

^aSjl! J L_ulill (JJ'N xtl^VI (JJjLiil fiJJLua A JjLulAJ ej! j^ll (jjlj-^ll jjg Vl A_1j1^aI 

A_1axjj>jia 1! Aj^jil^Lftll CjU^IaII -liixj ^ inai Ia*Ha jj^J cilli (jl V] n-v jjJj^J! 

^ic- djlaJjaJ! ^1 Ajjl^lill A^Ja ,*iV 1 J^axj J^J^ 6 till j ^a j^lj .l^JaJjl 
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(jl tL 2 c. . 4 j^nLojj ji j\j 3 3^-0, 2k <sLdj (J^Lk 3-0 ^ \)> 33'\)6 " ^£3]! 

L_2l,2l Cj,)y 1 ^lc- d^l^Lixull 3I3 6£jLoi ^j£* (Jlj V 3-0 (_£ jJjo1a]I 12k Jlo 

•£ 2_a 2I .d.1 4 \\aC. ^A 33^.^! <1£jouJIj .A^Sucla 3JC. dill _jV 
I 2 )ld!l 3d] L_1 ^_uia]I (JjldJI < 2 -oC- 3-0 (Jar >J Lo-o Ja^S ^ 2 d .ikl 3^-^ 

33I3.2I 3-0 ^2-o2! -d.1 (jj -3 ^]]^ ^lc« J-^ c> *d£-o-o 31c. ^ 3*11 <21 3J 3^3 
3^-^ 4 aL^J . d 3L (J£UjLo (. t \ UtiJ 3! 3^-^ Lo-o ^»ix-2l 3^.L^JI 5 J! 3I l . l\Wn 

Jj -^3^ d I^A 3^ 3 ildll -d .1 4 j\^ar \ Ja £3 <-ol ^dlujl 3 33I3.2I -d .2 4 )~\ »>iMl 

. 4 2**^ <21 33I 3-JI 3^ dl3jlili-2l c t n**n 33k! (J^Loua 



Microtitre plates 



^j-aaaJI jUlSI ^Jliua 3 . 3.12 



3L1XJI ^jLL-a 3^ i 4 j^C±^\ 421 c. L-^ld &\ 3^,1 4 -^. 1 ^. cilliA 3! Lqj 

d^j^ <a Jalikj . L£Ad!l .133]^^ AX.I33] 33 (J^d 3VI ^a-ldid Aj33^m'I 

C^' J^' 3d au <^Laui tg22 ^ti]lj3 cc2]i£ 3^_SI ^Jajajl 3J A^-ii-k-sa]! ^^3 4 _i C. 3V I 

Uatd (dliiikj 1 g**nu.ViA 3I ( 3 . 12 ) (J^dllj ^1^33* 3A Lo£j tL 2 c. 33! 3.2] 

33~.id.i ^jlda 33 3JJ .3^.13]! 4 .^\kj^y\\ nun 125 * 85 4_idd jIxjIj 3-^j 
4_adj-dl ^ ^lc>3 1536 3 6 3^ ^3)3!] (Wells) 4 jic.J^\ 3-0 <alido 2-lc.l ^^ic. 

3! tdifi-o 3I ^3-^ 3! (33^1^ ^JaLo dl i *d3i-2l 4 jic.j$\ 33^ 3 3H 

^ 313]^ 3A3 3^ d^Ld.1 tilLiA (.^11,^3 .^xuj 6 3 0.8 3^J I^sLac. 1 dljiikj 

20 3 lc'^-C'3 1536 3-® A_j3£d]l <ddj-^]l ^3 ^^.1 3]! ^Lc.31] 3J 33dLo 10 3^ 

^nXl 3! 3^-oJj . 4 qjx^gr \l AdJI djiua ^3 nil 

.^1^,3]! ^ 3JI1J33J ^J3JI 3I ^3jldu ^J3JI JiLa 2 3-21 3-0 3-0 333^x21 

^lc« ^3 0 JlC.Lua-2] (3 33^1-21 3Lls2l ^jLsj-sa] dUdw 3^3^ 

1 a 3d2l 33^ 3I 3 ^-cj .3di2l (Jdt-c 3-0 d2l ^ 3 d3i2l 3-0 AuIaxII 

,<2c. ci 3^3, 1x2 1 ^2 12 <]j3i2l ^3^ ^^3^3 ^21 j 2^ ®3^3^^ d il^3^ dc. 1^. 

^A3 4 Aij33 AjSjjjoi^Ij 4 _i 2 lc«l 3-0 6^lc. A£-3luxo 6333J-2I Aj3ld2! d!2d2l 3)3 

^Ic. JjL 2 ] jlil 3JC. 3^L^ 3d 32 <^3(3^ diL^a 3 3I 4 'tus-i^ 2 3-0 12 ^.d2,d 
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^gliill Jaill iaj 3I 3^-aJ Cllljl-lmll oll& (jjj lii& . c-lc-j (J£ ^ b m 

jl^-all Alla. ^gi dlljlAu) (jjAj Sjlft AjC-jVI (iljJJ L. in nil 1 -lgJ j tjjjajuiSbU 
CjUujIS i—Sj^Jall o.A& (JiLa CliaJ ^jjll Aj\.aC. lS^t^ ._j-aill Aju^yx 

(j-aja Jjlaj Ja.V (Microbiological safety cabinet) Alai aj> jl jjjjjIu 

. lilliS (jjLalatll (jnVsill ^glc. l^iLiSjl Jjiaij Cj jlill 



(i) M 





1 1 1 1 1 1 1 1 1 1 1 1 R fl I I I I I p 



f-UvAAAAAAAAAA^i 



A^umLS a aai.ua] j»l £■ jtaia (I) .Aa^jjau jW 4 " Aaaiad Aui-liA : 3. 1 2 JS 2 JI 

(i_j) .AaiasJt _$ A la aiail Aafr jiU AjiuuJI LjlfrlajjVI < _ r >u 3 jxJl tJaLCI j^Jaj .flfi. j 96 aHit j 
^JlLuail jbut . flfrj 24 Cal J AjjjJLw *> jlafr A aa&aa] l! jxSj£- jJaLaj <^^3 j jtala 

.3.3.12 * jaJL AajAa AjfrjSfl j 



Ll^LaJI ^jlj^l 3 it* ■ u ‘55U ^11511 (Jaill j JjLull j^Jall lil-s dlLllI 3] 



VI . 0 3jj^-all (JjIjAH aL&*1Ljia]! I g aufli ^gA A_i Jj5j31 ■a’S^. \l 



^jlsLua 



! A q Vi x> 3 j£j j^ll ahx 3p ^'N'sll J* <— IfuUj iAjl 

1500-500) ^jlc-i jajjj (mm 3-1) Jal Ja a*^ sjI & ^AWi 

(ji 200 j 100 3 jj ^ jIjjj 3 j-> >» 5 5 U ^gliSI Jaj ciiVA*-a i 'iU.» :aj .(AiAi/Sjjj 
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tlj^)jlj 96 SI dj !3 AjjaiLi^ll ^ .a^k^ll ^)Lf*-Sl JL*lJ -liC* A^LoJI 

CllJjl 4 jU^)- 2 I AjiC>j^\ ^alj^llujl 3 ) 200 <^ 31 ^^ ^alc« ^k^k^kjl 6 ^ 1 aa]Ij 

L \x x> a ^Jl^SI & 4 a ^3 (jj^jui^VI cJ^ dlV«^*-Q ftjUj ^^3 

cilL 3 -^ ^ic .1 aJL^JI d 4 a ^3 3 ;)T kAAi^VI j£j diV-^t-oj ( Aj^jI 2 ! AjC-jVI CllV«A*-c 

•®3j 3&“2^ ^_jl j2I ^^3 4L.^iVuai21 



1 g 1 ifti cj^^j L 5 ^ 12 >li 2 l ^^) 3 ^ ^jl.Qj^all &«igJ < 2 jVI £2121 3 ] 

Jl£j^)L Ajjj^j^'I ^x^k^ll jLixJI £cjIL ^3 . A i i^aSI j ^IjjVI CljLuSll 

elc. J 96 dll 3 ^al dkluAj . jjj£ (J^joU 4 Vl^all <215 lg,l*->j La-a AjjoiLjS 

^aJI 3 ^ clA^ S-q JbLj tci^jJI (jjdij ^ L£ld 5 x.jj 1000 - 500 jlajl U*^lj 

djia ^Ia^jjoiI ^^joujjII (jjUll 3 ] .( 4 - 3-12 l^j^I 

dli ^Ja 2 lj Aj^jlLa ajla-udl j 421 ^) 2 ! dlj 3 _J Ia ^.j.^.rikJ Aj jx t.s* ^A ^j\ flj^oll 
A \ju*iVujkall 0 jll 2 l 4 _i^£j Ajc. jl jji .( 2.12 Jj.l 2 ! ^Jajl) ^Lri^kVI 

^1 ^ V I ^ 33 * Cy* a L^ a, vix.u a'I 0 jU 2 I ^ jiiuuvj O-J^ ^ 6 ^ 2^11 aj^^IiSI 3 ^ 

^ n> jjJj^JI ^SjJI j l_u! 2 I <j.ii 1 Sj]I jjLolaII ^I.^Vu J 3 I Iajj .S j^^SI 

dl » u 2 i ^1 Jl^Jjoj! 

^jji^jjll Ai^-a CjUu^SI a 4 a 3 *j .(Fluorescent-dyes) a 2 H 2 I 
.<-2121 3 ^ joiSVI 32 jj jj 22 <Loj j£ ^iao 2 ^1 Aillldl (Ruthenium) 

l^-Ilnn 3 ^-^ jl i-.fl.vlll Jjl£ (— $.3LLa ^3 Loj Ax u^all &4 a J-axIlujj 



^Jc. IxHx J ALaj ^jjLolg Cj^jjla ^S 3 t^jUx^all o^A 



u^all 6 ^)ljj Aic- .A^-iii-all ^^3 ^■l-C'j (J^ cJ^I-^ AIajj-c QjfL\\.\.j,x Ajt^^j i^ c ' 



3^2 Aa u^all 3^1-^ ^.^jJail dic-lj (Diode) aJ^jojI^j 

V Ax u^all 3I L2^ • 3:)'~> ,x ^^ I 3^-P Aallujl 3^“^ 

3J^VI ^3 (3^^ CjI ^).) 3t‘ill AJlc- AjIaJajjI dj|j 3 ^o£VI 

AdjlS-oj ^ laj (mm 2-1) Aj^)j-a2l L_fll2VI ^jLu.i2 3.}^" ^Jaall 3] .^2121 

^aJ ^3 j i ^,?k ^k.ll 6^) )X x^l 4_iC.^)3^l jVI 3 -0 ^ ql‘l^^ ^l_^l (1^-U.fkjj) 1^-UJ^)C. 



^jjjLjS 1 <2^121 6^-J . ^.n^k j^Av^.ll ^5^)11 ^jjjLi2 A^jLuIa ^)jLui-o ^)J^laj 



jU*JI ^jlix^a Li3LiJI jai J3L^. (on- lme) cS^joiLi^ ^ \)> ^^>SI 
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J^U. j)A ^ n-S j^)3j^JI ^3^)11 j^AJ tilli CS - ^ ® j-^' 

I3j3^. tilllA j£]j t^Jl ^Ij^ AJajoiljJ &3C. Ui]l jl (j3iA*»dl Aj^jjLq jj jV I A3LjaVI 

. lAjl^aJ (j^AAll djliLjaV! 33jjj 33xJ 



£_£^)l3 ^I.Wnnl j^AJ cA_^3j-£a]l A_iC jl ^ Ja'nI (JjWllI (j^'SJ IajS 

c-aLiLa jl^ jc. 6 jUc ja j .(Automated plate reader) j^A-o a^ L^ 
^ (jltill J a^j jjJall Aili&ll $*! jil ^ (Spectrophotometer) ^ 

j . ixa (_£3a ^Jc. t (Jj> * mM 1 J Sel^jSlJ Sj^-^VI &3A C1 i^a^}J ,4_^jij^al] A_iCjVI 

— 15 fijjijj 4 ^3 c.lcj (j£ ^3 ^(jJA^jlj 900-180) A_i^,ja 3I (JljlaVl jA 

A3lj£]| (JjjI_ 3 j)A L£^^l jaj (jjjl_i£] 6 j^-^-VI &3A ^I.WnJ j^AJ .A_ijlj 30 

a \q tM AJL^Ja ^)3 jj Lg-jls ^ jiA 660—600 &_j3ii J 3ic. a^ j?*^l 

^a3^)]| j L-ulill (jj~N m < \j\ (JjA_ 3 tilliS j^AJ .AjJji^JI A_Sj£]I JAJ Aj3I^)a] 6£ j Llfudj 

(jl (. 1 j^JI (jl fcLdc .6^Lcl Ai^j-aj-dl Aailll-<d\ ^jLoiaII ^I.WhAj ^ j^)3)g II 

33 j tUlU. 6 j3 jidl (plate reader) a j-w^ll isj£ ^1 ji A-nllc ^I.wi J : 3 c c_ks jjj 

.Ac^)jA]l ^3 Lj^IaJI jaj ^3 A_j_^c^)a ^jjc CjI^jjIj jjfL 

Jljlall JjLuuIIj A-ULaI) 4.3.12 

Automation and parallel operation 

jjjjaaj^II jaIjjj (Robotics) ^Vl (jLudjVI ^Ic. ^I.Wnnl a 1 i£La]I 

jA A qV*vs a £*) _^jl (JjlVi j a-n jc L£>l^JI ^_j j l_i^)L^ 3 3jq n ^3 o3cLaa11 

c^iajjjJlj o^)j»,x*-all A3 a II dlljl j^JI £a Aa^aII ^al.Wuul ^ajaj . I j^j'iIa jj jl jjlUll 

c_j jIujL ^Cli3 jll (Jj3j ^IcUa 16 3^J) Ajjl jIa ^jjL^j c3c (Jj-s j ^ic 

^ a^^II ^)Lf*JI ^.a ^Jjj J^)ll (JaIxIaII ^aJJ .3^.1 J ^JjjUA jl g AjLuia 

(Jj u>i ^Ac .l^AJAj-aJ A_IaLaiJj Ajjajl_i^]l Ia3I_xjI c ^ \ nnj A-il^l ^aJsiill A_lajujl (^ j^£ja]I 
^3 (jAJtIiuiA]l ^Ajjflll L_J jLa^I jA ^.A^kadl ^)Lf*-!l L_J^)La3 ^al A^ILujI jl i (JUIaII 

^jjVI (j^AJ c**n*s cAjj3VI A^jajaII e-Li^jU A_i^,llljVI A-Jlsdl aLjxII c**i\j\aC. 

(JjI jjaII JaLsu ^illl cjIj jjjjII jl .3^.1 ^11 (»jJI ^3 c-aSTi^la lj ^^>a 250000 

jLixll ^jlL-a ^A Aj_^jaiJ (jAlstllll l^-i^AJ jjjj M^ll 6 j^-^l cJ^ (jA I g jlc J^JwIaII J 
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*djLag..a JlAjj (jl (_J^-aJ aILxJI aAA a-v ^ " 

A <1 rt(~. ~ B ^ ^ ' / A i Q ^ Q ^ V i \ a .,,^53 l^lil^J^ '1 ‘A It ^ ' j 

(J£ ^Bc- ^-aBI B* ■ -• j jj ■ >» o. j 4^jiiiBI dB5 (J-adli^ 4LB>LxJI £ J j 

l _ s -ic- 'A jU;.,AI J tL_ulill .jt-v .XVI jj£jj J ** )J..'^^ aJj£ 1! (jjUSj 4 j^Jlj 
1 5,1 A H aIj^IuiV AafLo-a 'LB ^cl a jifa^. AiLdal tLjajI (j-aj Li , , Bj ^Jaiaa. 

. j-aill i_a3 jj JU. ^ (_£ Ailll jl ^jdujjll JiLa 




Ajjxai i_j jIaj j £UW! aBIc. L£lx LLjfr fljxV Ajjlaj aBI Labial 3jja^ : 4. 1 2 JSBBI 
(A) (JjUBI fji di) jiill B^Lai . ^jjBtBI ( _ r axxJI jL*J) jjLLaa j»hVuub L? ilaJI i_«jj]al! 

4 (C) A ‘A ■ •• a ejljA A X-Aaa ^ Aalafr ^jxj .3 jo-u all jJjjUjj aJAX-a 
aJjxjx Aj^jlii ^JLLua (D) JjluA! Ajjlla dilaaLa ^hVu«U j£ jj]l ^aj-aJl jl 3-all] taaLuj j 
4^il LAlxJl jLax Ajiafr B)- 4 ABjVl Jxl jxJI (jBxi f-l jxl Bi4 ,jLaj . (B) ajjLaJt 

^j-axaJI jU*Jl ^ilLaa (F) AluiLa a 'A",, ,.j .^jBujBI j j ,jaaJI (E) (jjLill AjBI a j£x) j 
a 34-xi j AaSjxaSI JBLuiBI dll Ax j (Deck) (JjUBI Jjx jjlLaBl BjjxB ,_jjj£taJl 

j^Bij (jL uui\ JxAj ^jl\ AxlxJI (jjJj JxlBL f jjll AalaC- fljxl AAijiaJl ai^J 

.(Tecan UK Ltd Cy* 3A_jxLa a j ynl \ ) Laiaji J^LllLi lAuLajjji julill ^ax 
AJC (JLanHml aJSLx. A Vi^a\l aAA (J!La ^IdaBLuil 

Aij^A -all CjUI jiJI jXai (_JaaL*ill “Lijl^at ( a ' lc ' ijj .AjJjisilll 
dj'u-AuJl ^>3jJ j 1 g’nn.ViA Aj3a~i .j^xj AjIVI a ^a-xV ^ ^IdxluiLj a j j jg ^1' 

.1§J AajXBI ajjLxISI (Platforms) 
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L£yli3l ^k <Lg^Vuaug 1I <L^alo]l ^ jlij (jl c > 

j^)^,)<g!I jlixJ! ^»l«lijjajl ^JJAaIx-aI! ^JjLI L_Sj^}L3I 

l_iijj1j ■‘L^Lui-q jk jj (Deck) 3^^ 4 jjoijj^) 1I cAjjiLI 

djL-aLoll C_j)!^)LV ^sIj-g c£jL^j XyZ U -0 c^lx-c 

^jlj 4 (JjLoi 13 ^*iLiil! cJ^.V a^^a 96~ '4 

3-aLHl] AAjISII QA £-1*3 6^C- ^3^L^ cJ ^L^all <3j^)ij J 

^Lj . 4_i1axJI AjSI^-cj ^^ic. £^}Lluii] jjkjiiA^j diUjlS cCjI jljA^ 

• Ajl^'^jaI 4_JI A w> ual 4.12 (JSjuaII 



Aa^UWI ^UJI jjjkill 4.12 

^GjJaj aljj! A^jJ^ja 4 _l^.llijVI ^j^LAl 4 ,j.Lajt 11 ^jjj 

aAac. tL£>lill t l£UJI <L> : ( 1 . 12) 4^-b^Jt ^jVI Ja.1 jJI 

VIL ^2l.VijujnUjj ^)j^lajl! A jLgC. .^jojjjII 4 jLc. j ^LgII L_flj^)L3l 

.4_i*-ulaS! <liAI ^ja (Jj^jl-g ^Lji iS^)j > <Q (Jjli aLuiI jj ~-^ A -^ ax> ' 

^ jjrvll jLJaaII ,1a1*Jl . ^)JjLlH 4 _iLgC- ^jC- 4 -gIc* a^)f£s (5.12) JLLI ^ 3-a* j 

3^31 JLg) 4^-juOJj CjLgJ^V J : U*illl ^ jIa^q) <Jjljj iJ-gIjC. D^C. 

jIjjc.VI (JJaJ L.U u' C—I^j . ( Q\y xifi)l 1 jjSjj Jio) AjIjj C_fl j^)L j 

. LA^till a^^j^a ^j^Lj ajLc. J^ii 3 -gI^*JI a 4 a ^ 



Cell-Line screening 



t£lill Li iL> 1 . 4.12 



^)k JI a Ij^ti Li (jjai^J >1n jA Lili!! Ljln's <L^)C. ^j-G (. q.^11 

^L-IiLgII L _^L^ ^jjj Ljou q ^*-^ ^L^-g 

(In-house ^oiLI s j _^.jLI Ij^L^JI cijl n^x> L! 3^ ^^4 ^ jLc. 

(Culture cA^jjll <> J ^cell libraries) 

t^lSj Jlo iAiix-G CjLg jL-g ^c.1 Jk ^hv'nJ ( j£gj tcdli J] iaLja] .collection) 

S^LSI IgJ Livli L _^Lk j*s tin! i A.jjJa jV 1 Clal^LoH ^-g J-gIxIL 
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till j (Jj A^ll j . AAixa V]Ij£^)a t Lillj jl 4 AAjjsa Aj^i^^aj^ CllV 

# L^jLac.Ij A-ixjjUI <ja ^aIaj A^.1 j^Lk ^ja Lil£ SAjA^. L£)Lk Jajjjvs An AY^a] 

.(Bioprospecting) ^ ^nVu\l ^dk^Aj Ul6 Aijiall gaa ^1 jLkj 

<L^)iJI Aj1aC< ^9 tg_^.l .J*^] (j^*A -lajk^s AAC- (jli 4 LaIaII ^jC- ^}kdl 

AjIjA Vll A^.1 <Ujlg.Il aIac.^1 oAA j] SAC. Jl ViIjjaC. ^jjj ^jIjjj A_J 

aJ (_JaIc. tdLi&j . _jjj)kMl A_i1aC. ^ja JjVI &A& AjjoUJ^)]! 

JjjaA]l ^jjAAill j! (Ja ^C.^}]l ^ka • AaxuLia (Jjl V gIa! ^-iilajjj jLilkl j A_ia&VI 

jdft^VluUI A j\j\V A_U3A U?\ (jl V] 4A_1 ^.^)a]I oAA ^ LiujLuj! (jjfL V (JjSlIaII ^ jVi^W 
l_£)Lk k^. (JS1 A_^jJa! j A_nluj jl ini ~V AjLVjujI ^JaxA (jl j cAju^joj <jl c . vnj 

. < \ J <Q*1 ^\ S 

Ia Idle- ^Jbdl Ak^)k AAxJI lAA £a (JaIxj]I (J^Y 

Jaj)J^a^ JaISHj A V^aaII ^ j^)Va! 1 ^ A^k^ll ^)Li*JI ^jlka AjL^)k ^AVjujJ 

^aJJ Ia£ (Jsl 0jllliil (j^£j) A_VLill CjIa jIxaII (_£jJjaa (jj . I^aJJSJj Ij^LiJ! 

6jAi£ A_iaAI I A ^jjfL V (aa^. JSjaj j^)*a JAC- A-iujAiA Aajj l g jlc. 

. Aj1aC> ^ja aI^jaII &AA ^ 




L-fljjiall AA^jj JJ 1 J LvLLlI JaA ^-IajjV Ao^IojVI AaIIc- AaIaxJ AaIc- Sjlaj : 5. 1 2 jLyJI 



d!3 djj^JI dbLd* qa kc . <^a (Polyketides) dll£ ^2 jJl 

d3a ^j-c <!j-cVI (J-k-ia3l . Ajj^^ball ^ <q*n^\I s-Lid^l -Id 4^xi AjjIaA 

d3a LlJ-d 6^)3 j1a1I Aj^j^JI dl^Ld-a ^ha a . ^joliLq I ^A j>a^a\I 

(Streptomyces sp) g4 >>' -UajJ jt a^u* ^ Ac. ja^JI 

^^3 4_lx_ijk ^^lill A3^lxll d!3 Ajkidll Ajjj^5Llo]I 12/ldll Jajk'Vj 

Jajk^ (j-a 4 ^)J^ki]l ^)a ^JjVl aI^^aJI .Aj^ill 

-Id AJUti dll 3 4 -IiIjjS ^ ^ill g- jj <jA 4 Aj j±^. dl ^luix ^ <^331 4 j j 2I Li^LiJI 

d^JLA ,k,A.uj ^3 d33 du JajkAll d3a ^ja (JS — Aj^C* ^)a AdJj^jfLlA 

46^)j» ajc^I ^a AJjLuj ^^I^a _jl (Agar) ^Ic-VI (J^Likl ^^ic- kj 4 Ljjl^..)5i> 

Lljj^ lAdA ^dll ^^jJI Ll^dl! -k j)k,A -lid3 (j^AJ .^1) 5.12 (JSdllj ^jdjA Ia£j 

kriby — Bauer l&* jl?>VI ^ j^idVI <j-aai ^VuAj AJd AJl*i 13 

. (_^j).l'5k]| jLdAll J A.^.l.U (JjAajja (_£^g_^»A ^dll ^1 q (^)jjULi dj"\ 

Cell-line enhancement L£UJI Ll 2.4.12 

6-iC.I jll Ll^ldSI -kjkA <^a jliikl 4 Aj]jVI *Uj^)*JI Ak^)A du 

(j^AJ .Li^ldll JaA ^jjjoid ^A j ^)Jj)k.iII Aj 1 a,C> ^ja 4 jllMI Ak^)kSI ^^3 I^aI^VuhV 
^jdjA Ia£) AallkA Ajll^^. AjjJ^. dLuSj ^alddJ AkjA3l o3a 

(J£jjo11j jAiaj-a ^A Ia£ j 4 Aj^) 2I LailrLlI -kjkA *U ( ^JJi-oldll J £jl ^)ll 

fijlc.jj (Cloning) AjjKlI <Jja dldij ijic. ^l,^Vu J (jS-oj .(2 5.12 

4 -l?. jJI jjkill j 4 ^^! jaII jAk ill j (Recombination) kldjVI 

Ll^ldll Jajk^ ^yc« 6^)3 j1a]I Ailjjll dLa^kAll djl^ I3J . ^ <djV I ^)Luia 1 I 4 aai.ViA j 
^jl j^uixJI ^jjikJI ^al^Vutil ^^A aIj.-IiII <aj^)la]l ^jli 4^323 o^C-l^ll 

AjVqill jki^.1 AdtJ .AjjUajSII (JaI jjtll jl 4 Aj-^.j.^1^1 jj3 AjuiVI Li^^dll 
a 1 La*jjojI (J^aj ^I^a ^ JUI-aII (Jj u>i .^Cjjj^jAaII aII^JI ^ilSVI 

<kj-o j!)Lk A xaTi ^aJ iS^ ^j-a V jl (_5 g, bl<^a 

d^. (JSLulI d L ^^3 6^)A.lX*lj <^Laijjjail ^aJJ 4^113 dtJj .AJj^)iJI 
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visual! Ajllxilt (jjmVl alii j Jjt_] (j£asJ -E. Colt (Jjas 



o-llc. 4iL^)la]l o^J (jSuaJ ^jjll A -s mYnaAl LiaLiJI Ja j?ts j-isL) .4_a. jaJI 

i_ia.!j]| L£>LiJI ia^iaaJ ojjj£JI jljlc-VI i—UaaUj iiiili] 



. ldh.il LaA ^W^ui'i La 121c j^LloII ^ .a^t^ll ^jLixJI A,J*lVl ^jli 2 g .all 3*1 



2 :3j 3^. 3lda-a ^Idl 2.12 jUaVt 

aAj^)*JI a1^.^)-q JXk i*‘ U/r\ x'ii ^^2lj 6^l2k A-iLlii dl^Jal ^21 L£>LaJI Jajla^ 

jA La£j CAjjjVI 3lda^a (J^V dlLdLSI ^j-a Ac ^1 A_i]jVI 

cillij <Ldl3 Aj^)j^)da U-3^ (j.J^'^Sl A_l^^)-a (jj *(2 Ala.^)2lj 5.12 

^ij Ajjoij j)) VI 3ldaVl (_paih_La dll 3^ o3lc ^-ft-ill A iilaj Aj^) 21 Li^ldJl Jaj)lrs 

AjtdVI ^al. WiL jdlaill Jla tA J- iUjjI dll_i2j ^Wu/i La l_2lc .Ajj^VI Ai&JI 

^1 jj^l j Streptomyces — SI <ja ajj^VI dibldaVI ^-Idj ju^yl tA_i^iiiil 

diLiLoc. ^3 S_jj)}-i i-o dil j‘iVi ^1 ,i Wl Vl.^ ^j£-<la] 1 <jl Laic. .Ai£)LxJI dil3 (_£^dV! 
<■*' i-a.l Wl .^_£ jj VI ^juVill dll^jLuia ^^3 dllisdll j Ajjad^) dlLoJ^jl Vij di 

AjjJajL/1 A ^i.Vig 11 dLo^djjoil j dlLoJ^VI Ajj-aj-k-sad V ^3 Aja. ^-21 _jj>la*ill A j'iVi 

.jrjiLJI ^^ij V jA^a J A_j.1at‘lll ^pLk^a-a ^ S'l^Sl <* iljjhil 3l_a_ll^ 3 j, 1 Vil 

^nij Jtllljj i^aJ^jVl A-u-ajj-ad dll ) Wi\l o3A ^3 Wil <j^oj ^^Ac & jvlc 

A-ojlLoil dlLlll Ljl V' 1 S3 j 3^. Ajjd^. dll^Lda-o ^g-lc (J jj-saVl (_£ jj VI 3lda-2l (J£di 

.A m xill Ljj^Jl Ia la'i ^1 



^IjU qJ\\ * ti 6 jj-fc^Sl Ij^LdSI Ja 33c ^jli 6 Aiadjuj-all A jVq ill ^j£j 1 xi 
Ja^ladil o3A ^j-o (J£ ^a^3 j Ac-1^)^ pl^aJ (JdaSVl t^^)dl S^-a 

dll (JSla *aJS dll v^aixi ^l^Vnuljj ^ j^Vxill ^ x>-s ^ 11 ^jLL-a ^I.^Vnulj 

^Jc. ^jldj ^1 A-^ii^aSl ^3 Jj JS jlc.1 (jLflal Jc Aj-aLill &3^)Lall 

(J-a*dajj .^U A.aLiui Jl Ajoi^d o3-ai 30 — 25°C A^.j3j q daV c^C^jJI JaxoJI 

L^dil A i"i<;^l A_lo 3^) c dll ^ad^uH Lie'll j ^3ll 4 JVI J)1 g > 11 

^_Lo^. (jjj ^ j^)Vxill ^a^LaJI ^jLiscail A_^-id-a ^3 ^)L^VI (jja ^Jc 
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IfiLaJI fajlaik ftlSljl 4_lIxC. (_£ . 4 V'^ ^ ^ j^ll J^l^jx 

Jiix 4 (In-situ analysis) ^ jxll ^ Jjkjll U ^ jUdl jx jjSji 

(Near-infrared ajjjSII *1 jx^JI ^'-ci SjJNl ^ j^ll 4 a ; U^n J w. J 

oa ai fl.iaaJj jl t^jUll ^xxNj ^ lWj cs^' spectroscopy) 

tliijl .(Integrated chromatography) Jxl£ix ^jl jja^ Nc. axS*x 
- (jx CllljjJll L^C-LjaaN LsNifl Jajfa-w jj ■ >» a ' 

Process optimization AaLadl (J ^1\ tijjlall jjjsj 3.4.12 

Lx SjL C. j (LskLljj LlNiJI fa j; t-t-. /_jx Ji, W x Jl-iC. ^xaxi-xj LxlLa. 

Jid! AjA^j ^Aj iA-lllj]! 41 ^^}aII Iajj 10 5 (j;J4 

aAgJ <j>-aLiJI L_alAbVI (jj .-3aj>3*Wll aAb (jA Jra^ ^ j)‘ua 1I (jj^£jj javII 

A:A^j L&-aVI c * n^^jill AiAaA |lj I (JajoA ^jJjJaLill j)A aI^^aI! 

caIAa*J Saw a AJL^Ia <Aj1.w**umI ^ jVia\I (jj^£jj ^Aill 4 j\a* \ 4_i£^aJI ^jjjIxaI! 
6<C.^)jAl] ^Ajfoj^)AlgJl ^3^)1] ^ T\aW L_Aj^)la]l Jllabjj (JiA 4 £joj ^aII ^llilVI 

(Ajljq>ljS\l (j! .4_X^aLk]l <jA*j]l (AjLiaAjl JJjojI J 6 L_ljlill (j-fo 1 (_£jJjAAJ 46jl^pJI 

^jujjJ 4 )\a« ' 4_i3l£ dlLo ^I xa ^i3jj C^V aI^JaII a^A ^3 A-LujLojI (j^£j 4 jLi3.a]I 

CIl^Ic-IAa ^lAaAjaili A$£IA11 j L_ljLaAll 6 1 a 6<jAilSi3l <11^. ^3 

IaI . I^il 20 j 1 (j^ Aia. cJ^-uaj 43 j^ptAj (JaI£JIj s jg y 

(Ja*j S j> <3 jWa CLl^Ic-IL* ^Ia^A-uiI (JjJaAi3 c^tijVI A-illc* ^3 

.^jljdllj 

(j^j^SlI x^a a j)A jjjSJI j a*JI (jli t^Aill diLoal^p ^Jj AjjouIIj IaI 

(jl (j^Ad C5"^ L)^ (^-^^ (_£Aa1I j 4 Ia^)I rWl (j^Ad (.^^ (j^ jjlill J 

^aJ Al]j .1 C(_^^)^.l S^)A C(j^fLljuJ 4-1 j)U3aII L-J^)IajII (jl ^ iaj 6 1 A^ lA (j£l 

^Jj AjlLuG C0aI^)J dijjia 4 (J\ja!I (Jaiwj cL_ijL^Hil ^jAA^till (JjLoi j jjjiaj 

(jA (illij ilAjl^aJ <■ t Wj ^^jJI L_JjLaall (JJ 3 J ^j c. i AjjI x^a^kl (j^Ja 

Cll^-AUtAlIj dl3^1l ^^3 JaI^*JI jjA ^1-*^ 1 ^-^.Iajoi (J^l^i 
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A \\x a (^ya,ir\ aai.3 ^ ^jl 0-ol^fSI ^-ajJa 0jljjll a^I^VI 

Ajj 2£]I .— jjl Vi\l ^3 1 g \frlali ^Sii La ojlc. ( _ 5 Ll! t A_ia j j3adl (J-al_j*JI (jJJ 
jj£l Jj (jAj (Jc-laill t _ 5 ic. JliLa .ojas (J^ ^ iaa j J^lc. jj*j LS ic- IajLuc.1 
A L , Lii jl .Anall ^liil A_lLaC- ^3 (jja. 3j2i]l 3 j-jL-a^o 

.(6.12) JLLLL ^b^a Streptomyces clavuligerus 




jjlafia jj£l jal ^yilail lJjjIsJI JjJ^j A-ilaC ^ L-ljlaall CijJa, aa - ■ <3a A w~, ,.l :6.12 JSaaill 
■Streptomyces clavuligerus Lkialja Aajaa. Jlaia ^lail Lilac, ^a^jjalll j £ ja jU! 

j 1 • <3 a) Jjj* "jL " Jwa jaSIja i AC Jalia ( C p ) AajaaJI jluaa jaija sjlaj ^ la * j^Jaj 

• (■M*a» jA^a iPES) L>^all JjS (j nUuaa j (<^ajaj£ 

(jjjadl ^ (jji. , jjjUI j Cilajluu (jjJ AjjUI A35UJI Cilia jJa j^Jaa 

:£)a Last jaa JSaail » iaai a|) . ^jaaJI jl.a3.alS JlaVI ^laiiU 

E.S. Gouveia, A. Baptista - Beto, A. C. Badino, Jr., and C. O. Hokka, 
“Optimisation of Medium Composition for Clavulanic Acid Production by 
Streptomyces Clavuligerus.” Biotechnology Letters, vol. 23 (2001), pp. 157- 
161. 
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Scale - up 



4.4.12 



jj 4 iUc . ts ic. (Ja*j < . u l > i ... i . 'ft Aijjia ja (Scale-up) 

ojLjj a Ac. -Cilac. (Jaxuj IgJui 4_iLaC- 

Jl (jA 1000 - 1 ) c 5 ^J t Ix-a-oJ! jl ^irv 3 l l^JlulA 

. A J)\Ha^\ ClAj-G 6^C- Ig (Ja^J t AjXj Iwalll CjljjjjaLAll 



AilSll ^ \ Uti) AJlxJ! (jS-aj V AiL^)jaII fijlA Jj-q <jj 

^jl J£j AJajj^Alt JLaxJI Jajuj^l] a_JL*JI 

. ill 4 _iLaC« ^judLuil ^ 3 ^ C 5 ^ 6 *^ ^\-U)f\ 



3 AI^jaII :AjA^ Ajj^ Jluxa ^UjI : 3. 1 2 jUaVl 

diLix-sal ^ aj j ^ ^clii-G Ij^ld <juj A iAj j>*n -Ixj 

LaSj t j^ill ^-flj^lall Aj.wM 100 ml a^j« Clalilj)^ ^Vuti'i 

dlljLja-a ^tijj .^3 4_L^.^A]!j 5 12 cJ^x’Iillj ^uJayA 

A-jjlJ^ll <1 j£ 1] ^-<ull (J^xaI 1>J -litiiS 

a^Xc- .A Wu*ia ^-<a_i]l (_£-1 a ^al ,lVu*)lj cilljj Aj^j$\ ojLoll^ 

tils (jV <d iS^ll j) Ua\ 1 ^A-llI (_£-1 a (jS<Q) 

<9j]jj (Jda3l ^.liljl ^A . dl3_jll ^jlj^^j Lq I Jjb (jj n\*Q* 11 

jjJjSll o.viae a ^)jL-£a-«a . Aj.IjmU AiL^la (Jj-iaSlj (j^ J_J-^ J ^jJL-sxa] 

Wtt A ^A LS^” 6^)31 J)V^ (JjtuJ (J±A j 

c-^W.SS ^aJJ * 13 ^* ^ jjIaII ^jl V] C£^JaJ l^_i3 ^j! ^j-o LT^J • ^ ‘‘■^ i .)'^_) 

C-Ijj! j A-j.latMl ^Jaj Ajl.ax 11 ^)J^iaj ^j-o 4 _L^.^a]I oJA ^3 
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Summary 



A^L1\ 5.12 



4_i1ax] AjjU-aliSVI J^)iuaLiA]! ^jj 

^lj^\ L-flLuJj£V I (jjj filial! ^l,2kj.\.\ ^jojLujI £.^-uJ ^A 

Axj) ^ jjIaII <i^,^)A J ^1 41^.^}a]I^ Lj^I^, (Jlx3 JlJ-1^. L_j£^)a] 

6 ^ J*J (JIaC« (J£jo 1 ^^ic- C A *UaMI 4^^)jaJI ^pL-^A J^)juIa] 1 ^Vunj t ^4 4 -L^^}a]I 
.Aj^aa S^)j 3 ^)a-^3l 6 iA (j^£j (jl (JjJafiVI (3^ "S^'J . I^LjjI ^ 3-ajt j V 



^j-c ^)jj£ -i-iC- l\Wn ^ jC.1 \a^W ^)J^Jaj j! ^jJaljl! <ja 



A*kJ JUi i i j^Jall A ng'ij f-Ulijl j kj^iil lALdll Jbj))-)^. aJLjE. (_p3^)*J ^-J jl Vill 

( _$\ (jli I^-JJ ."c>~)±& ^\ -n^>Ljj <11x3 j ka^s>lj £- j j A_iLaC. a > .-i"’ j Jjiu lAld 

(j^ (JlHjm i_Jjldj]l o2& el 4-1 j|U*i<all dl3 ^j]l (Jl ^)!i^.l ^Jc. (J' a *j Ajjj^ia 



A_lllc. dll iViMI ^l.’l-s'nnl (jl .A ]lo»U Aj-s ] ^Jl AjLlill (jx Aj jl Vill ^Jgl •*> -all 

id (3 jll (Jlj!l^.l ^^ic. (Ja*- 1 ^ j jll A jCc. jJ^Lal 3 J 2 J 1 (J^l j-all ^3 A-iaJlliVI 

id^d^ (d* 0 -1 j jj Jdfj j tAjLaaJI (jC. Aj3l£ djLajl*-a ^—ic. (Jjt.o-s\l (j^)»."ua.all 

. jjj£i lA“ 0 Cdd^? 1 ^' 
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Introduction 



1.13 



CjljLaJl Jililiujl AjUjjl! 

Axl u^a IjlA ^^3 . Ia^X 4_xl *u*a 

j g x^-> ill AjLoa ) AljaiLill ajISjII — U )_5>^ ^ AJ«ij aLq 

^A Laj — ^aIUI jpJubcAl (> — A >U*Qj ^ALaJJ 4 _LqI£Lg dA£^}Jul 

-o C5^ A^j^jjolaIIj Aj^)' Vi It djliiilaj]! JJuSj VoALolaII 

. i^jUSJI I Aa 



CS^ Vjl (jJ^jujxll (j-o LljLmxjjuJI ^C- ^3 Ac. I iju^i.11 &Aa dj^Ja 

. > 

AjjLsjj Ajj£L9 ^>3jj (j}J^>la (j 4 ' ‘■"'^'5 .uSd^y^l a. Wi.aH diL;Y_jH 

15a ^2 LiSJlA . Liuil J UjjjI i^Aj_j3 4 _i]LujJ^) <iij 

f.lnj 1,1 (n»i )'<; I jl ^V'Wi Laj t 4W "l Vi LaJ Lml i»W iiljliaC.) y&i (Ji^>qll 

.r-lsJu IajjJjj AjIsj '^Sjjji 
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JjLal Wmil LiUI ( jA La 2.13 

What is biotechnology used for? 

‘La.w'nnall Luo c_jLaM lias a^^LcS, 

JjliaJj tig >>i » \ i— lilt »il i_$ jq'nu i\ tAjjJsJI 

The applications: medicine uJaJl j :^U.nkiUl 1.2.13 

(J 4jlsu]l ^ dll jl a?\\u jV I jA ^-A £ j^. 4_1^. jJ ^aJ 

£-1 ji^VI djl*l jj jl L_Ajjjla]I jA .&»ll«la. 4_ljjl L_flLij£l j^j dllAlljj i A. Jj^j^all 
A \ \x a 4_nAj SjAiJj aJIc^ jtxjuAj Lu 2 L 2 x JIjl3 s-IjJ £_ij jl»AjJa] AdjjlS A_iIa^. j3jj 
£JJj <C-U,x^a j)A jAjll jA^j jJj^VI £-id ^All c^'ljli.VI lAIA 6$.l JJ IaJJ^J 

AjIa^AI 6 jAa ^gVn IaIL^. j£J j jl ^UasIAa jIxjaIj &\ j^ll IAa 

JtULj 4^lc« ^ jAAa <^Ac. £-lix-^J jI£aVLj C^ljA^VI J 

CjIjjS V l^Aj .A ;\t^>V' A -sTmII ^Ljlj diL* j a 4x- j-uij j j jA Jujjuj 

tLalc. 20 ^^Ac. .lljj V -AAj SjAa ^ x^a^li *Ajl^-j V La J) ^Ijli.VI dlUljJ AAj 

(JjxAajjI !Aj l.l£Jj .Aj-uj 17 jA o-I^JjaII dlLiV jJl 1-gA J-1 ^-a]I jAjil u' Laic- 

jo ^ jAIaII ^jLk-a ^aVi L_fljjuj £-1 jA^VI Sc-I JJ j\A 15 s-lj-AI jJjlaA 

^Ax-aVI ^jILaII ^^Ad jl c^, **J IAAj .JaSfi Aj^Ljaj dlljjjaj jaa^. fi AaI <ja3LiaJ! 

.Iijj jl£ I A] (lAJA jA (Jfll dlljjjaj jaa^. ^ljA^.1 *lj^II 

^ljA^.1 j| ^jLauSI jjA l.^£Jj A : i2kJjJ ^AtAbj Aa^A dll 3 4_ljA 

A-ijV ^Jj^all djl£ jxill ja Jj.^ar \\ Aj jl “\"\W Ajadl jluj^U A a^ a 5JLuia ^A o.'lji W ^Jj^I 

cjc- <jjSlall (Super-companies) SjUaJ djl£jdll j] AiiiaJLj .Sj^l 
Glaxo Smith Klein ^j^ tldaaj 1 ^ x >a » \ ^a dil£jjjj Sjic. ^aj (j^ji* 
c JiaU^ ^ J£ sjj^ <jji ^ jkj jl c_j^j Astrazeneca <£j^ j 

^ tidal JA A jjd J . 1 g Ag XAll ^^AaL^. 6-iLtJUJ 4 ^^ja31jj1I L^JlSjA tK‘4^ 

cJLujj£I ^ *ij lAal (J j^. joill j tAjjjliAl <C.Llx^all CjLuSj J j^, c > IAa 

jjSI jj .^.IjAII L-ALuHSI lU*-5I i£ l. Vv5 IjA J^a,^k I ujj I^A J .A-ij^VI 
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tillli^s .(1.13) AA»dajAl! aLjUI ^a tillL ^3 Ic^Liil (jjlall 
c> j (Molecular target) ^ jaJl (j^jA IfjlLaU t^Li&VI ciUS 

djljjj jjjII ^Ic. j 4 (Genomics) ^j.n.>Il ^Ic. cjVL^a ^k cjLusj 

(X-ray A*2iVl f\mAi j ^(Proteomics) 

u] .(Computational design) ^LajJ ^axAIII j crystallography) 

AjIaC- til 1L ^xj IjjJ .La (jlajA ^^3 AillxS <1 ^jjja. j)Li£ jA c_iji]aAll t. fl.^g.ll 

j j . ci^gJI till L dll jjjL £a (JaI Juj j ) x xs? ^^jj ja. l_i£ ja jIajI jl Ail jll t_iLijSV I 
£ I jC 1 3 (j£* j)A LqA | ,1a. I J (jj t“ 4 Lillc« j) jfLi All ax II 6 La ^^3 uaH t_J jLaV I 

aIaja Jjb-aJ t_fljja) AjjjjjoJI t-jjl 2 Ci.il Ji3 Ia aIaja ^Jj I jh-aj 1 qjn^A 

(jSL)u.i djj j ,33 jJjlalll L_Lill£i jl^ 4 aISjoiaII 6 La ^Jj A3l_daj . jjoJI jjj UaV I 

(jialjAVI dlVI-^j SCCjujjaII AiAjlaii.il Clllj.Ua.lA 11 t * in*n jjaYI 33x11 (Jjl_A (^jju 
<LujIj 31 (Tuflts) (jdiSlj j^ja! AjaIj3 .Aillxll t_fll JJJjulV I dlV 3xaj SAflx A.ll 

^jjjIa 231 l^jLaj 1987 ^k c.lj3ll jjjUi Ail£ J3 xa jl£ 4AjjcVI jjjUjj 
802 <d klliill dl»L 2001 ^al-C' ^3 Auj|j3ll (Jj 3J £.ljA,j 3iC-j . ^5 LijaI jVjC 
a3ljjl! gLa jliiC'VI (jJ*J (^Lall da ill 3 aI jl ^jaj 4^^SLijAl jVjC ^jJa 
J j3a1L A^jJa ja Ajj 3VI dilil dii^l 0 aI jj! AjA.LjAjll L-Lill^jll jj .aLIa dill jV 
Ac.Lix^all J cr^ (Risk return profile) jULLaII 3jIc. Sjj^ jlj 4(1.13) 

. Jaxj V e-Liuil IgJA ^jjj ^jJI 4 jJjlaUlj Clt2kJ.ll ^^ic. AUUa VI jaI ciill AjjV 3-b^all 

^^lj Sjjj£ ^JLia dCxILoiA dA£jdll 6CA Ll$^1 (jl (JaAAaII j)A (j^Us till cil 

(Jaxj djLuSj jl AjaIc. CIjLa jIxaj ^AAjjjj 1 g v^aj ^^Illl AijjaJI AjUjII CLA^jjI 

.(Li^)lall ^3 di JJ>UI ^)JaAll jjA (JUl Ic^Jj) ^3 ^)a11j AS^jxaII jjJjai^J • 

. Ai^)J^)jalll U^.I^a1I ^3 jl ^JJj))-l*lH jl t_flLaljSVI (^3 AjIaxII 6^.li£ jjA fijLlj • 

.fijlc.1 cIiVL^aII ^k Aijaislii 2^jli ^IL&J • 

^jj>Ja‘iH ^lj ^-ujLjjVI (_5 jJr^.ll ^.lUll di^jll j)A l_$S±n ^)aJ-uia JaLij Alj 

I La l flx^WiA ^3 ajjja.1I ajISjIIj ^IjUI t — alcLiSI Ac-1 u^a (jjj 4^.ljcll ^ jL 2 Ci.ll 
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^ J a\ •>>. A \ \ A CdCol Cl^^jjall (j ^>» ) Ji ljl£j_j .ilCll 

^ya lAjaaC (jSusJ Vj iLaLaj aJLq\ ^" l a (_£^J ClSijji (jjo (jaa. ts^i tAaaaCl^VI 

jl Cl J^-a Jjlij JsluJI ^^2 Jj (_£^>al Cl^jjoi lillljAj .’i^yCaall 4 jj. 2JI Cl£jaa: 
AjaLcVI f.Li-ajSJI jl i(Genomics) ^j'uJ' J. JiLa a >^>1 a aJj cCc. 
(Molecular JjjJ' ,»^cill cUlIi J ^Combinatorial Chemistry) 
Jj jA.:u,iJ i JLc2i (illj Jl Ailcl .design technology) 

oiiA Cl j. 2 a. a_iajJ jjj*j Jc- cl£ JJI Ja*J tAiKlI (Jl jaalj j&\ CLaLaj 

(_g,\ll?lll jjJalill jlajl 4(JllLall J„' ' ■ i' Jlc. . (_£^)C. iJ^Cjj d JaaJI 



.(1.13 Jliil) cLi&yi (> *>£ (2.13 JLill) 




£yt A j Unit ^jaJ i) .fljill i ALuoSI Aalaad JlaJI JjJjaal! ‘ »' < id jC :1.13 j£d 

(jaaj tAulj^l (Jjtalt AkCjj < ‘ 31 (jaaJI < iLidb AaiaaJI ?C . ((jjCI J) jLuuIl 
Jwa ji Ladi dil -u£ a Jwa CiLjla aCI Jwa CiLla Ac. j a-s. a Cjj *-a . ( »' tiiaSI 
Jfr l^CLli (jjjJLii CjCCI jl jC (j^aaC .ASjCt J*afr jjjlli Jila, At .vl.ll ajbjLtaCSI 

t ^CVI AaJlfr ca a > A -. , „y Jjl <j^a2 fljal Ca^JI j qjjjjjM J*afr ( j, 11 aC UUai) Ja 
alaLSja ,_jA AaCJI .AjjiaJl CjUa^SI OjjAxj jjS) ^Ij ^aa2 CLa A sjlfr 

. AjJV la*0 l^ajLaaa jLad C_j 1( jiajC dua AjjjaCa alaUljaa -I C j jjjC AalC 
. jCjaaJI f-\ A^ajaail AuJall ^LCI AJaCjJ lAjajaj ,C o jjjC tilliA CIS lalj 



508 



AjjjaJI AjliuSl CilSjJj jjc :AjjjaJI AjliiSl CilSjJil AjjILj ^lijl : 1 . 1 3 Jj-isJl 
22xj 4JjIL> (R&D) jjjialSlj dta..>ll Ciliijj 1^x2 ^jjLalxJI j JjaSI t aU^x ^ 

Jj-lll i2A jlLui 


t^sfl £4«fl 

Jja, ,t< 

i J JdJ^'j 
4 JISj3I JIax 
AjjxaJI 

(jJJi ujM 


tjJSS JJ*1I 
Oj A 


J2£> 

Ajliill 

AjjjaJI 

(1998) 


(jlLuJ) JJC. 

(ujA^W) 

lou jla 
Cjljjj* > tail 


4>ll 


8268 


140.000 


127.4 


260.5 


S.W’ldl 


r 

1910 -< 

V 


r 

39.000 J 

V. 


245 


57.6 


oAVldl A^lxidl 


165 


80.9 


\aJ 


141 


57.6 


Lxjja 


85 


8.7 


Aj JjoJI 


400 


175.3 


LjjjjI A_dj 

J jAII j 

A_i3ljAj£jaiV 1 



CjI jaI£ (Medical diagnostics) a aI j-JI ^Vn;i 

^3 Ia^. AAliV-a A-afLuaLiaA Al^dl oA^Jj . A a\"i J s a \\ c — ^)ia^)-dl 

i -HW g.ljA 1 — fllddSI jaI^VI ^ic> 4_jjju-a]l (j-a3 lA^)J^Jaj 

^jja^dl oAja^. ^ A'n (Marker) A-d^lc. lJjLoij^I a_i!ac. ^jl 

. (JLg J] ^1*1 Vi V CIjVL^JI AjAsJ! ^aJ aJ_^_uj ^A g. \ ^ V 1 j 

a£ jj j^o 1 g \* ^ ^3 ^A Anil aI ^-a e^)LVjj (Jjjj-ujj ^3 alK dl A j x (Jd^xJI (j] 

A-ljtfLd ^k <^A ^Tidl aJUJI j (£xulj JlAu Ig-clAVLd (j£-aj Vij^.i AJaJjaiJj 
Ail^Vd • 'i ^- a ijxnSj J.lA.’iiiil ^jl A^.LaJI ^aVn l'i^i 4j£jjLg jJjI CjlllSLo 4_lajjl y) 
ilijl (Jxaliuii 22 4 i . i-s. ,’"iN jljxll J.Ww.il (jc. AlujUll gjlliSI (jl La42 j tiillj ^1 
4jxjJil2l CjUaLxll (_)j 3 (jx jljxll £>2A ^Jc. (jl 4_L^jJJ Ajl VJ t Ax,g.x *— jtjIjS 

lS Ao j Uj . , n ciilS^iill (jx ^LIS 1 22 c. (jli cAlil A ^f'' -aAe- Aic-jj dili <jjSj (jl j 

c^jjjillj jjjxiill « jj; 5 CiULila cjlSjjiil! a2A i2Uxj j 1.4 ,-.'A 2 I jxll Ac-lu^-a 
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iLa jjVI £a I^aI^JjojV Aa^a^-s 4 jt^jA wiMl -l! jaII ^ ^jlc-j 

u . ClAj^aj^q'l (Ja £joiI j (_£-1a £.l-l! cs^ j t Ig-uflj Cjl£>^)jajl 1 g Vni ^1 a3I 

L^aLau£l JilA. <ja JjjjoJI 11a ^^3 ^».13 £^Ja ja -laj (j! ^jlVn*n IgjU o^)ja,Aio\l dAS^juJI 

- 4 r. > \ a j ^.A^aA^iaVu CiA n 1 ~v j ^LlujV 



I jiA ^iij -13 ^ ji'nrdl djLo^Lt-o ^1-lAlLoil Jjj^la ^jc« ALa SJ uj 

Ajjuai^jujlill (j-gajpkdl ^ 5 -lc« ' ^ I 4-fl-l.fllLuil Ajj.iV! (jA •^3 A ^ (j!j V t JaVI 

— <-_fl-l!jj l.g.j.\,C» (jUaj Sj^3^ 1 *_a £^Ijj C5^^5 ^Vl lj^a.j,x*a.A dljjla LS^ 

ptj^lt - ^ojau^l S-iLd! aLI^j ikb . 13 j .(RXDX tandem - RxDx 

AjLiia. AjL^Jjoj! JaAJ jIj1A.!j ^ j ii^. jlilc-Vl-J AaL£Lola]I 

4,jiajA]l <ja AjISj]! A_i^lj £y* 3ol .A^JIxaI! Ai^)Ja -ll a‘\c- 1 I .Ii^a*.) (Jjxa (J^jaI 

t A \\x a (_pal^)Alj AjL-aVI ^)JaA ^3 S-lLij jAiaJ Aja^jAaaiiII -IIjaII ^jli 

(Jj 3 dll jii-d Ajj-lVI-J A^JUaII j b\ J'nII JaAJ jja’n ^ajolI Iaa 6^1ja L-ll&ll (jial jaLS 
.13 Au^jAaai'I -ll jaII ^»l-lAjjail (jj . 1 g "ic- C-_La£]l (j^AJ (jla I^C-I (_^l jjg 3a 
jl L_ll3 (jja^}AJ AjL-aVI ^3] (j^ajJtA t^ljlj i**u«aA >m IjJ :Aj£)LA.I ^.^.1 jj cilHS 

^jjaIj ^Jc- (Jj-a^lLai £_£jj Li (J^-3 6^jia^)A]l (Jjj-a^. Jj3 ^jaIuij jajIAj 3I (jiajA 

.V&Lldl ^ic- (JjIaIj jl 



Ajj^jmuA Jj 3 La 







5^ 

<laaJL ji 'X 



^jV* j^3» 






‘A ^ f 1 >il 



/ i-i-^in-^- s 

■^3— | 4e. 1 1 ■ ^ v T - * 4| jU-. . 






3 



t 



77 



\uijVi 



Aidl -_lU2 

i 



fl*s3» 

^TJL w 



h« 



0 0 0 



£*“■',» JE^®J sAi!l j 






A- 



_A 



^jl\ jLuuil (ja Aj.Ufc,ll lSJ^ .f- 1 Jill jjjiall ^Jjaj .flj^l jjjlaj jtut4 : 2. 13 jLuill 

ijjiS I AjjV.h^all Ljllualjj AjjoaJj Sj3j1!j cAjauJIj uj\ £y l_i£jaJ' j : uAj . ^jaaoII 



510 



(in vitro) ^Lahjll UM^JI jtjIa cjljLlkVI ^l^lml <jl VI t*Lj.uVall CiUI jo^JI ^ L-iiiij 

J^ui ^ic- Jj^a^vll AjjjjajJI l_ijL^HI Aluilui IjJxj ^Lx^lHI .jLjj! J ^ 

.f lji£ ^ jViaII AlSl ^A c. c-iAAa ^.ikluu ljLs ijIjlaII J^Lui 



4*1 jjilj : CjlVulalil 2 . 2.13 

Applications: food and agriculture 

Ailc- ^>11 A_ia&I jli£l Aj aK I Aj^vlill ^ya $.lAill j m j 

(JjA A jj il jjfil A_jaAI CjIa ' a£ il ^jCaljll j^a j tA_ii^>iJI JjaII ^^3 tA -v i-v i,->H 
. Ajj)J*sll AjIaISI CjI£ jl j-o A)A*JI IjJUaj 1 jylLa-all jjjAA j)li dill £-a j .^llxll 
5 ^ 1000 AjAa. $.Iac- £JJ AllSLaj j>3c _jA iCUa ^2 ^ > ii n^)ll i_liuJlj 

1000 J AjAadl frljjll l^-iS j)£LaJ (_gjll Aaj^UI (_yiiij A_la_jIS 

Al j 1 '. j 11 (jjLaiA £■ jda ja a-lAill (jl Lafi .aA^I_jl! ojjjlall 

iAjlc-j . ((j^)Jtau AjAli) (jl £JJ ^llaluL) V i Sjjji (jj*-a j*jai .£Jill (Jfl 

(jV iiAjAi. AjjIaI aI ^a ^lc- (JLall (jx A_i-a£ (jjlii! jjjij Aij» >.->11 (j^ 

l_g Aa.^ 1 (Jj Aill (Jxl j • Ai AaJI j-aii (j^ l^j Alxlail (j^-aJ V (Jl _jU I dll 

aj jj AiK (j^aj diia. 4 (Plant breeding) CiliLili J^ljj ajjjj j& 

jl tjlc. jJUoiij ijjllill (j^ Ida. 'ijjd A_id £ 1 J (JJjla (j 4 ' ®-^- i T w AjjLij aDLoi 
f.LajJ c-ljjl A_llc. j jx-idl (j^-aJ (j^ t(J>.*iVu>i-a\l ^ jT'^ll 

^-l^jiuil (j^-aJ tljjJlAa .((Jsl i—iLic .1 dlljUAa jl ii -A..il ^AaIujI) sAjAaII (Jjj-aLa-all 

^jlLaj (Transgenic) ^^i*iLa jl (Jj^a tJ j > ^>^ ,. a diLu jjjlaj aIK 

(jc. (CjIjV jjlll qa (jjJ^Lall Cilia CjIjCc. aJlKj AjLaC.) Cil J jIaII 

jjlll 0 f. I JjU i^£- I I ^)*-au _jl T*a^ j '. Jjdll (_ 5 lC’ ^ > .A c 

.AijCtaJI CilCixalt JS1 (jjaiiiui 

ilCajt A-aJ3 Cilj jjlSull C A ii?i jjata. >^TiaVI (^lalall Ilk (jl 

A-aifill (jj CiJiA La^ ' g A' miluil jl AliaA CililjOA ^llij (jJjla (jc. Laj 

a - v » ill SjVj Cjaal j ojliiVl ' g •s >>> jj dl ,,'Vi,„VI Ia^I AjjliHl j AjUxll 

Laijj ilgjlj CiJ Ucli (j£i ^1 JjA (jli 1 1997 (»lc. (Dolly) a A. »i nm.aH 
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l^Jj-a Lic.1 n^i Ajiia jl j£aj ^gAI A n?l\l ^dajj ^jgAl LiA^jj JAj dljlA 

y^aya i. inni jjiu> dim yaiuj 2003 ^alc- Aldu ^g2 ^gl dilLa . jllajll jXoailjj 

csjlj jUa > j Sheep Pulmonary Adenomatosis (SPA) <*jIA 

J] 4..u>iiilj l^)£Aa Ali.j jIA IA (jl (j-o ^C-^)ll jjlftj t(_yu jjj 2 4 n>»n 

^gll ^ydl 4ljl dSLiA jA aS\ Vj 4(lg-ljliil La jl <iui 12 Alii (_)’>'g».l jl jSLaj) 

. ^j£luJI dl_^all I A ( g2 I ag a I y j J c_lxl lgA.1 >>il"n«l jl 



l.d AxAj Ac.1 jjll 4_i=>.Lij)/l c " i\ g -s jiill dll j AjaAI A n?'i\l diil£ 

^yaC. ajljj ^gic. (jAj) ^gjlgjll 0 jliil Al >>i.all -duall ^glc. j£jj ClljlSi La-lic. 
^l.'lVnul Adjjllj a I All ^g2 II A iVqill 4_icA_^aill ^yal^ill jyaj . (^j\_lll 

AL-dall A ajdl j_j£j jl jS aj) AAV I “dalLta ( g2 Lliljj A »>i,Vig -all djLajjjVI 

_>a*J I AILV (Transgenic) jg-nAI JL&VI j (AAU. jAI *IA dil$£j jj^ki 

^-_jj ja ^LLaLLLall d 'I 'N jl’lall a A jl dlil£) 4 ~ 1 ~n g all jtdiAl j dgdlil] ^g^jjall 

jj£j jAdjj i— al*Il (Bacterial silage) AjAali djlaldaVlj <(FlavrSavr 

.dAliVI 'iAijl dlV jadl jgi Axil 



(Frankestein jjllALI jl AAI ^gadi gill AAVI a A JA jA. jl 
j id'l i - '1 g -v j diildlj clAUdVIj dioiLiAl diLilaill jx j/'SII di2 J A food) 

jIAll (jjj l^)Jj£ g’nul A-g^Lujj IgiU L^al AVnal 

4j_^ 3 ^ 1 1 ^)V 1 tjlds^l .J * (jjjLill (jAJ 6 CllLa j 






( — fl.\‘.r^.. < Q ^3 (j>a _J . ^^)AU£l1a]| A-laxul^J djI^jAUalil! pljjl L-J^)l y\W 

aC-^)11j i^ J^k t/i ^)3aL^-xi l^i (_>^ J ^Jal ^jl 



1$.^^. (Jj-qj CjU. jV^'I (j-a ^aL^J! j! j>J! a . il£ ctillj (J£ 

^J^n^fc°l ^3 4JHJI (Jj Ini 1 a^liliSI <il£ I )J3T 

^Jix-o jls (j-o ^ jkn.n (Pregnancy test) 

. <. qjUMI c jl >.^ a \\ <. V ^yu^Vi\l a_LJI£j 
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;4_iic.j -4 it* ^jn^Qll Al^ai (Jiiillj (j^aJI AjtiS (j.a ' n ( . la ja. JLaJ o^jjAj lAAj 

. jJjlailL S^yAa. jj£j JL 4 i'll jjj , i 4.Ajfl L 'iu>i'i jjl l^ini 4jjjaJ! 4 jVq'\\I gj| ^j jjli 
dldll a Jc. J < 2 a 2 .lj dUnln'i LaJ 4 jjj^JI 4 n?l\l (jl^J j)L/ La^a iJIAA 
^l.’lVnul _jA JjV I t_J\ -s .all . Aja. (_J£ud 4Aj^)*-aj 4_ajls dlc.1 ~n.nl dlAJilaj LaALl£j 

(Jl -s Jl Lai .JIaJI dl jjdVill J t4-ijg a Jl dLul^il . (Jal JajAlj tdLajjjLM 
Jll 4jjJI CjLU tj* sajas. J J jjJLJ i(Horticulture) <idJI j$i jUI 

jtdJI J.aVn (jl jjSaaJ .4 Yn.i Jl Jla-a J 4„ntL.u Jl dll 3-JadII Aal da n.nl 
Ji£l ^ j~Vl Jl (JjLa Jaai 4 Vj) LaSi t Jjniall dl.j J Jl Jftl dLljluw jAadJ 
LJaa. ^ajj>.na. a jAll (jl _jA l_l Jin Jl (jj . na ;4loVi J jJI ^JadiJ Lm jJSL 
^gi lAjAa-a I -si a ~1 dljVqill oAA dujl AS3 Jn.nla Jl dtiLu Jj 4...1 mi111j Lai .Jaa3 
aLLaJI j)^ a ja£ dxy~ia'nnl dLLJI oAA (jl (j-a ^aC-JI jjc. 4£ai_jJI 

. dljldll (Jjj-alLj 4_ljJ J <d a"nn Jl dll iVa'lll 

^ JL) dlc-lldall : did JaLU 3.2.13 

Applications: other industries 

iSjjJaJI 4 iVJll j)A oAlsiuiL/l (_£jJJ I dleLu-JI (jpa AjAalS jLaJ lldAaa 
die. I n.ntl ^Aadaii (JliLall (Jjfuj J*^ . L^jLlLaC. J dljVaitl oAA dlaAl LaJjj 
dLajjll aJJI J dLajdJI Jabu ^^g^i 4 £joi! J (j£ad 4jjjaJI 4jVq'ill 4 in. naill 
dLajjl d jjJI J 4jjjaJI (J.u.n».SI (jjal ^dluii La£ . JLJI Ia jg ln.a jjn ua'll 
(J]a£ jjjjLUt I Y jnlj jdjjllj 4dai=da ojl^a. dJjAl Jiuistll dl Jc. J 
4 iii-sc. Ajfrl u.n LaS 44 jaLLSI (jja.lm.JI (jaa Jdal jLii Jfr (Jj>^>^»\l 

dl j\.a»\l ^l.'i-s'nul (jas ^(jaaajl JULjj i—ilajl JjAjS 4jjjaJI il jVqill (jjjJI 
dljaaJJI ^A-s'Lin ^g^a 4jVh.,LU11 dlc-Ldall Lai . 4 j^j iK la'll j 4jjLldJI 
(JlLa aI _jJI oAA (jl (j.a J. Jl (Jc- t4j^;g -n .all dUliJI 4 In . .1 4£._jlaaaJI 

(Polyhydroxybutyrate mixture -kK J J Polyhydroxyalkanoates 

^gA Laaa LldalA L/Lajaixul . Lq n. Aa -jAaC- (JjALJI (Ja-aall Jajl - — BlOpOl) 
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- (Xanthan gums) jLul Jl £-LuJ Jla i$j±S}\ AjjaaJI jI _JI Lai 

Aac. 1 n^ill CjLiuisa]! (_ga*J ^3 ^.*1 Vnn"i3 — jCaE. (JaALuAI J.aqll Jail 
A a Li ~'V L Lu3^>jca (J».'L.nj L/j IjAL jjSLl (JLaaCiioiL/l Ia& (JlLa jl VI .A ..tu-oViaII 



A j* J . ^jSIaII j^oil . .n ^ a 1 g >,Vil (Jja. -iaSS AjJJa]l LuLajLtA Lajj j 2 ijjt 31 



J~|-Vlml Jt \ g ~~ll J Vq"i ; iLi» .a J AjjlfajSLil Ac. I Ur-ill aIiLaI Jj lillj J i_liuJI 
^JLilLj t jll i^i all oA& jA AaLaa CAlat . y \ xi ^Jc. jl tAjaaill CllljliJIj ClljjJI 
Jjjl ^Jj aIjaII oAA (Jjjatl jjc. Jaatj Jill Afcl i».oll jj j ilAa. 4 . .~i( ~s j ^£3 
.SjjlallAj o«. jiS> j Ajja Ag.1 1 ■ ,n Clllat.jVl.all jA A^llitA oAjAc- 



IfLlc. jj L^J AjUxJI tAjjoaJI A-jlSllI dilSjj 3.13 
Biotechnology companies, their care and nurturing 

AjjiiJI Ajlaill ale. (Jjjaiil 1 >«oMi<n-s CAaJ AfijCu JjjaJI Ajli£i]l a£jaa 

.A_ia 1*JI 1 g‘iA&l3 A5 sjaa]Ij i Sjkj La (jj . ^ jViaII Ia& £JJj (_£jlatl ^j!La ^Jj 

jA AjjjaJI AjlSSlI ASIjaa (Jjjatl] i_JjiiaA jA La (jjatLUl <i jjl ^^3 JisLii i Sjjoi 

. ^)&AjA (_JjLaJ jjaaa ( Jj Aa] jl A iaIc. o Jt3 

General rules 4-4e J&ljia 1.3.13 



A J -s j ^^aLiII JaJI jJJ .IajJ j)l AjjJaJl AjlaiJ! Clll£jjai Je ( _ i-nj 

.A_uai J ^iltAaji -LiaaaJI C'i1j1a»1I i. lil-s Jj C(_3 jau]I 



Scientific creativity 



£|j#I 



J La jaC- AjjaaJI Ajlilll Clll£jCo j)A oAjAa. a£,jaa t J*JI ji^ij 

-a i 1 < V\ \cl — i W 4 jVq*> v." 4 Li'Vl jl L«j1j 1 1 1 >‘>i ViLLi^l — i sLii£V! Aiat^a 

(jAuijj ^^SLl J jVl <a.jdl jjA ^ic. Jj ^tLCi (jiilLJl U1S Jj • Jlj «. ( _ f Au Jac. 
I dl j Laic. CiaLl ^L II j j£a jl (_g jjj>>ill jA (_jaJj . jVI “LatjCll jA A^jCu 



iLa Aa. Jj tA-ijj^.11 Ajlaill Ax-1 h^ij (Fashions) " dllc. JJ-a" ^^-aLtll C'|^> ill jli 
jjla.JI J^l <Ja SLaI A ii? ill j t."i-\ ill jA Jl -s aII llA jV iClllc^jAall aAA 
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(jl • L * U ulittll ^JLaS! Jjj^JI ^ic- (J j).x.^a.^k 'I 4_i3 J tLuj^-oj 

JjLo! jll S^^jjJallj C Ui.ij\ l^jl Vj cl^-x_illa ^3 d^)JlLq J-oxJI ^a^lxJI 

4^aj.vi\l ^l.lVunl ^j-o Jj Vj — ^ IxaII c“i^ j\l ^)Lui-o S«li^, jJI 

• 0jllj s-LLaC-j Ig i\<LaU (Jl jV o jn^ll j C-iLuuSVI Jjjl^Ia (Jp 4 



laJ-ifl dia.Ull <jdSJ Ja£2 Ajc. jill ^Jlc- L — 1 4 jI iljJaJ Jaadt $. jjuJ j 

Ajx>\c« 4juj^)La-a 4jl ^lc< ^Ull ^3^1* x> &^LaJj &I^)J La (J^ljJJ (jl C * vn j Lajlj 
^I-I^Jjoj! jjjSJj (Jc-li jjl ^ iaj I^Aj .S-liLo 

JjtJj .^.i^j^al! (_£jL^j 3I (jLljaill ^jLill 6^)3 j1a 1I 4i^)x-a3lj 0jllil! <sl£ 

JjS (Peer review) jj^^'l (j\j jjfLa U Ullc. ^ ^£U! jliikVI 

.4_lo 1*JI <L^-<dl ^juij 



Market need Jjj-uJI 3 aIa 

. (j ^ joJI ^J] i La ^J| 4_astjj £±is jl liolx3 . Liil£ 0-i^.j ^1*JI jj£j V 

i sLoi ^Jl (jAill ^l"l*sj Jla t-Lalc. kljLa (jl ?(jjjjJI 4^,La. ^A La jSilj 

?i_ LiSj ?^3 Aluj (j ^ j ?(jjiljll f.V j& j=a j^a .Ajal£ (jjSj V (AIDS) jJj^U 
^-1-ljJI (jl LaSij ?JaS3 I g . ."i * j jl jilVI ClAI-S* ^ 1-aJs a A i >i c^A jH^a (jl (J&j 
jl (Market research) <jjaJ jli cUA t^-lja j* V ^JxSl 
|j] t4jjIfLa AjLaC. AjjJiJI <jlij]l JLi-a ^ ^Jjloillj Clia_JI (jl .IjJla-o lllii 

ljulc. !■*» J C'i^> 1 3 -iIvn*' ojLail (Jjljjai! J j j>*9 

.<jj\?-i<'\I CiljLmuiVI JSJ 



Industrialisation ^jlualll 

tAjjl^j CLiljulc- (jjkiCj jJh 4 jjj-s.II 4jliill Jl j- ^ ^1 j- <11 a_kjjxj jjl£ |jl 

4 ;j\r-l ^3 La£ j . (juLill Ja3 (j-a a-ljjoiii IjjILus I j- jVi-a L j IV‘^% jl 4Sj*ia]l ^.1x3 

; JliLall (Jjaui (^Jc. 4 JC- jj kjLa^Ja 1 . 'I^J l-^JJ (jjll jjlaJaJI 

(jjlj tdjlj t4-.i-v.^ ojjA^aJ (JaxIuj Igjli toAlAi. ojLloi Cljjlil lil 4jl ^yajliij lilil 
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A_iIaC. oJA I I j^))*rsl (J J» u^i^ l ^jl 

j)*>r^l j c_flLaij£V I ^jjj £ I jiaj (JiL<u • c>V lj ‘ "*" _ )5 ■'■ V • l^jaJa j 

IgJaJjj tgl ^Jlall 4_£ j jUl V \\ j j*a j-s.qll ollA ^Al a 1^ jAll (j jlAllI 

Cllc. A i^'Ui'n JajljjJa ^gij (JL^aII IjlA jjJatkj . Cllc. AjC-jjjj ^jAaII A r-1 \ , ^ 1 

Food & Drug [(FDA) *1 j.dl j $ 1 5*11 3Jl£j Jla sjc. Jaa ja Ac. j Aa ja 
[E uropean Medical Evaluation aujjjV I ^Ali ^Atll aIIS jj 4 Agency] 
[Certificate sj j=dl sjl^i ^ j yndl jl 4_±ajj .Agency (EMEA)] 
^ILj I jkkj (jl alakll qa jj .Aiija. J! jjAi ^Al! of Excellence (CE)] 
^ [Good Laboratory Practice (GLP)] S. 11 AI ^jALaII CajIaaII 

lj ; j ■ i'i (jl j tCillc- a jlajaal a. ..A ; jt.'iAC. jl la - 0 L .j J f **• ^lAVI (_£j!Laa 

jj5L J3j cbjjJ (jliliill jjJaikJ ^ ;j/'A -“ll (aAjjl3J jlj 4(jj3.} J^ 1 ''. 1 0jlij!l 

-I <1 ;tl LlC. jluil 

CU>.l,i'^‘ AIaI j a11jl9j AaIuj jJC. l^jl j& jJJ Lj' A I Clllat jAus lS^" J 
.laj lililll 4 I jjli£ Vlaj Vlljla tiSj elj.ill jjjlaj AaLaC. (Jjj.'iui'j JlSj . (juljll (Jj3 j)A 
. ^clllxdl jLajjj Ig'iAg a elgjl ^1 IgjtS-ij jji tlili-lao Ai^. jAll oi& ^2 djlSjJill 

Basic components tAUjSadl 2.3.13 

jA ljli.lj jAll Ajfllj 4<Sjai]l l^-lS (_1 a*J (^jjll Aj jl ~sMl Anil j& (jj Jjalll jl 
. . j-. jll (JaIlII j .-j I Aj£Jj 4(jjfijAj ^ i an j jjSiA jA ^>1» II jlj . A^jaill CllljjfLa 

l»AJjjJ jl ^11*11 (_ S -IC' 4 _ '•Njlj V Al I j^jJU jl AjjjaJI Alilill ^2 jjLaljdl ^Is^j 

(jjjill jlS Eli .Aajs.E ajj^ AISj A^jaai j '’ . A' (^i]| (jji>.VI 4 -'1 ,1U-MI (J£j 

Jjj^ajll jaj jU.aA.ll jJSjJ jl Ajjj j' t**"' ‘ uJ V (j jj^.11 ^ YiMI ^-‘'l-jj^lA 1-4 (j^ll 
j^OJ jjji.1 (jiiEI jX-a W’i; jl .Vnj-s Aalc. 4(_5jLij]l (j jILuiaII ^1 AlUalj 

^-a jLAall JbLi. jA i " till j ^11 j jj^a jll CljlSAl jA ^t- jll (_ 5 -lc- J • till j 

OjAUtA AaulIuiIj Cjl^jjoi OjSjJ G ojlc. jj^ll 1-iA (JlLa jl VI 4(j j^-l AS>jA 0 

l _ s -aAij la JVtk (> tilE Jl J y*a jll j£aj US 4(Seed venture companies) 
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_yL jjjL ^ j ^Business angels) SjU^I 

• (J^ jjjAVuxi^ (J£ja) ^Jc. A-^ j-^JI A-j jLaklJl 



People 



o-U» 3 . 3.13 



j ^1 jjll iS jAX-SJ-^Q J jj jllla-G jl^al ^gjj SjjJ^Jl A£^)joJI A^.1^. jl 

A^^Jjalll 6 JA j-G ^U/1J jl j£-GJ (_£ jll (Jj'W ktiW jA j-G j£]j » AaLq A_^,L^. ^A Ai^}X-GJ 
dilj (JaxJ ^^jl^ll Cll3^]l jjftj 1 . 1) (Ja j^]^ 4 j^jaUJJjJ>G]l £.Lg1xJI j^fLi J3 ? 1 W A A llluj 

^ \ \-^. \ A /\ \1 j | AjjA j_^£j jl j£-GJ V 4dl]j£ .?^-gjjI£^I \,gC^ ^Jl AiLdaj 

I JA ^L^jl ^Ac. (JaxJj ojL^lillj ^aixJI (JL^-g ^ A_ii^,^) V*lK)j jAkll A W,gj J‘i ^Jl 

\Vi\ j nxnjl^VI jIjALoJ j-G d i.k ja Cj^)_9^ ^^a (Jjai^ll j-G a^Usj jl .^^joi]| 

ciAjl-gWJI j-G jjj*JI ^a 5_j^)L^lJI j^>A]l ^LgJjI jl j-G ^£>^>11 ^^Ac. Aa jikll oja (JAaj 

S. WW'I dljV jSI LgI ,^^^-AAI I JA (Jj-g jL^jV LaC-lj j ljJ^)la j Jfj A_ijlAaJ^)JI 

(Entrepreneurship) ^tuVI lUJI caii*^ jjj^j ^jj l^Jla a_£jj-gVI 

Clil jL^. dijj d n*s ^ jjJ3^a]I ^Al 1-n n aAL^II o JA ^Aa . (Jjojll L-jLui^ ^Ac. 

(_£j]l ^J(*AI (Jaw <g!I j-^j c^lijjVlj ^al^AI j_^. j d dj dllj jl^j tdAuia ^ 

. AJj^JaII (_yA\.) (_^^)^l S^)-g (Jx^qj jl JJiaj 



Jxiall jl jjIu UjjjI (Cultural conservatism) j^dll AilS jl 
Jc. (J 'I ^ aA jU-g]Ij jjjol j .aJjL^-aII j-o ^aI 

iki ^il£ll j^.LaJI I ja jl jdijj . (Jjata.ll 'c>j±& A-Jl AWl dlliA dijlS Ijj ^L^-j 

U jjjj 6(JLaC-l ^ jjJ-aS jj.-’k >U1I c-LaLtil A-lxjiaJI 6 j^.x^aSI jl^ tg.Ja.l.1 g-l^WVlj 

C-LaIsJI j-o Ijjl j!Lc I J Jc. jjj cAalijll aJA j-uitJ A_lo^Ic-VI JaLajjVI 

jj ill jiWLJI j-c Jj jxJ! jla t A T iA-^kjuJI IHj j^j cjn^ 4 j£J j . jV I j^l 
AjjS l-jjIL jail] jjj*ILaui jjc. a_^jI j 6 jL^j ^^Ic. (Jj^j u' UJ*^^ 

. (Jl.?k^]l I JA 

j^£j Lc [At. (J-aaJl A j Ajj^j^JI aJjILo 3I A^JI jl j-a ^t- j]l ^Jc« 

(j^a^xxJI AjI ^ \x j V IjA jl Vj 4 A_ujjj 6 '\)?J1 6 ^jjuajj-o]l ^JIjJI 
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^ s^jIj Jl Packard Inc. c_J ^ oia .._i,. ,1:^11 

Uj^j ^aJ (jjiill (JLaeYlj a )l V'lll Cjji« ^ya (jjjjl 4 _LuJjj <JUJI (J ilVill 

LjjjjI ^Laall j (JjiaJI Jc. .Lujij ^ui J ‘W iJ 1 ‘(^' LS* lMj*-! 

(jU di^-lal -l4a iS^A^VI (J-Ujuj JjuaxII S-Wkll djL}V jll j 



^j-c s.LakJI ^Lila (jl j tA^jjiSI ^tliujLajI 4 _lo1*JIj aj^)1 y W] 

(jV I c Ajjj'vll AjlajJI £-lka 0jJajj £-a j . (jjjjlg_-<JI (jjjlA (jJJ 

l^-alxj jl^al ,<alk-a djV 1 4-alk-a ^j^Lal ^j 3 1 ^Lac« 3 jaVI (3^ 

^C.«la La (jj . .ljj-<JI JaxJ jja^llo ^A J Clikki l^x_ix-aj ^j\ J- a'Q (j-a 

^kS! jjj U jii ja (Serial entrepreneurs) o^Uiall jLLJL 

. jj£I djkkj (jc- CliaJI ^ 4-ajlc. 4 jc-^)J <k.j!ka]l Ajjklill Sjlg-oSI j 



Attitude & culture AilJsultj uiSl j^II 4.3.13 

\ ^k l^nau I (3^ *■. i\W*n ok V jl ^j,lq.V4SIj ^iill ^jkc. <j] 

(_£jkj]| ^lxl! (j^ cs^ ^ 3 -^ 3 -^! 3 ^-P 4_Lajjl£VI ^»^i*-ll ul^ 

(jjx-a lIW-* _jt ^jJaj-Q ^a (j^xojjl^VI e* vs n La SjIc. j !(. V^Sl ^Jc. 

Ajx>\c« Cj! j jjuli-o 4 j^)S&]I S^jalx-all d L a ^jIj • 4-iA.i LojjI 4j j>x luj 

Vilt ^1*JI Lai .Vj A-ia1xJI <a^)x-a]lj di^JI 4_iLaxJI ^a 1 g \* k-Lig-ll 

jl Cjljjl lA-lxJ t cdl^Jjal-all J AjAJ C5^J 6 lil^Al 0^Lu J^a 

(J SI cJ^-V Ajjaalxa Aj^S.C. CliVk-a 
cjlikll (^^-ka Ijataj I^^L o jjx x^a,SI Cjla j^>4ll 6^-S (jj 

t CljL-ga! j^ad V I ^.AxJ-a (3^^ L^° ^3^ U3^ La.lic« 6^)j3t x^a filal^-a ^5^ 

^jl Jj^JjaboSl 3^3 . Aj^S <\W 0-qI^)JI <aS Llujljail (J3^ 6 3J-^ (jl (J-ft C5^ 

C-Lal*JI 4 j La ^j| ck_flj^)xll]l LjJjo^j cLjadli ^-aJjl^VI ^SS-xll 

^jj>x ; )IadAAij V jl (J-JJ ^4£ ^4a^ Aj I j-ojki ^jl ^ x Vl} La ^A JaC. ^j-a 

^jl ^jjJC’l.lArfa.SI ^.LakSI Lai .^L_aik-a ^)-al ILa (j^J t^JLa 

^Jj <! »lxJ ^1 tl^lila-a ^jlS> La^-a t^_LaC- ^jl ^ lx <a^ 4 «ll£tillj ^Lk-kli I^*n iwaj 
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^1*1 Vi Ia-A^C. I^A ^ Vx^ajj .A£^)jai]! c_il^Al (Jjj^^II 

^Jj Ajjoiillj I ja j .^jjLU! jl c!j\-^ jVi^ll ^ja )jit xs* j«ic« ^lc« ^1\ A^^ji]! 

qa (jjAjjl^VI <ja (3^^)^ U3^ u' V'u.uj 3-^VI (J* >j ^ajjI£VI (JaxJI 

. ^lixJ^p ^ic< U^' d^)jj£«ll! AjlJfl J-Ixj ^J^LolaII 



-ij-ixJt ^jli .^qjiWill c.15j^3I s-LajoJ! (J1a£ (j-*J liAj 

JL^a ^9 JaxJI a ^jl ^jji^ ^9 cAj^jJsij Ij ^2»-j cAljoil! ^ja 

.^inLu Jao J*ilL ja (Biomedicine) ^ <-iiall 

QaII ^9 4^1xJ! (JxV.i djl9j^)iil dJiA jl ^j-l-lA.) 1 (jiax J .^*iar j 

£^Jal_k (_£l^}]! I^A u] •(^g-dxJI vLSLaa (jc. V i^ n ^3lxA3 Ajjil^. J5I 4(_£^)lVi3l 

4 ^a1*ji diaji z i I ^IIaa LjI^a <j^£j (jl ^jSaj Aj^jIaIaII j ViC-1 AjjjII (jV 

Il_jI_lujI o-1*Jj 



^llxJI ^9 (J ^jixJI JjJa 9 l ^ja » 1 j» 1 xJI (jjj 4 ^£Vj AjjJI fi-^A ^jj • 

- Ar.1 u^»\l \ (JaxJ 

<c.^ja31j ^kjujT.ii Alnl! fi^A jl ^-ixj o JA xjaII dlLj, wMl j Aj^I Vi 11 Ja^au-fiall q \ • 

.6 jIjVI J 

.6^)9 jj Al^g *a i jl ja3I j S^-V^/l Jj-ia9l * 

^lA^k jl ^)a ^9 ^3lx_ll (J yfujiA _jj^J**i, 1 AjiLik^. Aj-a^)9 tilliA • 

.AS^)jaJI JIaC.1 l g IajuM <^1131 6^)1 Vi 11 j\ A/Alll j ^aAxJI 

(_£,k 3 l (jAiiL A Ag a Ajjl.A^a.i 9 l dj!-ijJ^)A ^ic. (Jj>x^i^k\l A_*-a ^)9 ciJljA • 

.L_JjC.^)a3I ^3x_!I AxjIHa jI^)aJjojVI Aj 9 ^aJJ 



Strategy 5.3.13 

IjIa ^jl ciljlc- ^jj^jtlAA]l ^.IaIxJIj ^UjojLIaII l VjuiV I JlVj jl « 1 *J 

I^C« 4 ,nar l\l J JajaijlAll ^AaII ^9 (Ja*j ^jl I^La * il^jjoal ^A oJIA . (Jxilluj 

ciltiJ Aj-aL^. 4 lx i3a 4 ^A Ia A^^joi Aa^dI^jJjujI (jj ^^aIxJI c**i^ ill V*jj^jL<ia 
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J jIjojV I l g Ljuii (jl L-l2kJ ^lill jlaji lii5Uj 

S^jjat CjlljjiU A-Lolij^)]I I aIujjVI {^yaju ^Jj LojS j .4 VuJ (JSjuj 

:ljL3J La -lie. 



?iiSjS^jual <j^aUJI (- Og \l jA La 

^j-»a • (3^^ J ^-ujLoJ $. ^juo I iA j ? JjV I li-W jJ-Lq JjSjjuj ! iLa 

il-liil -1^.1 j dLlc. tig fllVj ^jl l-L1 * \ ^ 5^1 6-li-lxJI ^l^iVI 

6-lj-l^J! CjlSjji]] 1-1^ ^£-<a I^A uj 'A^S til^Ua C^J 

CjljLlkl ^ \x J I^Aj .6 Jj.W^a IaJjI ^-<a ^lill c^alxJ! ^Ac. O-lxUx^cul 

^jLiuJI ^j-laau ^jC- ^ \Vi\l ^ ix,j »l§j i A ix xsi 
^c-gL^jj e-lA\ 6^1 C- ^_1xj ^Ua3l £-<a (_Llxjj *»- .Lfa 

j dll jlg-<a]l cilLoj (Ja .Aj^jjjjoJI l_ijL^H]I ^Jl J jla J§ (_£A]I ^)J^ia!i]l 
?l^jk ^li<^j du£ <3l£ UjaJI jl£ Lj ?d>Uj *\j^y JU\ 

(JjVI 0-gL^JI *l$Ai! -1*J ^3 I^AxhkM lALo 

ciL-il Ja jl t^LaixJ! j jfic *l$jb ^VLjj Ja 4^(_JjiaII jl ^U-l'L) 

^JLdl J ?(J^xJL j )\ ^}^.l 0-<aL^)J 

q\ L_l^Jj . 4 jLc. jl ^xa\e L5^ ^jAd LS^" 

fi^Lsa-dl 6-lila]l £-<aj cA^^joAI <LabJll <dl-lAVI £-<a s-LalxAl S-Vj^A (J^C- 

jl AAc .(obi J^V) aAjAA (Competitive advantage) a^LsJI 

6-ljlill ajlA cdlLjJ (jjlj 4_lxaixJI 6 "J£aa 1I d-ljli!! J-l^j 

.c-LaIxII l^-j ^ jfiii.ii (JLaeVI La JLlLj 



A. a\Xa\\ J jUu JjULa ^ jlLdl 6.3.13 

Product versus service versus technology 

^jjj£jj tifcS^jja ^ jSLuj C-.LS ^A ciin^jjl jl^jl ^ ^^.1 jill ^aI A^.1 (JxJ 

^.LjI AjlVl A^^joi ^ai^, (jl^ .A^J^xaj A ^fc>L j 

j\ Pfizer a^^jjoi (JLo iL^Loj aIA ^'\a ajl^$ aus* ^ ^jl cijLmiLaiill Ac- 
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a . luiLmV I djliUiuSiVI (j-o Jj-oj a-gec. jljjt ajjU ' g VC; c~na i tRoche ^^cs 
Ajjaa. Ajlaj a£jjo! •‘lLluiIjj ILa . b.LlLL/ 1 ciiLajHal! Lmj j -L 

i. 'ClS'i j a-lilc. (jjjjoi Jl ^Lia_i aS^ Jac. JAC- e-^oi 4 q;All J _^A a jj» »^> 
.bAiCc. Jljall Jc. alja.j-a]l ill! jf».all (jVj tAjjaall 4 _lil 3 l bCA JlLa f.Lu] (jjjLLJb 

J j Igjl i-s nl jlml 4 (_>aJ jj^ajj tCljjaJI “Olaill CjI^jjoi alljja 
jg a A adla. Cilia jli-aJ lAAljjj alna. ^ya ^>a£l S-iiLCn.n aljl£,jja] £a 

t-dAi: jl jjaj La J j _jj]l C‘n*a j-a ClllLjCiJI I ilialj IcA A a J dlLaCa j Clll n'C 

I I ; I a AjlLill J _jjL/I JjlJ jlLaJj 



^ljia.1 jl i_aLii£l ULca jjj .(Product Company) ^liil aSj^ 

A. j ^.xu.il) (jill Call jJJ jj jA'ill 4_iLaC. (JLla. jya Igj tClllajIlla 

J <] La CaV IgijlaJ aUac) jl l^jt-U aJ j-a j t JLall adiljAj 

t ( *jn.nMI j tAjjJjjoll a_J aMI ^3j t ^)J jiLiMI jpa Bjja.VI (J^lj-all 
4_ijjaJI AjLallii ajji£i]l JijLM La ^all ClilSjCu ^j.a'S idle .^jjjlillj 

. Chiroscience j Celltech j Amgen Jl» 



cc-Lai a" A_;Vq~i J\ ciil jj ^jjjLi'ij ^ji£i .(Tool Company) ciiljd Lil^ci • 

dll^ jLJI bCA Cilia. jlla Jc. -ClLa^l J . Cilia. j!1a]I ^)jjaj J jjja.L/1 
dll f&A J t C 1 i^^all LLjE. 4-iiajj allLaJauall allLia-a^>J iJaCiiJ 

(jilajj .(Combinatorial Chemistry libraries) LLial Jl *U<l£ 1I 
(Technology LiiLill ciiCaia cjUJi sclc. cjlljcJI bca J& 

•Platform Companies) 



<iuoa LcLl adj (Fee for Service Company) Laci. <JALa jJ S£jLi • 
JS .^jjaj .vie- (JjiLjI ^I^Vw.'VI jl jlaAU (jj^jjlla (jdsj jl/j 

J tCjJa. al lU^a J c2_jjCVI <1 jjC. a M a_JjSyill I A 

.Ajliil aJ^ 3 La i_L“LI Jla-a ^ bCjCc. 



521 



U-o ailc.1 JjLoj jll ^ 1$^ Aj^ .(Hybrid Company) aIi^a a£jA • 

(jk^j djUaLij (_£Ayj (jl ^ -JJ 

dllk ^ic- A!±a)! I j . A-aV I <dj^la ^)J^Jaj j dj £J^)L olq l^_Llla jj (j^aJ 

{d^*j j 6 4jx*a-V^,do]l djLaAaJlj djIjA^I C5^ djli^joJI 

.A-i^^Lxll AjjAVI dj^2^j C- L) 1 *^ 

JSI u! .Jiij'inJ jajuj A3 i^Vn-s jj! J jjgil jl liSJjS (_s^>aj jl tiLlc- 
j^jll j j^)-o £_a jajSI JLij l^JLaC.1 J£ajj Igjl 1% ijl jiml Cjj_jJa (Ajl£i^)jaJI 

4iu3l i— jI » jl . 2J j 4 (JJiaJI Alii jjjIj (Jl jla.L j 4 Cilia.! •s ’ill iJaCasI Jl (J_ja-a_j]l tJa-V 
jjLoJI jft SAa^ SjSs Aa.1 lAa. AASLall ja jj£L iCIIaSI . LajA oja*j.&]I 4_ia.JiJI 
j£-aJ ^ Li! jj Jail AaWiI CllLa_ai*_<i]l oAA JL! »'i ml j A ^i]"'~\ aill ClllL^)jli]l Ig^lm’l Jill 

.^laCl]l ( JJ oA jkaj a£* IuiJ jl i^llai. I 



Success 



c Ui]| 7.3.13 



sAiLa 4 ajJ=u ^lajjl I—SJ^jjij Jt ajAlii A j-nj'iI jlmVI jj£j jl (.!•>; 

I AA jl£ I LI J Yl 1 ill j 4 Ja 3 ^aJ j^J ? Jil^jll ilia AA _jA La iLl.tiqi (JLuil . A^ajfrLaj 
oAjAaj jSuaJj ^gJtSl J 4 4 gyi Vi j£-a-a t(jjLiall jjla t(j^il-s '.A . jl Ji»..a..i 4 IJL a Ogll 

A3 (djL ^jCa jAaai • iiLj 4 iAUa] (_g 13 Vl 4_a£_all djl jL>^. II ^A La j . jjjt-a jpa jj 

?d)l jLi-slI oAA ClljjlV 



4^kl JaxaJj . 1 $^ Vll ^aj)g 3.alL JUJ jll AL-saA3'JI j_^ 3 ^1 •% ill 1 

lAAC. jlj lLaLaJ <Lili jl lA2a 4^a.U Lai Clil£ l J£S 4 jja^JI 4jVq ill 4£-Lu*a jli 



— l^jl -s jjia (JjiLoiI ^glc- A^J\J ("l^t n^il 4 jja^J! A ii?ill jxs JaA3 LLlla 



dJI j V l*io %90 jl Laio 4 LjUj -Luili Ujlik.1 j£^aj Cjl£jjoJI 4 aL jl jAilj 
^'-A-j j a "'\ . *• a dllaC.1 A3 L'u %60 j>» (jlj 1 4 L> >'»'i 1 4 Jalc. Cjl £jLj£ oA^a.^a 



(_>aLLa jA j) IRR (Internal Rate of Return) (^Ia ajI& jA*-a jJ jVI 
ji'i.j La_jaaC. _jAj 4% 10 j-a JA^I (oLaI — jl L'n > »iLU j^JLall ^1 •% ill 
l^Aalaj 'La.jA 4i^)3ua i^l'l^aija I^jIaj ^^1 4^JjoJI ^1 4..iui.i.llj Lai .LjLaiiiujI 1 %1 -s ‘l 
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jjlxj (J!ia jj^j (J^L^. jA J^' 6 jjx^aj \ g a.YIIj 

L-J^)Iaj.\1 a1^,^)a (J jVI (J_^A J^L^. jA jl t AjjV l-ix^a A^^Co £a ^)jj£ 

. Lg_J ^a^Sl ^lill jJjJaiTlll A_i1aC« ^3 La ^sjg 3 a Cl AjjJ (J^x-a ^Sl jl iAj^J^jaill 

Competitive advantage kyJ i \ ni l cj! jj^l 8.3.13 

jl ^ \*\ j tdjljniLodll A£x_I 6^1 S^\ (JJj jA SC^^La S.H W oAA 

A^.1 4 * j W*1 k n j V C-(^JU) JaC- iAiSLa.) jl t cILuaSIIa jA jjot^.1 ^-^Co Ja£- viljC. UoJjaIj 
La. Via 3 . ^jjj^VI jA Ia^. CAC- aIaC- i^pSI A-lxfil^Jj 6jl) cil^jJC* 

jl t,-*\j\c. Aj l,Ai^. j^£l (J (j- 0 La" iAjjaill A£^)joi£ jl (J jUa£ 4(JLxxl1 

jlsuill ^^A A£.l jJI ?A.j)l Vlll lALWIx^a! lAA Jillujj C-JuS j il jLlAA j I^^jIj j^£j 

4-uuxL l g 4 )*u^il j^AJj ;llA 

^Ic. . Ia^. ^a £^_xjo lAA j . 4 j Lax II &! jaV ^ l^)H.yi o& I^J L^ltu iJ j// 

J caUaJI jl jllsVI £l J ± I fi£.| jJ hajlA 1 j>,lx.^a^j jl *uu 

^Ij^VI &p,|^j . jj^kl (JjjLV jl fi-liLo jj£lxx LgAL jjA3i*j ^Ii3l CllLc.1 jl^-VI 

^bCl V Aj£LiIlj Lg-jj . JA jjAj dlc«l jl^.1 (JL^»A (JaxJI jA (J.'VS U1 ^ tA*1 

Laa1c«j ^iLs jJC« ^LaC« tilL j)A J LgA£]j tcilc.1 ji^.1 Alia! jA ^j-a^Co ^1 

l-A^. A Ag a £-1 ji^VI CAl^ljJ . dlcl Cl^yij JLolt (j^ li] jA^aljj ^jl 

J Ia^. (j jJLajujI y I .^jL^jJ! Ajj)..).SkSl 4jVq i\l yic. ^9 

tilSj j 6^1 jlkl G£.I^)J iy ^joul jl A k \x x>a ^-1 jj^.! C1jI^I^)J CjIa a£^)Cu jI^lujjV I 

^lc« (Jj^Lax-Ua ^joiljJI ^ja AjAatll ^jli Llllc-j tile- 1 ^i^.1 ^..u^aj LaIL^. AS^ 

CjUIjj C5^ c!^ -0 . A \ a WaII A_JLa1I CIjIajIxIIj c-lil^j 

[Polymerase a!AJ\ ^ ^\jl^\ u \ jj ja ^1 jlkVI 

Hoffman - La Roche a < 1 £ ^a 31 Chain Reaction (PCR)] 

^iAj (jl L-i^j AjjLalj (jAal^)C.V (PCR) II ^AVuuj yixll (_^l (jli 

. ^-LJaliluj A^^jill jjli Vjj 6 (^5-1^ Vl^-<il 

^3 ^1 J^VI S^.I^)J A_iaA 1 (jja^j Ia^J jl . LgJl J^y ^IjjVI jlLjI 

V Aj\ Vj tilc-l ji^l aIL jl La (j^T^fc >rtl L^)iaj j^J jJ^ ^gA All ^Asuj t^Jj-sasIl ^AaII 
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l.l j JaiJi ^A c^llL ls^~ . CllljjYI JjJ lillL Jjjisbj A a \ 

a^jli j /'■»_; ILa (jj .lil^yc- IJL'a; V ^Lijl a^.-vl jl i4_iii2k t" ''•»■■ ,,'V',,.a j| ijjjxx 

• Iff ; V “LlaAj Jjja jLajI jl AalSj (jx Lai i^lw.ial ~ia ^j£xJ (jxaJ <Jxu3ljJ 

. ^ jLUl ^ ^ ^ j (Jl j>xV I J jJ j ^^jxjjl £x I -a a ^ \ a ^_LLl I La (J!La CLl j ^ 



JiL jjjaJ UjS Lboiallj L^Lu j,n»j oLa j . Lgj ^L£U 4 ;jj ^; ■ --■» t/ <-j/ J^.x.// jlLjJ 



-LS^)Lall (JIxjxIjj ljLa.1 Cllljl^x]) (jx ^_jl]l ILa j^xxoJj . L_iiS ^)i.l ''■ »^a ^ *- 

(In vitro lALiJI ^jLi, s n^Vill ^Ic. J JjIjVI jjxujxxll jl£ Alj .^J^ll 

I jLJ j jail ILa (jjaasliall Ju jja. Jl JjJI I La Jiaj fertilization) 

• JljVU 



jx £• jj i k*_xa! I La JLxj . ItfJI i_JLaJI j! J jl j-all jix yjii^JI >J LjJ 

Sj£ja Ullc. <C.Lixall oLa jV lillLj 4 JjjaJI 4jUull J JjxLIiJI CjI J xll 



toJj^C. Jjl^x At' -a I CjISjxJI jx AxJlacJl J . J jl _jxll ^Jc. (jxilj “LLja-xll ^Jc. 

oJjlall dulSi ILIj c^^c-ljJI j jVju Al Jl -s all J 4 jjolijJI CjI£JJI A ..->1 -s j 

jj_jj]l (_paxaJI i J j!il I _)L^a. 20 tJjl _jxi> ^A I g f 1'la'l Jill O-liaJI “A-lxuSLiiSI 

0 jJxll a La jmVn»i jljls tl^liiujolil jjj Will j djl jjj; a JJI jx xJxJtLI j DNA 

i-jJljj] Ijl^ 30 £.ljja) l g Aj C5^j 6Jj3 .IxJ 4jju^l.n3l 

d^A V Clij£ lij Utila 



- a_iLxx1I £_ia_ujj jijI ji 

j cCjLj^VI A-ijiL^. JaVI dJiA j . Lgj^zu (Jj! lIuI jj£j 

a£jjoi (jjJJ Clil^jjoi l^J Iajj Lo a^lc. 

C5^ L5^ dIa 

jA JjVI (j^ d±i£ lij 5JL^JI ajlAj 

(JajoU Ajjai3Lll]l CjljxJJ JIS-ujVI .l-Ajl-i L^lX.A^a 

^juj! jl i aaij Z* J Ig i^aJ 

CjL^. jVaII jjc« Jais <1 Ll 9 s^jLaJI d!a .Aij^)*A (Brunei) 

. ^ jjouJI j ^ JU^MI (j^)3 4^ a! 1 J (jl I Jj 
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1 4jjULGj A-jjaiSljJ 6 jj-G 6 . 1 i^jll 

Cialsl ajU^V 1 ^k djiA ^2-ixj .^1*3 (j,iWi'l 4-Lgc. Jlijj La (jl (jLuj ^^A (jjj^VI 

0-g! JJ ^\]\x a (jl j£3j) (JjjLJI ^3 jjjlli]l <] c^I^. jUg (jl cJjIjjJ 44-i^.ilxll 

j3 jJ ^lill 4-^ J.JI (Jl ^ jii-G JJ J^l AJ-aC. (jl LaJ j . ( Jjiailj £ ^JJ 4 j j jV I C_flLij£l 
clil£jjill <jli cdilAj jIJI (j-o (jj2)LaII CjIIg cjlWn AjLgc. ^ 4 -Liable. 4-Jlxi I^jS 

pi j«JI (jl (jiajjij (J jS CLjLlS] i_Uui JLq 4<LgI jj-a (JSI CJjIjjL (JjSj Lg LJlc. 

^k AjJl*i ^Jc. (JjIj jl 4^7/7 vitro ) L£>LaJ! ^jL^. 4ljl*3 ^Jc. jl 4(2**^ 

(JS . ((J jVI 41 ^.ja]I ^jIjj) (jLuU^U I jjjJa c > intn V 4il (Jdta jl 4 ClAjl jj^JI 

(JJ.JI (J] C-. ^jJaJjoa (2.13) J (1.13) (JJ.\Sju111 (J jLolg]I ^Jc. S jixk 

. ^judslllll 

Competitive intelligence ^j-yiUSlI * t£i2l 9.3.13 

1 g jlc. {jj^j (jl *» . i>j (jll SpliSJI AjjILg (jVl <3j*-o (jl 

.^^-uiSLiill ^-g-ujj Lg _^A liAj . A-i>.ti3ljj Sj^iS tiKjLLal ^Jc. CjLjVI (j-G p ^A 

gLA IjAjoJ jS (jjj^.1 cilLiA jAj 4 lA -IjoJ ^Jc. (J-GJtlluJ <ii*-G <\\}U <L^.L^. tJLlA (Ja 
^ jjJ^Vl ^aA (j-G ?(JJ^.I clll^jjai JjalC- ^Jl L5 iiluJ <LJ_^JI & AA (jl (Ja ?jLx^al <LJ_^JI 
(j-G <c. JXi^ A &iA ?4}k (j J-G J-G ^aA (Ja j 4<LJ_^JI gLA AjuJ ( Jc« (JjLg*J (jjill 
dA^jjS-G (j-G JaIg J^C- cJLlA ?(j^jai]l jA Lg^ 4 ^Lu^LLg]! 41a*j Lg (J clk\ k tiV I 

^Jlc. J j^. 3 J l^jl ^ 1 . s-t\ <3j*-gj (JjIj ^Ic. (J V J 4lAljJALjj ^lill JLgoVI 

. (jjjai3lj-G (j£j ^ -J ^3 jLkJI ^aJLxJI I iA (jlj (JSI <3 j 

The business plan Ja*J! ^iaa. 10.3.13 

.tills ^gi ^j-lllj 4 J-Sj"'l jlmVI (_g^x JJ olilc-! jSj L>° 

^ ■a , s ; ^LujiIjJ 

f-LblVI oiA (jV tlxxs “Lljlajllj AjlLalt Cjl^l g -all j ^jlill dlljlg-aj 

Lai “LL^aLo “LlajlS. jA oLa lallrs'lll 4_iLa*J ^gjl^jl! ^ j'Vl-all (jl .AjjaiLoil 
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AjjjL^. )j .Lgjli -l^j AjI^J du*n\ t c-^lLc. AjIc. (jj^j^ 

4 1.1a. lliS.} IgJ ia-Ja^d.'! ^jfL lij A-a J^C- <jj£j l^C'l^jj A_IaJ^}aJ! &1& 

J£jJo11j £JJJ ^3 I j]j 

l^x_daj j! ^.LaIxJI c Aj^ia. AjIsj A^^jjoi s-LijV A_laa. CjI. W**nul j^^La. 

c-jjL^j ^1 <jj.iiaj j j dl^nll l-jIa x^al <jl ^jLixua. ^k 

^Ull S-Vj^A J tJaSS cilli <jjjJ .a£^)joJI ^ lAs-l^aJ Vjl ^^JclialLaiJ 
(J^uli A^^joJI Alaa. jl S^liLo J A^ojLuj dj iLg^j Aqjq^llj 

UjL Laic, .aljjl Aj-^alo A_iLax.ll &1 a Igj ^a! <^1a1I (J^I^aII ^jj tLiaj j*i j . ^)jj£ 

.ILLuj lg_la ^Jj LiS^LaJ 

.6^-C-l Ul lx^a.^k\ ^lil! ^)Jjlx-a3l l. Um«\ j d\jlS>^)jui £_£.ill ^Ixll jj .i-la. • 

AjIj£ ij-oxl! A^a 4 ^ ^j-a JjVI *3?^ -3^ I^A •^1x11 ILa £-a i^caIiui liLa J.la. • 

^)ljJC-VI -l^lj (jl L_laJj . JaxJ c_Li£j J-axJI A^a^ a5.1j L \xs~i\ Aijj 

:^t 

?la 2 k (J-a*J (jl ^aLtll (jSi-aJ IjLa — 

?(jj! j (4j ^aj'qj i a (j-a — 

(_]£ Cjj-li. ^yi j£la]l £_£l) Sjl^VL ^ill (j -a — 

^_j-a (jj^j V jl (l^J jiLia]l ^ 1 )-)"i > n'l V f.l^a.1 lilliA (Ja — 

(Igjl^aAj ^ajiLLul (_£i]l j& ^ya (lilliS. jlS lijj (IgJ ^Lisll >— jl ji^>\l 

^ijllu) t_ il£j 

(New intellectual saj^?JI <^1A\ dliaio. ^jJI J& ^ - 

?jjjkilt £-“!jj jj^iui ^\ j& (>j (property) 

a_±^j ^^jll 4 „imi.uj1I CjI La — 

A ;>>i^ Vn\l o^jlill JAi. • 
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(JIaI! <ja ^ j (Jj^aJ p'\) i m C..AjS — 

Jj^aII ^A <ja Ia AYc«j cJj^aJI jlij AiC. (jj^UAi ^jjl — 

?JIa1! ^ja 

j!11a ^A Ia ^ uj IjlAj ii.Ay jjIa ^-U-Ujj ^ja — 

<1L^. ^2 i** vWjon IjIa — 

AjjL^a^.1 ^UkJI }\ l }x x^a A J^Vi\l J^j 2 «i2 

IjLa JLujJ ^jl tililc-j t Jjiaj 6 ^)L^j]| jIaII AjaIxJI 0aI^)JI a ^jj diia. 

^ J)Via 11 (Jjal2 ,Vl*2 ^ jd^A dll 2 d±jl£ IjJ ?ciJlAjlI ciii£^)jaJ i** iWjul 

CllaJI <aS^JI ^ja (j^fLl 1^1 .(_Ja*J! £jC- ^lA^JI cA^^)-udll (JjaiSjjal 

^aJJ <jl iAjjai ^)j^}a -AxJj t (J^aaII (JA . d\j£>^)ju) aJ (_£^)dl djLiiaj ^jC« 

t^Uj ^jj ^liii3l l_i^jj !A£^i!l ^jjjjoiIjJ 2 I 2 ^ill _)11 iaa]I ^\x\\ c-flA^a.! ^jc« ^ \ Vvll 
. (jjai^.1 AJIAiIuj! Ja^)jai ^^Ac. 6 ^La2 i jiJa * \W J ^Ail! ^5^ (-5^-^ 



(jjlj t^jVI du! (jjl (jJJ (j^J^Asi d*i ^A 1^-1 a£Lj Aj\a» 11 L q.'iA jl 

dll jLid 2 (Ija.Ic. 6 j^iA JJC. 6 jj^alkA I5^>ia idlj V (j^A) L_lA jj <jl djj 
— 4 Ag A 4-j.lkJjl 1 L-UjoAI 1^-1 .<Aod]l Un*\ ^)JaVI ^)dl ^ lij t^J-uAjA 

La A! (Jjaa 3^3! «ll^)J qKa'I ^Aj 1 J^JjAa]! ^Vl^Aj V 

4_1aA*AI Lida*]! ^jjj Jj-aaSI AjjI£a) ^JlC- ^jJa jj Ia£ . jI^aSI cill j J 

,<£^)jai]! j 



I jIa] J <1axIL.jJ l a] 4 tl^A ^jc. fi^ljc. A-iIaxJI O^A * tl 

QJ<?\ > n t^l] j AiLkJal . JIaII ^ja A-1a£ c“ 1 I I jj ^)A (jl (JjJaSV I ^ja j c ^kiluj 

■ "\YumJ ^j-uLujVI < Ofa**k Ia£ A_i^. jilll J ■la : iIa*?J..vll (JaC. AAjjj 



-lalara..!! 0 ^A ^ja“s ^jVnl L-JjU^a'I (JIaI! (J I ^ I ^£ 2 ! A_Jj 

cA£^)aaJI &AA ^^2 J)\ An > 1 Ljl J j2J J (JjAA .iklj c^\j\c» 

A ^kjVi J jaI ^\c> (J LajISaLj >2 j^j]l 6^-J (Jjti!Laj 
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jli c% 100 jjj jl JaC 4iai. Jjaj 



L>* 



jl Cjljlajlj 4-Jja JJC Clsl.la.1 j^ . -ll£itj]lj AjJali. jjiui lg_i3 j^alic oJSC 
J Jala-all £*Jaiui CjV' a'WVI ollA J£ t f -.g mV I jj-jo JjJ Jl 4.J,alc alllslii.] 

Jjjall jJc AjtSjIla JJC. alA-j-lVi cdliA jJdjoij . <jLi*_: lx- y-ayjl 1-^5 }->•*. jjjJa 

(j-a3 t^lajjl J Jal ^-iJV'llI ja jSLaJj ^1 III jfU j iljji Ja j tlgj jjJI i _ l-sj 

. VLaal Jjlaj V jl (JjM<a3Vl 




(x-axis) ^ijmll jj'. all .4-L-Lill Ajjjj jl 4jjjaJI 4 J I Vi 11 ajlSjJJ JjjajII :3.13 Jimll 
:(y-axis) jJl^ll jj~»- all . S Jala 3 jjLua 4_jjja 4 JUj 4£j*il ji jlalSI Jal ja Jlaj 

£l j jj ll . jaULall JLa!) (jailj Jjjaj Jxj AS jaill 4*i jjj jiil JjjajJI jjiuaa 

w Ujjlaj ja 4 ilia » Jalja J ajlSj-UI Lfl-il& J-aal ^ j]| ujV jalil 

AjjaaJI AJIaHSI LjI jLuIujVI 4.13 



Investment in biotechnology 

ja I la (Jjia .ilii ^jl (JLall Jl JlVim liiiU lillSjiu I— S.J 1-4 J w"i l*j 
jUlimVI j JLlj - j' a : V' . .'V I Jl J’W' V iiijal l J)Wl jS-aJ Jjjall A n'aill jlSal 
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(jl V] » 1 g ani S-A-a Jjl ^ dj\ g jWll Ja 33 Allis cC_flVVLj ULl^.1 

JJs J^c. tilljA . ClAl* jl elliptic. SjIc. t ^ il)-vn A_iLixll 

J j i^lt^A t't'n jLojjjoj^AJ ttillil 6^1 Lia1I g2& J!Lo 313 jj 

1 jl a\c* 1 j t ^jj^) aTui ,)^\1 J ^jl t q\‘W a tiilljA . ^jj^)Xi"n t uxill _5 ctiL^j^S 

*1a 3.13 JL 5 B ^-Ja Jj . (J^.1 33 Jc. ^lj^l J-^ ^ 6 tilj£^)jjj ^3 aI^^oII Jc. 

(JjAjII J! jJ J Jjjjnll I. 3 A AS^jl-g j! .A^^joJI (Jj^-o 1 i 1 ( ^_^. 3 j>u 1 I JjjJal! Jc. (J^J 3-all 
.tiii£jjaJ Jjj-ail! jL^jJ .ijjj t" n<; I jj tL&^a lliuj (jj^ut) a_C)L^. Jltiuj ^jjilt 

^^AlLauJl ^jiaJU - 1 "»'q^ Jjj-aj 3*lt-a-a ^aIIiolaII (j_J^ V (jl *» . 1*NJ cLillj-Q 
A*uA g.LjaC«l£i _Ia 33 (jJj 4 (J-axll (JjJUuIjj ^3 3^3 tiijj^C.LaLi 

4A-a£-all J31 3-all -1^.1 12 a 33* jj .A-Lo^ill Adiiauaull IjLtJaall ^3 ljJh.jl 3^3 4AJ3I.3J 
A \ )x a Cliljl^-a J dll 3^3 fijjju^all 33a!! jl*J dj^ 4 J3VI (J^. 1 3-all J Aj-ald 
(JLq •O'O^ (J^ L5^ S3I3J l^Iiljl^-c t * \Ua\ A_laj-a tiLai V QjSjjoi 

<^3 SiC-Lm-all I3333J 3I (.J-aJ (J-a*-!! ^3 Agjjljl ^j^xjJaJ (J^ill ^jJj^Tu.^11 g-VjjA 
AjJ^all A/sUl (Jjj-alj J 4 JjLoJ^IIj 4 ^-aAVd-all (J^ SAC» 

uAj ‘£lj^Vt 6 ^-ljJ 4 Clllx^LaJl J AlVsill (Jill (Jjlilfl J-Q ^IA^JjoiIj 

.(JaxJ! ^^3 ^jUaLijj ^jVlx^aLjl (JiLk ^j-a ^^sLjaj ^>aLg ^ali^Jjail 



Seed investment o-a^bll jUilw) 1.4.13 

^Ull Clal j\<q» 11 (J£ (J-<ujjJ ^111! j A^^jjoi ^lj Lo bj^3 ^)J^Jaj ^3 6 j))*vs\l 

j^jj .(Seed funding) (jj^till ciiaJ! _^a (ILLuj 1^1 Ujjd 

4 A .n uj^ cJ J A^^)judll ^.LaiV (jLdl (j-G A^l^ A_ 1 a£ ^JjjJjalllill 

(jl_i£ ( 3 ^ J aJUJI ^...ajLlaj (j-o ^jjjoDai^All g. La 1»-11 t — ^ cl)-** 3 -ajli^ll _5 

A_iLaC. ^A j 4(Jaa1I A ^vs AjIj£ J 3-ij3*vs*i\1 AjIaC. ^3 tilli£ (Jjj-<ull lAA ^A^Jjoij .A^^joiII 

g.il£jj 4 ^Ia^JjojI (JajuiJ j Aallc- cljl JJ ^li^J j 4^Ja USj iklj 

(jj v (jjjxnn^ (j -0 • (jj Util ~\a \\ j 4^-1 1 ^1 ^ 1 3 J 

3 ! A \\ t til ^3 A.x^ix^iVlqj A3 djl^^joi (J^3 jl (PriV&te) 
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CjIjV jll Ic. jajuj jii£t Vj ^IjjjjI ^ 3 _^.jll SjjU dill j V ^^lill t^jALiuAiill 

(_JA d3C»l ^11 <S^)jaJl 3^.lj (^ill (JAlultill ^jLaiLoiI <la 3^jJ .A-ifLi^aVI S.W*ia11 

J JXJ ." 1 _£J (jjJ C*Vl^Aj A^^JjoI a.AA" A 1 ^.^)A ^Jl "4 A)]^x \\ a.AA ^^C-" AI^,^A 

Clllj jJ^aII j A_1jIa (j_^j 4 J^.^a]| a3A ^3 ^)Ja\ a\I (jl ^Jl c Luj^. <^3 c . ludl 

^jjSj Lojuc. (Funding gap) cJjj-Ai]l ^^a-ujjLa ^jj .aJbSI jjc. 

jUj jl I^A ^Jj -Ixj (Jj-aj ^1 l-^-'i5Ll j (JIajuj!^) £-a^. L^ c " ® 

. ^)j£l (JIa (JjjI^j A-j^)l *^*>a\I ClAjjjjaijj-d! aLiijl (. * v A_a3l£ CjIijI£aI 



AJUalSL q-^LaJI JjjaUI 2 . 4.13 

Private funding for biotechnology 

AjuIIa ^^3 jl JaIo^ 4_ijlia (Jl ^aI ^1 ^ lj.2kj.uj A^jjaJI ^j-ujoiIjj LaIL^. 

jl aVujjV I AjLjJa (jc« ajlc« AjjaiLill djlSjjill (JjAJ j>ViaII jjjlaj ^3 lg3l.3Al 
a iA (Jja (j j • 3 j3V I j}A ^^iaLa-a jl jl j3l (Jd3 j)A j-uo]l ^3 ^j-aLiJI 
(Jj^)aTujja 1I ^„,lj^a,,Ujj l«l£Jj .a^J^aJI ^-ujVI s-l jJA (J^-^ (jA S^G* lljl jl aVujjV I 

Ag x J (Jl jl^.1 (jl^ ^IjSII XAlVI <La^. L IftiqV.l ^illJUJJ XAlVI 4 Ia^ (jA 3-l^JI 
Aj| Vj 4(jAJAjA]l jJilj A^_^j jA AjJjal (J3I x All c££)IjaI 6J^3 J.3JJ 33 . jjaJI ^^3 
£ j^J ^I^IHaI jA V 3 j 4j jj^ j 4aj 3 6 4^ jjai (^ 6 (Jsl <il£itiAl (J-k-ia3V I ^j-a 

4 AS^)juJI ^JAJOjlllj Ldl^. . i^yS^l I^jjL ^ j t (Jjlkll VJ (_$ jLau V jji 
4 ^3 4£._yJa j>JI 1 g (jkau ^ ^ , ' r - tj^*-^** 1 

(First round finance) ^ /il Jj j-oii Jj>^! 11 a .Ja*JI 

^ya (' ji I3^> j\ a )] ■ >il (JLo n» j V (Jj_jai) 

^jj^aLL!) ^)jj<> t Udu^H 



l^y> ojjj^ CIiLia^ ^ . ,'n z ~ ' ;’ ir -' •s >’»’J ^aA _^A 

If ja. ,jjjj£jj ia£ jJill ^ (JaVl ^ ls £jjxI jVjJ 250000 JjAij) JjaiSI 

(j-a 4 _iAA*l t Aj^jI ~nM' j AjlLdl CjVI ^ILj oJlc-Luif ^3 5 Lc.ls 

. jLailLaVI Ijl^J l^jjjxi-s 1 33 ^^lll ^JI_jfLi ^a^iSjLswO 
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Venture capitalists 






^3 j)\ a\‘\ t . I ^3 jl ^aA £.Vj}A^9 

j)\ a \\ x tilj ^)J.Lg ^a^£j ^ (j-o _5 ^jjjLill 4_i3 £jJaJ Uj. Vu^n ^jj) uVn .S^jJaaJI 

4(jL<UjVl ‘l x ^~> J)\ A\\ x tlV LgLgJ AjLoLG IjA j! 4-illc. (jLall 

4 " n*\ c^jjjLi]! A-alc. 1 g l^y'nuj AjuLuJ! ^Aj 

^Jc- tiJj£^)jai ^jjVi ^ic. U^ -0 ^ (JJ. w )-«^LuaaII . ^g-Ic-l CjI^jIju ^jj^)^Tnn^\l (_^Aj 

^-3 ^aA (_£.Laj ^3 (jJ-alxJI ^jjjLill 4_ix_uJa (JauIj A m >o (JjjLoiI 

6-lxJjowi ^J^.1 4‘*^g ^1 (illiA ClljlS 13] Uu3 j 4 jLoJJjujVI CjIjIc. j 4^al*-II 4 . lUjUnl j 

(j! c^^joiI IJlc.^ U^ 2 *-? 6 ^A AjLqC. (^_jx jjujj ^3j (Jjj-<u3 

A^jaaJl L5 Jc. 4_Jlc. dj\ }\W)A Cljli ,jj£j 



o -1 



.UM 



People 

1 ^ajjVIj (JLaII 4j_jLiJaAll dllc« x> 

<jc. t/*^ n 4 j jl x>ax3l Cjl^^jaJI ^j]i 4 A jjSlI jjl\ ^J] SiLjaVLj .^aix-llj IAjLgjIxJ 
£-a ^c.Ijjj j ci-^-) CjI 3 ^allaVI <illoJ 

Cy* J . Ia j» J a3 -liSJJ ^3 l^jj.^3 ^lc« 4-hVI j 1 xJaa j IgjJaxJ 

^alxlil ^aA jl ^jLlJ ^A A^^ull] ^ILolaJI (JJjoujj djlsa-al ^^3 o.l)2k.ll ^LluiVI 

^ j l aVv^k^ ^)-c ^al ^.xaiI l^jjl*jj (jl j 4 

(.J-aC' t— il^Al ^J*^J 4 CjIj.wMI ^.LjjI (JjlVill j 

.6^)JjS Jl^sl ^^3 j Aj^jI Vlti <jJaall ^^A 6.Vl3^,\l Cljlia-al j>JI 



^aC-«ll AdSljJaj A_l^.^)L^. 6^)1 jj ^jC« 4**^ \Uk\ 

.(Chief Executive Officer - CEO) 

^ ^>u*j CjLiIaxJI ^ ^ UJ^ u' c . ^>J (j-ra^.x-ull liA 

^SS Is JJ J>i l (jl J 4^IiS^)JaJ ^LaUI ^5^ c ^ jj 4 p\x 'I 

.AjSljJaj ^jC- I^JJ ^.LjjI lx>g x> I^A 
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Due diligence 



Aii^l! 



(Jj^Jjuj 4 jjJajjLlA A^jil! jjA, W**Dua\ 1 j^al ^ > uV 1 j! ja .Ixj 

6£.Ij±Aj AjLxHujV 1 ^jjjla jC- ^aJaxI! L-aLk Ijlilkl jll (VC S ) jjjj' x>>a11 

^3 jjjVnj jjlLuiJj c JjaI^-a (jjjla jc- ^'IjiA.Vl dl!s.!jj 4.^.x*r a Ja jj-^Lijj 
^LgA^JIuia]! A JMI j ^aI*JI S j3 Ja ij-^Liil c^ili ^ J£ . CIj! jajjaI! j CjIcI a‘WV1 

fijljC* JA ©^jALa^ AlaA^Jlj £.1 J^LM I.AA U_fljXJ .A^jill jj A^ATma!! JAal A t\*)V 1 j 

1 ^*iar jjh ^9 oik AlxpJl Aj.1aC. (. — LLlAIi J3 j . ^AxaLlLujI La (J^, (." iIa^ Jiil iIaIaxa A_ij ijjlS 
"^AjoiJ JJC-" ^Lllajl J c. (J jj-^^Al jIj ^9 jLill i— jl ^ I^jj^j ClujL^.1 (JjIjj jc. 

. dll g j *vj t-JiV! _jl CIiLIa c. fll^j ^3 ^.AxJb ^ jLaLaI jjaua j c. 

^aixll AjLia jc, jj^Sjj jJIajJjII jjj j\ a^saSI J jjj "Ala.jr^ll" Aj1aC» jj 
lg*‘i JLxa c > i*nj ^jll jIaIAaII j aIU. jJLTu 13 Laj cA^jaill ^9 Jl^JI 

Ia£ .IjJiIa ^.LaIxII s-Ij! jC- A Joj.rvll Aj\a,C» s-Ij! C- fll'.\Aj Sjlc-j . AjIax SI ^a-ilj J^LA 
O-UIJ C‘ l\* 9 131 aj i AjjIjJ^ia'I A^jaill jc« (J jaij jl A^juil! jaujjJ .Vv4a11 ja AjI 
A_ia1x 11 Aj^jnl j4jo>V1 J j SjIjVLj 6^c.Luaa1I CjL/L^a J JLJI J 

J (Jj^IjjI! j LgjL^taJ J^al jj j! ^-iLIajj Tn^j Aij-ill $.Uj J J cAjjLaill j 
t a jlal A aH j jljill 3 LAj! AjjjjjJa A J'ij'vit jli tAjl^-il! ^9j . (JLaII ^alLc« 
^jl L^j3 Aj^aj A J*aVi\l ^Jj (Jja-a jll A^l^ C1 jIj^)^j d jlc> ^) aTu.ua Hi 

ilA^Al ^Aj ^)J a\ Aa\I (Ja ^C._jJLj^ A \\x a ^jLaTujj! o j)]^iA Clul^ lij Iaj3 

. J-k-iafiV I ^LaJJjoiV I ^jl Jj ^)au^a3! ^x ja'N <jl jl 

Exit route &J* 

(jl J JJJ Alailj AjJ^ AaiflJ A^Jjoi J VLq ^JJjAAUAj (Jjill (j-G V 

lil dll A xuaA 6Jjil 6(JiVI iA^^)jalJl u -0 ^ 

Jj a .^JI^aI ^L^.jjjai! aDLA ^ja i^Aj ^)Al ^ J Ja ^ Ji 

: UJ^ U' u^3 C 

.^)Al 1 Jj a£ J ail! Aa^aUJ! (u11a^_uj! ^_1J • 
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j)l a U-> m-> -a La& il jViml jl ^LaAjl) (_£^a.l T£jAu (_)i3 (jxs T£jbJI f.ljjoi • 

. (i il-arll (jjjil 

. (jailill >.-^\xig ml £JJ ^Aajj t^g_uiVI jjjai ^2 • 

4 -\ >ind T£^joi]I jjj£ Tila. ^3 4 i£.a.n j)_j£j o^ftl 0 ^)_j£Aa 3I ebjoVI (J£ 

Jj -Cluiilb ?li& t"l,Kjni ^la : jA b& (JljxLI ,jli lAgJj tig'll % jliaj lgj_yajj 
(RctUm jl -afl i »tV I Ajlx. c_)l m*t ^_ya^xl tlia. “Vag-a t^^Ta ^-d£ j)ls t(jJ^-aTlm<nll 

ROI % 1 00 Tim T^uall sijj % 1 00 :On Investment - ROI) 
dul£ jJ tROI %50 diljiuj pj ^ sjUj %200 j t<imll 

.^^le-VI i _ s A jgaVU TalLuoll 4 i-n£ll 



Funding stages 



J*l>« 



^ic. !)L-al t"ll».->^ A3 T£^>ii]l j)j£j LaAic. 4jjLi=ua]l ClA£jbJI j-nTlm"l 

- a n ^)]1 (Jjj^)iil t" l-nAVlml j t Ja*J1 4 1t\ Cj J t jLciiimV 1 CllV-Jj^aj (_pa*J 

Jj^oi J t(First -round finance) J jVI T1 jgJL Jj^abl Iaa 3 . J**!] 
Clljbu IaIj . 4 } 1-s jjglLLa <£bj (jjjLa l Lmaj jjJJ oAIc- j)_j£jj t jV 1 <ia.^a]l 

tb^b jl (jjTlm J>la. t ~»g mV I jjjjui T£jb]l j*J jbj t Ala. J£jAj j_jxVI j* J-n-N 
^liaj A3 T£jai]l (jl £-a .4-lia. (jjTLo 3 0 — 1 0 4-lLa*JI sift jAj jjl i_ia_ij .till jim 
TijjoJl 4_lic- (_gU-ij La lAAj t-TLa-j^ll oAA ^J1 ^sLial (Jjj-aj ^^Jl 

.(Melzznine financing) Libl 



Corporate partners jjAabAll flSj^tll 3.4.13 

t(_gja.VI ClA£jjaJI jA oAjAaJI tili£jAi (Jj_jaiI jaVI ^m-ji^ll jAma-all 
t(_^l) a-LLaC. jj_jj j£j A3 «-Vj& (jl . Jjli£j (j-a ^>a£l CjI£jjoi SaIc. j)j£jj 

L^jiia tilLaJ V TljgaJI TilAill Clll£jjai ; -,b» -a J Vj t^jila UJjLTj c^idl 
jjjlaj ^ aIac-Lou] All T£jjjoi ^iaa i as ojjj^JiI cjl£jjoJI jjli lil •^jVI ^LVI 
.(Co-development deals) tiljiLLI jjjLlII t_sj*j TAa*j LLa. _pia 
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AjLqC> ^9 ^aA-^LaiJ gl g£-aJ l.ljJUJ ctlLaJ tiljV AJL^JI &^A (jjAjiiuiJjul ^a£j] 



. g^J-a Cli 9 gJ ^Jjg Cljljjaj (J'N.'La ^ic- 4 ^ 4 ajVI 



100 50 


AjjS Sfljj 


50 100 












1 


» ig jj ijA Sjlj) 


1 






1 


fjMuJi\ ^ukiil kjtji (SAB) 

S-i jliijl JUc-Vl 

JJ 5 .»■■>■ ,tl ( t> f, l)v l <1 ..,?, 


1 






1 


1 






1 


1 






1 


LjlSgAl °S\ j*m 

£< i. .J ■ -|1 ^ 

uuull j ClbtJM 


1 






1 


1 






1 










ZD 














1 


i )iia 4j >1 mu ;laj ,'ya sulauia 










d jAlia ujjLkJ ga AjI^jIa 


1 






1 = 


gg— ul jji AjIajIs 


1 






1 


sjja^j Jjjls 











J Young, Aj ^li ^uia] q^Ia .AjjuaJI AJUj]| CjIAjJu ijh (jjt Ilfljj IjL» ^jj : 4. 1 3 (JJLuJI 

AouuaJI o JJaLLa (Jjl£gudJ j (jLuall) JLaII g-ulj ^JjLuxa g jaTuoa g-a £■ j^J ErnCSt 

jl jS AamjLui) gg£j AjjjaJI Aj tVtll ^ A n» 4 gl A_a 9 la-uajl (gj-ajl) 

gjj n*j gj^li AjjIaII A u*nll £a JWiatt JjaaJI JgL ij^il nj .^IjoJI ^ic- I^jla jIajVI jl 

.A ag a Aa^UIl diA 



La£ . lg.^.\ I aj V <^11 A jW ill Alnll jl dil jI^aII gjg 9 .\)q Wi 9 Cul Lol 

A_l^,gA ^9 Ajgjgjoill L-)gl gjg^-jg gg-alsiiig gglgAJ 1 — fl^uj gj.^ V’iaII S-l^g-udll g! 
C-l^gjoJ! gj ;ljgAg^. j .(Ia^. S.vi» a j gu£ (J^ A_ 3 .\£la gj£j gl g^-oJ ^lil) 
t Jgl j-<JI j (Jj^aLaII ^ic- (J>.^vs‘l Clljl . (JxoC. j gjlxJA gJJ jL^jl gC. SgljC* ^aA (JJ.W*ia \1 
CjLujjj]! g-a Aa 1 i^_a ^4 gjl c*JliAj . o AaA^. CllL^.j!iiA jl 0 -olgj ^ic. gjln^'sj ^aA j 



plg-uJ ^gij ^AjoiSI £.lgjo) (JjA tiaJjuu!! £^jal]l gA ^jlgL (jj. W*1 a\ 1 £.l£gjji]l (jjj£J 
if* ts* (JjA^IaII ^l£g-udll L^.ic» c. ,i^.,ij *UsYl (jl t\ a\c. .A^gjoJI 

La^J 6 (jg^l-ajujl gll (jgJgl x^*a\ 1 LgAC- C ,l?a...l.j ^lill ^-1-lJalVI tgjiAAA (J£j^Jj tA_£jLalA 

aAA (JS i41“ia'i A_Lla dllSgui (jl ciljl £jJaJ gl c^ljlc- ^4. 13) (J^joJLj ^jJaj-o gA 

^ (J Ji.^vs\l (JSUaLA AjL^IuJ l^j -0 Ul C^ILj V AliUll cilj£gjuJ dul^ lilj t^LiiolVI 
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a^jjaiCall yz£~ ajLjll jJNi. j^a 1 q-^V jjj^auil ^ y& p l_a. jld ^jLiio) . ^_]j $aA\ 

. ( ! Cj J&i 4 j)\ J CjLj I 31 t AS^)jjall i JA £9 Jj l_ul 



Grants 



AjjUII ^IaJI 4 . 4.13 



ac.^llj 4 _iaiJ> 1£Y1 djla^YI J jjj ^gjll diYtSjll ^ j9j tjU^-Yl (j>>»; ^ 
t _ 5 -ajfL=Jl jjfLl La IJlc. (jSlj .Idajl AjjoaJI AdSlSI Cjl£^uj Ajjjpj 

4_liilJI 4X.1 ' . .n jjj • (S M ES) ji’N'vlt “Oslioj j!La jt a^)J a ksi £JjLLa ^L_l 
jLiliuiVl jjl& j£jjj J ‘Ac. j^uJ jj£jj ‘AiJaj j^A j tAS^ja-ail ^Ic. jfijjj AjjJaJI 
(Jla-a Uj!& 1 (jj tiih3£ ,4_uai]lj 4 ja1*JI 4ji Vill Ailij j_gi <-J^>il3 (jx_^a]l 

jjjall ^3 JSC. (J£ _ja!i j_£31l Lj^jaj iS ^L-ajiY I (JLa-all _j&j t4 *v ..niLl AjliaJI 

lic-l a' -y \ el^uill ^^ic. "a -lid l^jt ^Jc. l$-J] j 3i 'n 4 _ia1*JI 4 iYNI jl_3 131 .jj^LaJI 

. CllLa jSLJI LS jl_La j ^ j-s /in i ^ h*\‘i ^gJb j i L jL-dlSl j 

.\)3n>n (jl (jS-aJ aJj^i. 4jjji». 4_uii] ^^ajSLaJI e-lLj j^j (_£.il 13 a (J£ 

I td^dj I3 a^ iAxuidl djl^^dil L '] ^ 

ja j .(Technology Transfer Scheme) ^JLLlidl jjjLsII ^co • 

Yd 4 'J» ^ Aafixa jlji I joiLU 4 r.l 'i l ^ill ~'' SJjLa-a ^3 ^jL 

fJJI ' g ;3 jV' . ,.l jjJallaSI lgj3 jiC.Jj Jaa3 4 \'U ljLi^.1 .(_£ja.YI (ja 

.aLalxll j 

(National and International aJ jLI j ygL jji j ^ • 

J AjiaiSI “LjjljjaJI J«J a! jU-o ^ j .Coordination Efforts 

i a jl ^_1 c- a Aa!l«-a]l diLlaJaa-LI ^uaxj <^2Li& . Li3I^)xa. 3 filaAll 

.CiijjjYl Jj^ll (jjj ajUUI jjjlaj CiV'd Eureka Jla 

dlGjS-slI ^C-Jj .AjjjliJI 4 iVq'iiL AsLLdl dll 3 4 .a».>lU j )]I 4 j'WMI j^jjll • 

j^i C )' g -s JJ 4 ^ill (JLaC.!)U 4 ..u.>lUJ 2yat.JJ aAdLall dlLY jll j Ljjjl ^ 

.^jhyW ^J^jLLa iJlLa AjjJaJI 4 j Vhll JLa-o 
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jl ^alxJI Jlalj! Ac-ljaiil 0 aI jJ! &A A c“ ih j . A.n£ill (JISjjI 0 aI • 

jAjJj 6 ^Lj^}aVI ^A ^Aill ^Ijjljj 4 ^jUall (JJ^jalll AjLaL^J! 

S^jL^aj ^jjaL^,l ^jVl u«^l ^3 A nflMl JUlijl lajI^a (jj\ 

.^jUaJI (jjjJI (JjJaaVI J}J^)ia3l aLsa] (^G’ jASl \x -VJ Iaa 

4 Small Company Support Scheme ^a jj • 

U* Lc« ^j^jLabo &aaj .£.w“ia'I a^IaaI! ^ .SPUR j SMART £j_jLoia£ 

.6^)jalljA A_iA &AC.LaaJ x^all CaIS jJJI SAC«Luia] 

Jj- A 1 Alii. Jj JjA &AC- ^3 aIjIaa ^j^jLolc c£JLaAj 

jU^.VI ajJIc. u^j 4(_£^^.l C5^i U 0 ciAsISaII &aa ^ic- 
dAA LAjl^jjJal! SaIj^ Ia^V ^j£aj^ (Jl ^ oVI fiAA SaI»C«V t^5liA 

cajaaj] I a] ciil^jjii! 

6djlS^*il! <ja 6^)Jj£ Ac. ja^a (JjaA (jl A-Ia^^^'I ^jaII ^ja aa*J ^jSaj 

^)-jjTiill A3A£Jjoia AqjV^ ^3 SA^^.ja <AajI£ Ia| Aj-aL^.j 

^ LiliL-aj c 6 .w**ia'I a£ 1 aa 1 ! ^3 ^a aIj^aII (JjJaLiAlIj 

"dj ^ 3 JdAJ <^11 a ^jji grVixtll SAajjla A^^joJ! CajI£ til IajaC. j .LllLLjj 

.<j|jull Aja Aaluj AjAL-a!i3l 

a,i.*A 111 j ^Ji\ ^Jj-ui 5.4.13 

The stock market & biotechnology 

A-olc- c> J j*Vl ^ J j^i^\ (Established) 5^1 jll cjI£ jjill ^jIaj 

^j^xjJa^A S^jojIajoi (.‘‘n's ^jaVI ^jC« (JjAaII 

Aj Ai^U! aAgA ^lx_l! JjjaJI (jj (jC- AjLa ^-uiVI £-AJ AjluAaa 

£-1a] Aii3A Jajl^jJal LuJaL^ (j-3^ ^ ” \) ^ (Jj^aIiI! IaIaJ A ^1*1% a 

.(jjjlj]| (ja o^ujIajoJ! j! CjI^^joJI 

jjL Q* ^a ^1 Ia aajjjIS (jjL* (Shareholders) 

^-uJI {JaL^. Uu 3 6-^tjj (JC* c**vWTi A^jJJI i“ )\ )f) < \ (Ja AjA*JI (jlj cA£^)jiJI (JjSLaa 
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A t ' n*l l-aj .A^jjaill <.41 .a I (j^s A qjq-\ \L j& (jl 1 g ‘ui ljljJC.1 

(ji J (aUj jkjt) (Board of Directors) AjjtaVI 'j^ u' 

aj ^'Vnuxill Cjl^sJ 1 jl^c- j£lj ilgJLoC.1 ^ V- aSjJoII 4_LuLi_<i I 

a jlijmlt 1 g ~l4.aj £3 iaa ( _gA (j-a I.1AC. J-aiJ t <l>,.i.jj^)]l 

ajljj Ajq;4 ^gifr 



ft ja 2I i_iLuaSV ^Lvlll djV-i*-a j 4aa> J jaUI fljtl&llt :2 — 13 Jj-iaJI 



(%) ^lal!! Jjjua 


JjilwoAll ijAjl\ 
(ditji«i) 


A S !<!1 

($xl 0 6 ) *!j*jJll 


42a ,j4& 


65 


3 


3.5 


< aA^Jt •. at /j'iSI 


60 


1 


5 




50 


1 


7 


a j) 3-a 11 c.I_iajS]I 


50 


1 


6 


(J 43 j3-»^ll 

cSJO ^ 1 




r 




r 


10 


Aj^)J^)jalll L_lj\- 2 all 

(J jV 1 JjUl — 


25 < 




5 { 




10 


Aj^)J^)jalll L_lj\- 2 all 
^ - 




V 




V 


140 


Aj^)J^)jalll L-ljL^lil 

c^Uill jjUl - 


50 


11 


181.5 


^ 1 £J 1 ^^a^_a!1 



J^aaJ) .(2.13 J 1.13 jiai!) fljlil jjjiajj i_iLua£l AjlaC- J^Li. 42a. , ja!I :1 JjjsxJI (!) 
j>“lajJ! Jj*-a :4 .4laj^>J! aAgJ ^JjxJluuJ! :3 .,_j£jjjiV! jVjiilj 4ii£J! :2 

CjISjjj aifr Merlin 4laui!^$j gjlii!! a lifc <**tw .v\ : j l.<o all qa aI^ja!) .221! 

.1999-1997 



^g . .‘V I “Callis 1 g -a»»it . 1-1 c c^t) AjjjaJI A jYq'ill Afijjuj dj'S 

c^jju li&j . .lia. (J^iluJ *J°" I[[I/ ' Igit (jjjj (jl ^gic- c(a^)ai!lal] A.-yt.Ti.dt 
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(JaVi Jc. l$J (jl jl tjyiui SA*J UjL^j Llijai i^lVi-a'i Igjl ta.Wi.all ^La-all 
(jl ^j«j _jA tillLSi .(_£^>i.VI jjjbuall L >° l-^E- jl tAjjJ^jail! t_ijLdiil Ai^j<9 ^gS 

(j£> (jl (J Jiil (jjxLs^ail 4_Iaaj)l_jJ <3. *1 a 4 ^jjjo]I (JLaC.1 < LaaaJ a Jjoij t^ll'I-a'l Afjdll 

(j-a ?. jaa .4-nUlj 4_ulxajSJ! i."il^U-i>r-i^ll i— ajj*j ^Sk. Jl Jts. 4<ajL-a l^ja ajUc. 



(jc. jjJj AjlliSl] el^>xiJI (jx Aja.Ja. <c- j^-n ,a pI&JlLjoI t _ llLt'ij A j\-a» II aj& 

4£,jd]l AJC.JJ La (jl ^Jc. I jkil ^jlj t (Jl •s .all ^2 «.I^)A^. ^a^l 4_l3 (jjjj tASJjoill 
i—ta^Jj tjAVill (jju.ily.all jjisi'*. a_l 2 aJ Lafa JjAaJI jjJoj |j& <— (Jjit-a 

^LJI J 1>J J 4 j) jJjailla (J^aLauull ^giL A-lj jj\l jl J j! A£^)jaJI c- I J-l* £jj JJ (jl 

AjLo^J ^A I ^A (J£ . I ^A j 4 ^-iJaLall (JLf-l^l CLiIAIL^-a] j! ^a^C- j)A 

. (JjAaII AaLc. 



C-JljJlC. ^_iall jl^^jall cilLiA . \A jp ^A (jjl J 6 

V (jl JJOiVI ^.1 (Jj^jaull (jjj .(2.13 (JjA^Jl) C*3 j£^)ja (J^jajj j)l (j^AJ 

Jajl jjJs l^da JS1 j)V lilljj i(_£^)i.Vl (jjljjoiVI (j-a (Si (J A^JiJI (Jjy nil Jut-1 

Ajliii]l dll j! aVl . «LU (jjljajiVI ai& ■AuiLaaa jjl j^a J. Jl ^Jcj .LLlls A ql’jy -a jjjLui.}_j 
.A ,ag A -.g i_n dlliLtia.1 iilliA (jl Vj <— kitdajj (_£ jii AjjdaJI 



Jjj^ii AJLinil diiSjd Jj 6.4.13 

Valuing biotechnology companies 

£-lii dul . tiliSijd j)-a ^-uil £JJ jjjja (jE. (j^aLiJI j jalaJI (Jj_^aj]l JL 

(jl£ I jl ? (LLa^uil <aj 3 La (j£Jl j . (Jj_^aj ,Jc- (Jj|t^»*'»ll (JjlLa jLiJI j ya I f. J. 

jl %5 jluLiui I^A (jl lJ^-3 c A.iiak (jjJ^^Lo 4 clljliaC-V ^*lLai-o Lo ^j-a^-iuo 

80 (_£ ClljlS I jj 1 -ojSj t<^^jiSI A-oj3 ( ^£' AxiixJ ? c£1jS> Jjoi jpa %95 
.1^. ^-0 ^J*N A^all (JSjuJIj l4*'l < V Jjo) 1 j)l^ Aj1c«J . Aj W j)^lL<i 4.2 jl 

tt-jljSlI liA jUaJ ^ jL^. ^A Lq A^jjoJ J Ai. 4 i^> (J„u^alij j|j 

1 jl jl£aVI (j^axj .AjjaiU 6 A<L_j!a jj V 

V j cdjL^jIlxc V j ^(jl-f^ ^3-^ J 4 (jjAj ill i^y** ) jl 4^-1 jj^.VI C1jI^I^)j 
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4-x-a^)3 ^A 6^A ^3 ^C-Ual! (J-gIxII . J^jLoi (J*n >m Vj 6 *Luujjjj-g 0-gI^)J 

C1jL^_^.j aJLolg ^^A Aj]1*g 1WV1 a^A (jjj tlj^L^j jl lj^lc» (JjVI dWjliI*G Jjia] 6 ^)jjS 
. tiiliSl 4_^.^),^J I aJ^^joLluj (jli 4_ilc-j . 



40 lg-a3j ^ j jjoj 4-3 Sj^il s.i^.1 j!Lg L<a.iic. • 

(J^Lk ^G Ifrla.ft li^-^GJ J-G ^3 (jjVn<GJ Lg-I^Ixu-g 



l^jLl^a‘u.u j ^jlg_i3l L^S^A (Jj-saj Lg-I^C- 4 xijql LbLui^. 

j! 6 ^^£j^gI jV jj 550 j a£jjoJ! £_ij j& t^li^A (jjfLa . ijil.Vn^ 

n > 

Ajli^ A u^i A^jjoi] 1 g annul SJLjJlsJI <j-g <Loi1uj ^u/il (j! 

. cilli J Lg-^'^Vnn fi^piU 1 g n^Vi J Luigi Lg3j liA i4jlnnu» 
ijlxll (> _5^ c ' 0^1^ ^»1 g3 J Jj (J Jj^a jll aJLgI^Ij 11a L_ljjJal <il]i Ixi 

"o-l" J)\ k ^ (JI^-g^I (jai&j J)\ k 4j <iijl^-Glj ^x3j!Lg]| 



.A^^)joi]I 4_aj 3 ^A ^cjlill (Jj5n*ij tAjj-G^ll S^aall 






<alx-G]l ^-ujVI Jic. ^^a (jji ,5 ^gIc. (iiiijjai dul£ li] • 

J . Ig-J 4jt3iJ ^>*-ui]lj ljj^)X^1 < G (Outstanding) 

^A liAj c^g_uJI ^)xjoi _La ^_iA i t nun <ilj£^)jai *Lgj3 ^3 ^^.LLg (jliiis liA 
^-Ui-G I ^-ujVI “^-3^ uj c4H -<i -^ C 'V^ (J^ ^-3 L_UjjJI 

. A \ \X A 4-C-l 4-GJ3 (^j-G 



Who needs management? ?Sjb) c> 5.13 

^j.u < g V i \ua ^a Lg3 . (Ja^aII I3a JXk 6 ^c« 6^j! jV I 4 <gK 

-l^JI I^A ^^gaLoi-gJI 

Aulc- ^A Lo-g ^A ^3 lIjLiIaxJI 4>al •f-kxJra ^jJjolg ^jjj 

50 — 30 (jl c ><a ' a£^)joJ jjj <c- j^\xi 

^ 100 (J-« Jj (jl (j-Gj 18 
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CjU. jVbJ 3* Az jl ^ J)4 ball ^ g * \X >a ~y J cCljl^jjal 

3 ^ Lajjj 6 Ai.W'ill 3 ^ 3 ^ ^lc< I^A dj lj«la 3 ^^ V . 3 ^ 1 * j\l l g xJraa ,11 O^lc. 

.1.1a 4_^La ^lz L_iaj dlli£ .L-JjjjjII j ^jhnlt 3^3^ 



3 * Jaa 0 ^ 3 ^ »-iaL*jdil L >^ 3 ^5^ ^^ 3 *^ (Jj 3 -aJ -IdixJ 

La J^a djl^)l_jill lajj ^jl ^ i*nj La I la I ^jli cJ-^J V diaJI 

(Jx-a 3 4 dj|^l^)i]| dIA ^j-<uJa 3* j 6 4 _I£-uLa]l & 1 A (jL*ij a\aZ 

. ^I'viH JaaJI dlli ^ s-Lalxl! 

0 -alj 3 J (^Jjjuoij J jvJaiJ 4 jq,v^ 33 ^ 3 *^ 3 jjL! — Ai^la-c »J J ] <J! 

(jl <33^.! LLialj 63^1!! llA I j>.a*. 1 j ^jt LLial *Lal*l] 3^^3 ■alh.d l 3 IiaL ^*alc. 
llA zl\a 3] . l^jjllj 3^33*] L^ajA^aa <^jjoj]I 3-° 3-aajai ^llaHuilj I ^Lkj 

<ULL 9 S3I1J ^Jj liiiaj 3^ C1 jIS^)juJI (jjj * 4 ^ 3 ^) $.lJ 3lka 3A L_u^ai<a]l 

J! j-oV I 3^ I j iLj^la Ij 3 j laL 3^j^V I • l5 j ^ j La Lille' 

3-^ $-3a£ ^■\)'> S3I1I 3^ 3jjdiLauJI 1** ^ \ c ^ iun ^a tl^Aj . (Jjial! 3^1 (Jj 3 
• AgJI^-al 3I1SA] 3;!^ (JLa!ial dlllA llA 33IJ3 cA^^joJI 3 ^ 3 ^ 

^5^ 3j^3*~^ q l^JUa* «fcg j\c> S3 liVI 3^3sj 3I LLial s.Lal*JI 3^uxjaj 

DIA3 . ^-alc. ^ic, 63^1^1 > till 3I1SL 3j3*dd \x dlli 3V j 

:c_jLbajl ^lallJu 



3 SJ ^S 4 £ 3 *i]! 3 jjJjoiIj (_J ^3 — ( 3 I % 3 ^ajAufl 3 j^ij V ^_jl • 

j\ tLajji-a 3 _^IaJ 3-0 dlliA 3 ^J ^]j • < SA C ' ^ 3 ^*>J* *i\t ^Jdl p^gjui ( 3 I d 5 LlA 

. J^*J! (3-^3^ ^Lal*J! ^^“unj 

A jx>lc» Jaj)J^a^ b^Z 3^ ^ ^k^Llll <^ 3 jui!I 33^-^ 3' ^ } 3 joj] Ajj • 

33 ^ 3-^11 3 aJj 433 -^^-^^ ^-jj c**^ x>> j l_jIj-ujV t A A 1 V 13 

• (j 
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(Ja*j jl Ju jl ILj a jj* A^jjui ^ic* & jLaJjaill .1^.1 j j£-aJ V • 

(JJ j9 cilliA jjfL jl L-.l2kJ .^UJI Jl Ig, L^a jj ^lilil j Ai jjaj aSLLj 



.AjjjjIj£j (JajIj 



Where is management? 



?SjbV> J 1.5.13 



Jjil c, qLi^a ^Jj A^L^j cilili . A \x j.si A Ag a AjjujLIa ajl .ij -ll^jj j] 

(. j -Ltfllill jj.1aSI dllLlljj 4 \ j\ar 'I ajI^VI j]j .A^jjoi13 (J^.Ija]I ^9 (jAill 

(JaC* ^3 Lic*l jj Ij.ll9 jjfiJ (jl i J-^3 jj^Jo ja o^jjixj Ajuili A^jjoJ 
Lo AijJLA ^Jc* J 6 JJjlLj]l A^J^J A_1AjuJJ AjKjA .Ij^j jj.ll (J-aJtil l.ixIiulAJ 

j£L La (J£ (Jjj*j Aili L 400 dlli A^jjoi ^Lc* jj.1a La I .A^jjaill ^3 c“lWj 

jj^A t Ajl J JJOIaJI J JJjtifcl! ^Uili ^Jc* j£jJ Ia.IIJ 6(J^3J^A ^Jj LlJjflJ fijLc*! 

aSjjoJI CIjjjS I aKj . JU^aII ^3 s-IaIxLI jjjj Ajjj tCliliJa S.iC* jA 

.(Jill (j-o jj£I 1.11c* (JajolIj i AjKjA (JjJaSlj L^jjJaj jj£I L£j 9 fijl.lV I 



AA^.JA ^3 llA. Al^. (J^ kl\\ A^JjaII I jjlll jjLlI Jill <Jc* tA^JjaJI £ja jJ .liC* 
a1^.ja] 1 JjLi. Lgjljij aj1c.IL jii£l jjijfL jjj^.1 Jl (JL^-aII I j*\ tti^j jl La 
A^JjaII j J)i ja n jjLlI (__)-al^JaiV I AJjaLaVI ClIjLJI 1^.1 jlj .AL^jUl 
jj£I ^aLiIa (Jj-jf-Jul ^jjLa jkl j<oA fcri CllljLg_AJ ^jljja Jl.\n J v^j ^ 1 a ^IaS^jjca 






6 jJatlLall j 6 JAxHaII CIiLa^-aII 6.1A ^1^1 jjUll (j-a^-iaJ! jj 

tiij j.19 ^ ic* iu^. jJI (JJ^llI jli 6 II ^9 La£ . A \X x^-a 4 Ag A Ajjujli jjai (Jjjuaij 

.ILLui (J-a*JI I^j C1ia 9 ^9 cililj CliiL iS^ (jjLaJI <.A\y jA (J-axJI I^_j ^Li^ll 
Aiallll aJj^juiaII c-^Waj jl) ^Aj-^L^. a_iaaI jj (_£«iiiij]l ^jAaIIj 

Aj^ii AiiiUi dii^jjii c jjjiijiij.n ^.IjaaJi ^jijj .^i ~n \) (Ja*j a£ j^ii 

^JjL^Jjqjl ^ j ^LJI A_l^. JJ J 6 jIjVI ^ ^JJJ^. jj^j J 6 6^»1*JA j}A tAjallill 

jj . j j«l!l I La c jar \\ ^Ia jJ A£ jjill Aj jl jV I A n^JI L_fl jLi-a j A^LaJ 

^jLLIojVI ^L^aj V LaS .jj^ll I La (JjaJ S-ilc* ^]UI cjAj^ V diaJI 
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La£ ^IjLj (_>“^ La (J^tn la aCI ^ijj 

j f ] . .i ~s LcJll *A_^. tjj)>^>^\l jjjJa ^jc. JLaS3 4jjtLa]l ^ jl V 1 !' (J^utllj a jj'N 11 jjl 

.lAiswj CialSi (jj^J V (JLoC.VI ojCI J 



Cjjja. Ciisj (CEO) (_g.1;Vn A .alt Cjljlili.Vt (j^ij-s Vi (jfLaJ 

I Jtillj AjjjjLj 

a 1 ^ sJjS ^l£ab Ja .(The nature test) Nature a!^ jUial - 
J (j^LuiV' (jV h-ii. ^-0 ILa La (S^aj -eLal»JI Nature 

4<ia w4 ]| ojiA sal^al JISL1I (j_j£j V LaJj) . jAaJI ^aiaJ! ^^A Ajjilill 

. A K Li-a sLa jl V] 

o^l j ujj j%j) jj^T^j lJa .(The light bulb test) jli^l 

J Jo*! jjJacLobQ ^_jl (Ja 4 J . jjoi£jl lij ^LlA-a-dl ) J J jr ‘ 1 ^ l jJa, j I 

.^■Lia-^aII ^^A-A-aV -1^.1 JJ V J £3 .<£jjajl ^ Jc- AJafllrv^all L_JjUa^ 

Jc. 6j^ll <1 jjj jl J .(The cat - herder test) JaJaSlI ^1 j jli£.l 

jjJ'a bdlj — (Jjj jA \a 6 Jjjj La jj . jjdt^-dl s-LoLdl j-a Kz* jAyA ^-Ijiij 

. ^A 4 jj«lajJ Lo-o ^-oLdl 

^Luj c-jaIj jl ^liiill jjAaII j£*j Ja .(The deal test) ASL-all jU ikl 

jl jl l^LnV t j)-a 4JJ3 4 -ia£ JjILc A^jjatl] Jlj-oVI <■ . v'Vv djl_aix-a 

jjj^Vl 4^J jg JVi tilliS cJjj-<ull 4 jLa * \ Ij^. <a^-q Cl^.iA^a.11 dJA Jlq 



.ciL 

4_*lc. <1 jj s-IjGjI ^juaiill jj aaI] j£-^j Ja .(The suit test) < 1 JI jlii^l • 

.AjJj J <ij ^jI jl A\\ k nl jlj 4^_AjL^. Jj AjIj jjJ^Vntl^ll ^USj JdkLuJJJ 
^SjjoJI ^9 LAxJI jSlj-dl j^al /mV I £J-<^ ^Jc. jjjlx-dl o^A j t)Vn 

jjA^J <JjoiU 4^Jjoi ^9 ( JjjJI oljx'l ^aic. Jal9l ^.Laljj jli .6 JJXj-all 

cil^JI L-jl k si\ Ij^-jJajJ jl jl ^Jjljj]l ^ n^n^ll Aj9Ija] jjjJajJa-o ^-ua^jl 

j) • (JJ3^ (J£joiJ aAK.a l^iL^jl jj^J t — fljliajll j-o ^Lii9 jV ^DNA ^ ^ Lo 

. I^_i9 AjcIaII L <i,A^aj JiloJ I JA 
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Ajo)lj]l <j3j£j JUJ 4 (j££ -LSJull jjJjJj jjjll (J^aLkjoiVI Jc. djli c. 

diJIjVI 6 JA ^ 3 jj . jIJVI Sjjjj aJIa]I s_j 1 jV I jA I >^>nVi J£l djJljj Jj 

^jjJaII AJauJ^j jl 4 A^jjuo13 AacIjII AjJiJaAll A^^Jll (Jja 4A£^jjoi 3I ^ Ja. jA Sjlc- 

J£l CjIjIjJ Jl AjaJI dijljj! a£ JJI dijJaj IaKj .ac.IJ diaj J j-iiAlill 

•S J^aj AjU?^ bj)\S)j\-i IaIajaI J£l _j 4^3* \L IaIajaI (Js! j^£j j 4L-aj-aaj 

V agjj i(jAjl\ s.VjA <J 3 a (Jj <^ 3 ljA (jl s-IaUI c^jjj (jl i 

.wM IajJ J-afljUj 1 J3 ^j jJu Lojlj 4 L. \x j^al j^ -*31 ^9 ciLLia (JjtaJ Ja&9 jjaKu.m 

. eluvial jS ^Sjjill jl 

(General management <A*1\ SjbVI 4jJij file. Jl Ija IjjjL 
jA jjj*JI c^IUa j .Jj^aill I 3 a J JiSUi ^ Jll 4 JLiiiki j theory) 
cA£Ji3l ajjjj aS^Ic. J lg xsix \ 4 (JI.~va.1I Ija ^^3 ^JJaII "cjLoijJir'j L_jjill 

. flat II ^Jc- oAaJ*-a 3I o^jjt_k-all 

Directors and others jjjiVlj *'j^' 2.5.13 



(JaC- jlj . A^^joi (JS1 4_Jj| AjjA cilIjA j^flj jl <■ . J j^jlall i ^ Unv j 
Ia (J_^a a JAuiJa jjjlJ Jajj .^ajujI -Lilj ^JjaJ Ia£ 4 Ja.i.jJallj ^A (_Jjll s-VjA 

ClA£^)jai ^9 AjIIaII jjUaall (^a* J jl IaIc. 4Aj fljlll A^^uJI £ JAaI j^AJ Vj j$AJ 
. ^v-alaJI vll j>„al f^_lx-aLlA fl J~Vu J I js-LujI $. J-1a l“ lL>‘>i 
(J^!/ia. jA 4 A^^jaII AJaj^^A Aaj9 *1 jJaII ^VjA ^ fliLaJ jl ^vj 

jjj V jl i > Tvj IaS .(_£jali3l c-lSillj jj-aJlj &^)JaJlj jj>VI jA ClaVlj^a^V I 

jj-aia y L_UjaJI I.J j 4(_^.Jjlll JJAaII 6-lijJ Ia JSJ ^^-<^.^1 J.,Wa!lll jA ^Ajj^ 
JIa^Ij LjjI xJoa jli .Ajudij Jj.qj.i3l ^jjJaII ^A AjjIjVI A n^,.ll (Jajj^j j^^J jl 
^ajSI ^llc. (^5 jJjuia Jc. I^_l3 (JaxJI jc. i : '^n IaIIc. jl 41 a J 

^| AijJl ^^A ■‘^Jl 6 -^ eijjlS lj] Iaj3 I J^)*jj ^Jl 2ujbyi AjJI Jj jl Jalijoi 

.^>AJj A^^jjoJI SJc.Laa (Jc« Jtallj (Jaxj l^_jl 
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Alnb, 4_uAI Ajl Sjjj-ojj uiilLaj Ajjadl Cjldjdi ~tl. ^ 

jjaJI gj^ai [Scientific Advisory Borad (SAB)] ; u A k ijljfl 

' g j°i a£jJo 1I ^^dl 4_iddl jj]| j« Ajidl SjJjVI 4 \.'g " j 

jj£j la ^Ldl diVl ^ ^ dAL-aSl dsldlj ^>a jj (_g&j cijjdus 

^gjj djlc-jjjdl AjIjj ,^i <Sjd .13 cJliLall JjJjji ^5^*2 4A/1& Clili 

frfjacl jaj j* ^Aa ^Jjj (Agrochemical export) <^1 jj - j^A 

. t^alla 

Patents and biotechnology AjjoaJl 4 JISjHj £\ joiVl £ilf \ jj 6.13 

.43j*-dl 4 _ ? lc. aJUu*A!i a jj» >AI Cjldjdii] 1.1a. “Ua^-a ClilaljJ j) 

jnS . Vi jjl (jli oa^JJ ^gfc- “d ^dj ^l^)la.l CllL-ajJ Ijjj 

Jx CLlHatdi jli S^liu-a 4djjui Jl 4..U.idIljj .a.ljlVl ^^3 I J5> Jj)Sj>» Ajjajlia ■1 ^)I_jaj_j 
(J^ jjSjxi l.l£Jj ‘td] ‘Ca.llLall lilli (Ja jj'A } JJ^I ^J^ J* j3jJJ J-i>.*.aldd' 
CjIjIAHj jjj.aTun.all JjSj i. in nil l-l^J . Ifrd.lVnal j <djj£La iiJ 3J jg mil 

4 [Intellectual property (IP)] dj£dl dii£La aJusA jn.^v^ 

. J j!ia.VI djlal JJ ■Uas-^La l&jj£ilj 4-aALa “Lijjjla jljad A fiml jj 

JjUaj ^ jLa. S. W'lall £-1 jii.1 Sal JJ Jc- (J jn^rsil 4jl.aC. jj 

4jd ^ya^kAjj S.lC'Lui^j C-_fll^)jaiLjj — ^^lc. 6 . (Jja-a^I! liA 

CjI*I jj £^)dlj c^ljlaVI lij-alj ^liLa^ (jl - ^I^HVI (j^jUij 

(jl (j-a titti (j* (j^al •V juiI lA-lic- .^-lyU-VI 

: A_iS\llSI Ajjlill jjjIx-oI! Jjaaj 

I^jc. ciu^JI jl cl^j (3fuu .(Novelty) • 

.(J^kxA i»*tn 

(jl Lg-g .Lg S^jli l^J (j_^j (jl i-nj .(Utility) a*Vm\1 • 

^ jaIaj Aijlc. A_S (jj^d (jl LajIj Ilia. Alj^] (JjjJ AllalSI 
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jiJ L L >aauil c) .(Enablement) • 

. (l.gjjt.lJra ^)lai]! Q^ x .) 

A j\<aar '1 jl \ a\c* .£4_j 3^VI ^i-oj lA-lic- c^)JjIx_a]I a^A i-4 i\)*i jll^.1 lit 

4 jVqMI Jlo Jts.l2k (Jia. J! AjjouIIjj . VLo <■ flK*i j liLijla Ij3j 

c_flj^)su La <^3 ' g x>h* ^ CliLujlij cilLiA 



. S-lc-i^Ll CjLaISAj (Jjj3.A]l L Qx^a^ll ^A ^3 a\\ 

* 

as-I^J Ajl-g-j ^3 Sjlc- ^jJajJ 6C1 jI^)Li*J! (j^a Ajc, ja“\a ^A ^.Lc-^VIj 
ciljlc-jj j)l£ ^3 AjjLa^ «ll^)J ^A La Ja.bJallj 

(j-o JJc. ^Ic. o?.Ijj ^^-Ic. (Jjko^IIj g -\ Y'l > »2 tLolc- 

. \ A=w 4-a$-a Ua dll .aKll 4jtjSi liljla (jli 4_ilc. j .-Ls 3 oA^lj ^^ic. (JjjJ j tiiljjfLal 

(jjj (j-a jl (DNA) 51 (JajoiIj j»C.! (j^i-a* 1 .'! tMlaS 

UjL .lj&* j 2-methybutan-l-ol o* olfcj tjj>^ c> ^ 4l>. 

AjV £-1 jli.V5 ac.l^>J SjjIj o jj^j V i— a jjd jjj£ J£ujj 4-a .J'*®' liSylfrjl (jl£ lij 

?rM*l 2 - methylbutan - 1 — ol 4ddJ jl Mia .Idi*. <jj£j ''J ^ 
. UliSi (_>“2 .liSiUlj ^I.^Vmil (jUj tHljj I .lid. (jjlj Ji (jUa^xall 

i^ic.lj!l^t I daj “^3J (jx j£HI (jjl o^!^)J ^2 (j_j£lai 



jjjl^jll ^ jHall (jj£j Is ijjjaJI £jtij -lldj 4 Jla. f^ki — ^l^jJI ^jai-aJI 

— 0j5jll (_)x3 ^..‘)Aj jl (j,nV'l ^^JXuU _jA 

.aM^I 

4Aj1ax1I dIa ^3 1-1^. l.\)^x> (jl -IiaJl C1 jI^.I^)J Jj£j 1 (j^ - ^ 

. Ajj)\J^^ ^j^c«Lui-q (jl^ ^aUj 



(cjLjtrfrtfl (jkH) :^UI1ujVI 7.13 

Conclusion: jumping the fence 

^,^'n (j-a^-ioJI (jj .SAj, W ^Uij] jjc« IjiA jjj 

6^-C.I a l \kxs * J Lc (J£ (Jjt.,^ Aij^)ia (^5^ (J^a^ja) ^A A£^uj 
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jLaJ (jj .Akii^J ^ic- (J-gxj (jlj ‘ dl j.I^H ^LAS 

D^LaJj (j^-GJj Aj-gAI k. .O^ SI ^jk^j ^Ac. J-g*JI LgI tdiVlx^aiVl j 6^}±kJI 

£ik-aJ V CIiLgK d£tj j|J .(Just do It) -iaia JLaC.] ^ CIjLgIS 

jt^jV ALgC* ^*ujj^a 1I ^Ic. L_L^J Lg ^gic. Uj£j ^3 Ikl CL_llA£ ^ iL^aS 

^JjSjJjgUill (jaUJI AxjiJa ^^ic. dj|^)-G fi^c. ^ J AjjJ^. Gjl^J 

.^•La-ill a \ a \^\ j ^a^Vujj ^il]l a jl^jt '1 ^Ac« j c4_i1a*JIj 

dJbJLaJl dAS^uAI L^J uj 

(j^^JjaUiJ (JJ^xTuaI^G (j-G 6£J-G^JI (jj . A^^udl djLuSdl! ^a ^ull AxJ^JoJI j 

<^a J^j^iu-ua ^iC* Cl i3j AjI Lg£ . A'N^Ij a ))3g xii Ajj^) (jj-lJ^)J CIjLq j<^ j 

^g q\l ^.^jujj (Jda]! dj^l^ (3-a >c*^)11jj .SLi^J! ^^lc> ^a ^ VqMI 

1 \p LjL^j VL^-q I^Jj£j ^-GldLaj AjjjaJl AjlaAll Ac-tL-sa jla c^jjjUI a-gIc. 
(jl AjuI^) aIij Igjj .fiill ^a*JI J!)Lk. 4^>i.l (_£jl^j JLa-a (_jl (JiLa iljiLaj 

. J^udl k*ia (JaYj e.\'>\t <JjLdl alil£-a]l <jjl£-a]j .uMI *l*Jt t."lj% 1 g A-lj 



Further reading AiLi) 1 Ji 8.13 

Southon, M. and C. West. The Beermat Entrepreneur: Turn your 
Good Idea into a Great Business. Harlow: Pearson Education, 2002. 

Robbins, C. From Alchemy to IPO: The Business of Biotechnology. 
New York: Perseus Publishing, 2001. 

Ernst and Young. Beyond Borders: A Global Perspective, 2004 
Biotechnology Report. New York: Ernst and Young, 2004. 

Useful Websites 

Association of the British Pharmaceutical Industry (ABPI), 
<http://www.abpi.org.uk>. 

Bioindustry Association, <http://www.bioindustry.org/index.shtml> 
British Venture Capital Association, <http://www.bvca.co.uk>. 

The Pharmaceutical Research and Manufacturers of America 
(PhRMA), <http://www.phrma.org>. 
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A\ naVt (_>2a Ia^VI 

Amino Acids 



L. Eggeling 


»*»»••»<: ^ 


Research Centre Jiilich, Germany 


LuLall ‘-ijskj jSjx» 


W. Pfefferle 


‘J A*a jA j 


and 


j 


Degussa AG, Germany 


LuLaII Luijijj 


and 


J 


H. Sahm 


j»Lui .—& 


Research Ceutre jiilich, Germany 


LjLall 4 (_)a4jj Cjj^j JSjxj 


Introduction 


gjDI 1.14 



jl£ LaAic. 1908 ^alc- (jUJI ^ Ajn^VI CjI^J 

^ 2 kJI AijiaJ dj\j^£-a ^-Ic. (Dr. K. Ikeda) 1 ■ 

JlLo ^>2kJI dAjjuiC* dll ^jjJa^lLui-d (j-aldll ^xJall ^jj .^Kdp) $.l^)-<ajuJ! 

<*jLi j A-* jLj* ^U*LVI gi ^(Katsuobushi) ^jA \£ j c(Kombu) j£ 

^2kJI 4-ijgjd Aj^dllj 11 Ji^jlt AjLuc. -1*j .(1.14 J£jli]l) (j^LLJI <_£.}] 

(j^aA^ (j^i tjj^-y J ^- 4 ^] jjjSj i -^ j 4j£l 4 (Kelp) 

2 *j JxilSJ'o l ^ 1 ^ 9 . j liiil IxuJa j>kj 3 41 4 (Glutamic acid) - 4 ; 44 
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^t.vs nul AL* Jlaj lillj (jl£ .(Caustic soda) ajjISJI b j.AL -cLL-a 
t>ia-a (Monosodium glutamate) ^jLJ Cjlab^liJI 

si-all ooa Tried Ajinomoto Co. Ltd CjIc Sj^j sjiaj dlb cu . f -.»L>ll 
CjLjj jjJ I j-a 1^1 jc (jjjL jc- LjCc (Monosodium glutamate-MSG) 

. LLaisJI jl LjtAI Clliu j jj (JiLa buliill 




Lf te. j^Jaj L»£ Kombu 9 j>aa Jlaj **^l jc.jc.^1 ji jijjjjVI 1.14 JiCII 

ib, ^ J j*j j .fljill qm j . ^ '■» < » 'A*. ,.j ^jjl .jaCt 4-C.C. Cl jadaaj 

• IJjSj! .til jjjSjJI Alia. t(Ajinomoto) I AaCI . C . ba_ji!l 

Lai iblllc. Cljli 4_lLa*JI oi& (JLLi. 4jj£lLa]l ClU t-odl 4_lnSi (jl li& 

^LLal jjV “ilila CiLabVu.il b (jl£ D,L-glutamate si-al (jjlj-aj^ll (JaLcII j! 

. ( i*Jall jjjli (D-isomer) ^jUidl j±^\ ^jjAji^I! 

(p?. jUJI) UCS jLu 4_CC jij (Logogram) pi jt jill j (Ideogram) pi j£- jjJjV' ^ 
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jjjj Corynebacterium glutamicum — 1 kajjjj^l kij$^a * j>-a 2.14 

^LuiSjV AajIu 1 V- 

(Jj 3 (j ^ 4 'm ^ (Jjc. MSG ^ jjj£L]| jLajVI 

tKyowa Hakko Kogyo ^ Dr. S. Kinoshita j Dr S.Udaka J£ 
(j^aLa^^U Sjjlill kjjg l" \\ kL^}ij CP*UA u>3a f li .1957 ^ 
^5La^H _J-aj Isluij i^ c ' NO. 534 4-a3^ail k]y*JI (jl lajiSilj t A in^VI 
ja^j L-Glutamate Jl jsl j j L-Glutamate jj£ ku.i*-a]l 

jA (j jg -s ^11 (jjliSJI 13 a . i— il£ jjc. (Byoten) (jiijjLJI jj$ yi La-iic. 
<i . n^\ k^^a IjjjSj .(2.14 J14JI) Corynebacterium glutamicum 

(JiLa (_yulla.VI £-a (J3aj .kjjjll ^ya IgJjfr (j5»aj 

k&j^^all Arthrobacter J propionibacterium iSterptomyces 
gi c 5 j^3l' uj kii-a kx*. >a Actinomyectes — !! k& ^a^ Jl 
^I'lVnulj ( _ s -U^sVI gpaAaJ! ^tjjV kj_j3 A*3J ^ j o3a 4 MSG ^IjjJ 
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.E.coli IjJ&j Jlo tjj *. I IjJ&j V jjl ^IaVLJj tillj :i*jj C.ghitamicum 
1970 <iui (Nucleotide) cjlA^jaKjajll j^lai ii411a£ 

IjJ&jJ! jal>b JlP jl .C. glutamicum <> C.ammoniagenes 

^llilljj .ojjlalla j.aV 4 \U l-li-jl ^IliNI 4jl,aC. jjlaJj t4Vn.aH 

.ale- (J5 Lui.i ji-aVll Ac-\ u.o I jala. (jlS 4 in-aV I (jAaLaV^I 4jl&j jjlxj (j]i 

AoSxaSn jjlaoll ^laVudVI 2.14 

Commercial use of amino acids 

^I'lVi (JllLall . 4 q V V ^ (jAal jcN 4 (jkiLaVl/l ^AVn.n 

v _Ji- a £ Glycine j t^j L-Glutamate <J) Ajjliill Atli-all 

4jn,aVl (jAaLaa.Vl ^1 ^I'lV^ “LlN Ajj-all 4£.lju-a]| Lai .(1.14 (JjAaJI) jjL-axll 

jl t4 - j juiLm ^M 4 j 1 (jAaLaa.Vl t (Infusions) <jAjjj 1I (jiaJI /jg& 

(_ 3 jxq tdU& 4 jail .4 .,4 -v (Dietary) 4 i.a-\H 4 -iic-i ^ I g ->15 v 

1 aixll (jl ^lj cdlj ^ i_Ujoi]I AjxJj t4_iilc AljliL-iol5l (_paLaa.yi ^IaVuhV jaafi 

Ljj.^ill (J_j3 1 ale. (JlLa t^^A jAall t^gjl jj~*vH 

ASn^\ (_paLaa.yij IjaaS jj£j tjajliiAl 

i j.i„--j7Ul j (Met) j)jj_jjliuAll iJiLa t 4 jjoiLuiyi 
(3.14) JidL ^aAaj^ Ia& _v .(Lys) 

J ji ■ aixl 4 _ijI Axil 4_aaall ■ L^ajJ t“ n*s 

4 a/al) Jlaa Jia jail 3.14 jLuill 
4 j w «tt Ljaall JjS (jj't.nal 4all jxJl 
jaa jaHall ja» aljltaj V jl 

(Jxajall ^1 AVuhI AAVjj tl j^-a (Ja^jaj Ljjk-iII 
(jl tjjaaSlill t j > I jxiaAall 4 Inal jj LLal£ 
(jji.VI 4nuVl (jAaLaV^I i si . ,W 1 4_jlc. j . (jajjjl'n^ll jLaa (jill xlaAall 4 li . a I jj 
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(j-a jll (jiail ^ja *x£> 10 AiL-iaj <jj . L_kUI 4_Jlx3 

4_±^.j Cy* 160 AiLjaj ^a 4_ac.^j u - 0 *^^ jal 

S A)'ua^\ ^j^aLo^VI (Jjl u] * dLa^ll 4_l^j <j-<a 56 j! (J^3 

L- iuV I ^A Ajjj^J! Ajjljill (Jjj.^1,,^^11 ^Ic. -IaIxj L \\x\\ 

.(Thr) J L-Thrionine L-Lysine <illi ^ <*jjj ^methionine 

(_£ Jj^j l \\c. >\islt.i j! j! <-oC.Jull C-iilc-VI ^ 4-i^.Ull 

Cljli A-ljl dLyLiJaS <la £CJJJ A, ; li)^V 1 (j^aLa^V! (JA <jjl jIa CjIj j£-a ^ic. 

^jjai^All c_alxJ! ( JJL ^ j jUl! (j-c I^jJ)-q (jV (Jsl ^ (_£ a 

.^^lul! dj^hll qa Jlaj La-ft ( u' ^ 3k ~" l 5^ u -0 ^^l.i^Hml ^jjjgj 
(jl c_Sj^x_a]| ^ja . 4jj>JoL&II JjSxll S.Ajj A\\\a^\ ^aL a^.VI 

_^a1j AS\\a^\ ^j^aLa^VI 



3x10 s 

2x10 s 

jUiaVL Ao*i3) 

1 X 10 5 




l- O** 1 ^ 



1957 1982 1991 1998 2003 

A.faMtll 

-oV I joUj-Vi :4. 14 mil 

iLdjVl *‘ij ■ “■ j “■ f J5 Lu^jij 



%10 — 5 4..'m 1A) CjlfijJ 

jii (jjjualt (jli ,<iuJlj 

Jjic. i— SC-L-aJ 

(jlj .(4.14 diljiuj 

. A njA/ I (_p3La^.V I (_p33< J 

4jjiiaJI L-Lysine Jia 

J. 14 Jli io\r. Cjlal_ubl£ 

_jl Jial j .a jjj£ ®4j_) 
11 I JI 4 J ^allaJS! (Jjjailt 
(jjj4ic. tj* JjSL tS-4^ 
. (J^Li. 0^0 



L- i (jjj Jj jiill (JiLa (jjl jjAH ^ 0 * lS ^4jj' ej j^4=> 

‘L-phenylalanine Jj^al'j L-aspartate CjUjU^S/Ij thrionine 



lull 



•Aspartame sLu^t 4jl=eill s^U ^ ^ 

!1a . A llJaVl (jJaLaikVl ^^-41*11 t. _ 4 3— »\1 ellljjJiaj (1.14^ (J j 
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D,L j L-lysine ^ J* <xjI> ‘ JjVl i JiJu L-glutamate Jl jV j 
.j±£ (jjlajj (iSJj (_paUa.VI <jL jfc t- Methionine 



LJla. A^olaJl <j4La^Sn CjLtaSi :1.14 JjlaJI 


^ < ii j I jJI atiAJ* iiV! 


^UjVI AijjJa 
4l4ai4l 


^V! 


jtUjVI ‘UliLia 

(A^jm/ ,jJa^ 


4 ^ ^ j t n^. 


uaVaII 


— L (J>ia^ 

tili-olj _^3 a. 


1200000 


4 \$\cl CljliLx-ial 


uaV1]| 


— L 


600000 


4_iilc. CljliLx-sal 


(_gjl 1A (J^-llVi]! 


(jjjjjliiixi — L tD 


550000 


4_iilc. ClaliL-ial 


^IaVIII 


_ L 


40000 


djliUiai 
A-A^a a jLg 


l sj\y^ ij4i4 




16000 


4 


i^i jj' j4=^ 


ciAjjliul — L 


14000 




uaV1]| 


(jjjVI Jjlija — L 


13000 


Ajjlic. ClliliJal 


^)JaVi11 c Vu J 


(j n“i i n 1 1 n — L 


4500 


2)1 JA fc (JjJAAjaLLul 

4_ljV .W/1 


^)JA Vi tjjA^AuJ 


u“x jl — L 


3500 


4_JjV '\U.rO 


Vual c ^jjaVi 


u4^- J ~ L 


2000 


t4 ]U<a jl^A 
£.Laj 


Vuxil t ^)J aVi 




1500 


jl ja 

A^jV ,\U«0 


jjaVi 


(jlijiiijj — L 


1200 


4_jjV '\u.rO ^a 


VuJ t ^iaVj 


jl — L 


1200 


Cj1.1lia 
4_jjV .lu/a ya 


^j-sa^LVluj! c ^jjaVi 


j 

i 

•g 

*5 


1000 


Ajl^I ^a 


^J-£3^_Viujl t ^jjaVi 




500 
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diljYqM • c3 {jr^ 1 ^) XjjJ cl)^ aLli j AS^lc- tiilLlA 

.L_llia]l SjLlj ^ > jiii* jk Jj (jl S^liS jj£VI 

jjg Vi <jl j . jj£I Laa c^£I i‘* \\ ^tijyi J] ^ jIijuj liA j 

jjujIj-g ^Uj aSL^. Ajilc. cialiljjal^ cL-Lysme cJi^ c4 \ n^VI ^aLA^.VI 
^Jj a^.UJ! ciil^jjlju tillLiA ^jl V] (L-lysine Ljjv^'l cJ_j^ a±^.j 

^1 4 j n^Vl (j^aLo^YI (jj CjIjIjj ^lljj 4 jxt^ i AalxlLo 4 1 

AjJra4A.!Yall jIxjujVI (jl Lo£ .(5.14 (J£joJI^ I ^xjuj (j^A j) (jj£j ^ liliaSj ^CJJJ 



^g& j ' ■ ^ ^ Jj* ^jll 4_iuijJI (J*l^xll jjlj .^lajj (Xilwa* Jljx J.laj 

L-Glutamate ^liiY ojijll ^L^i-alli .4jla-all (jjjmllj ,jjaJ]l j.~u-o* jx^i 

(JfLa (jjjull Jalia J J£l ja£jll jjj Jlxil Jalia i °1"'S. a J j 

Jiiii (jl Lajj . 1 — klii_o £.jj-a J! (jli L- lysine II Jl yyailL 1*1 . liuui j^jlj -iilji 

sj» (j* a J j lilliA (jjj 44-llLajoll l£iy*l ^-3 .la. jj II I .y.I 4**ll*JI (Jj^jj*il 

4_ia.l*iYI j ‘'I ‘-^all alllj Jl ‘ j'^eill 4-iLaC. t J JoljlikJjwul jjaj 4 jaln jl j*£ 

L-lysine 11 4_aiii*ll cjl£Jull jjji tlijJj cj^/lall J£ Jj .Ailaiall lilli J 

4j<;aVI j_jaLa^^U J 1 -^“'ll (jl Aqyi'k li& j .Syill As. 1‘k«o £* 4.1-a ny* 



.4-1*11x11 CjliLal .11*11 j)* JlJlxll £_a jjj.lj j tj*ill (Jia. yit 




10' 10^ 10 3 10 1 10 & 10 e 10 r 

(UyLu Ja) ‘ J ' SJ g~“'V' 



.(j^i ,jVI (_jA (JlyuiVI jiSI J AjjiaVI (jiaLaaiSfl :5.14 Jlaill 
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Production methods and tools 



jrloWl dlji j Jjjla 3.14 



(Glycine) (jjuu^LJI <Jxa ' j*' ; ^ y 4_iiiaL/l ^gaLa^'i I a. ' . _ J y 
D,L- _JI jl (Stereochemical center) ^^4 JLaJ j£j-« ^ l>^ cj' 
.kiLi. J£4 J& dkll Jl dldj cjl j ‘CjjjJI J& is y=y. c 5 ^' Methionine 
diSydl j\±uAj udiid CjUI jjsJI jV (Racemic mixture) y^a^lj 

o-j' J' ^ ^ill (D-amino acid oxidase) D J14 -> ^LJll 
•bjlic. Jliill L J] D-Methionine Jjjd J& (Transaminare) JiJ 

‘ H [Jl-C'll 4.3-a ..J jj dLujjJI ' j I jjja-asdl ^J jjC 4 i4jVq ' ll *Laj jl-ill J 

(J jAaJI) a jj y allLlnSj Jjjadl V o Jllda 4_ilial daLa^-V - dll _jV 

(Precursor) ^odjl d jl j Jjjdill 4 j-a ^Aidda Alijall Lai .(1.14 

jrliiL/ 4jiuLla3l 4Ljall (jlj Ja& • t _j-ajjjVI a_u£j!i]l 4iljla jl dll ijf^ll £-4 (jjlxjllj 
^ j^S~'ll ^LliVI “LijJaj a jj , c 3 dLia^J 4 ijlLull L (jn 4 niiVI ypaLa^VI 

.Luljj -dAig-a LijjSj ^lAdiuiL 

Classical strain development LyiSall Cj)!%ui jjjkil 4jjjliUI jjall 



Regulatory mechanisms 



4. i a nil ujLiSVI 



Jalill dLJI (jV <jll& dll 14^1 A 1 n<aV I (jiaLaSkVI oAIc. LljJ^dl jjj V 

ASnJj ' (_p=iUa.V' a_±£jj J-ao Jb J=aid (Regulatory mechanisms) 

dljlutl JaJjJalL Jljj ((jiij^ill Jj, J"'') A ;l~sll 4. >!.:>. J dj-sj 4 ja 1 dial ojjj-aJ 
Jdl J 1 g ~14 (JaIs }-i ll’N <A]IaA Lajl j 4jn^v | ^aLa^.'i? I ^ya ypajla Aa. jj V J • a— u£ j]l 
(jdua^. ^llin'i J 0 SjaIS Jl Ja All jj uaj alAgjj .4_iiM A il-s II -La.l=a JL] 4_pall 
4diLa]l LljjifSI dVl/Lau (j-a ojjJ AAC- JjliLAaiil IojJ dlLla£j (jja-a JaiI 
^casIjaII oAA c ~~ d 13 .Vi A&] . Alijdlj j il3-i'il' ^1 AVuuIa “CiliaVI (_jiaLa^^U 

:4_illlll a" i\ q i 



(jjd sjU Jdi3 SjU ^ Sil j-Jl SjLJI jl Precursor ' 
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(Undirected mutagenesis) jjiaJI jAkil ! • 

(Phenotype) *l£j' • 

^3^**1 • 

«1*J S^a dilc-l ^al.'l'v.u.J -iUj A Vn^o AJiLai (JjJaSl -lau 

<jjujLia]I aJ^LoJ! ^ic. AjL*Jj i_)£ ^ <£>lui]l Ai^vlljJ o-Aj^I 

^ll£U i_ij^>i=JI CjLiLoc. i . in»iij .(2.14 Jj-laJI) <a2>Ia1I Aic-I n^ill 

^1*31 plaVI Clllj CllV14jaJI (j x Ac. j-a’N <1 (jVI j3jjj i^j&c. "i^c. (JliLi. Cj^s. 1 _ s j 1I 
Jia A^jUH CjV14jai]l (jli te Jj^'u'll jjaU-'\l Cjl jIts l_iauijj 4jl tLalc. . jlluuJI 

Cjljiial! oA .33 j .AjjC-J-all ojilal! ^^3! ^sLiJal Cjl^ila Ljajt J-aij 

AlLaC. i^ya '■ !■»'“' jl jaa\\ ^ jjjjj <23 j£ oili. JJC- (j^alji. Cjlj A A .A^l 

(j^aj tbtjJa 4c.jxul! (jl . ^ (j>>^^> ^JSI j5 . .7 

(_^3^)iJ jil o-lifc j ^_3 jj.a Vill Cjl J j4 1511 3.1*31 o jlj j t loVill 

. AaJllall jj-aVlII o_^i.l (jA (J-4C. 4_pkJj (_gic. j jju^aaJI 



uljikll Ajj^ixaJI uliuall (j^a&Jj (jj^s-aJI j^iaj 


L-Lysine <> fUaxll 
(%) 


Uuall 


4-CiL-JI 


0 


Lsyt 


Aj 511 


16 


AEC r 


Aj 3445 


33 


AEC r Ala' 


Aj 3424 


39 


AEC r Ala CCL r 


Aj 3796 


43 


AEC r Ala CCL r 
ML r 


Aj 3990 


50 


AEC r Ala CCL r 
ML r FP S 


Aj 1204 



- L-alanine ^Uao = Ala’ i S-(aminoethyl) - L- Cysteine yJJ 4^jli» = AEC r 



j ( 8- methyl-L-lysine =ML r sa-Chlorocaprolactam ^ CCL r 

.p-Fluoropyruvate a^Lm* = FP S 
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Genomic techniques ^ jLaJI dLjiu 

f Ull o5a £jLoJI £ya 4jlj i4j_jC.^a!I ^yc. dl^iUl (j.o AMI (Ja>V 

^ £jtjdj 4 -s'llMt <JiUI ^ jij'lj^ll £jljj 4jjlLaJ Vjl 

4 m.Vig \1 4_LuM_y Jai3 4_J_jC.^ya]l dl^)ili!l dld.1 ^aJ (j-aj (Wild type) 

^)Jajl) 4_llljt3 Imnl (j m j5 ‘ ‘M MJlc. 4 &jjoi 

1] A~Jil -s Ml <Sjda]l A iVq’i ^MViml n-s \1 dljjl ^ya .(6.14 tj^ >‘41 

Maliddl dUli^ll d!5 SynMl CjVXJI (DNA Microarray) DNA 

dll IlnlV ^rV(n>l liliijj t JI^-sMI Cl! l\.aC. ^ dli&iiVl -}.ld jl tM&JjolJJ 

. J££i A dots, (jas ^aCd Lw MMldJ 




lj! jikil ^uwj gnu II qa <illj £-a ^jJI ^jn-\ll Al \j\1a 6.14 

i jluJI (jA JUJI iiI>l^LuivU SjLuaJI 4 j<j, ,N <\\ aJ^LuJI AIl^HaII lj! Jj.li giUa f LLj A^J^UI 

. tll^uiaJ! Jl jfll ljV 4ju»j 

Intracellular flux analysis ci jli. jaMl JMal 

^g2 LoLaj i 4 A a A J*\ II A jAil (_AA (jjSJ j*1j3 J 

A ^I.vdl d 1 11*611 jJjlaJ ^gk Hjd. jdl Alj . dV!AH jJ^laJ 4_lLaC. 

(jjL tdljJLj .(Isotope labeling technique) A*ddl jAkML ^akill 
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1 ^ (JjS-llI U"* 3 ^ (jVI t> “ U^ 3 C-NMR ^1 AtCLuAj jaJo.II t — alilo^l 

(Back ^ 5 ^ jfl 3^' (JjiUs 1 JliLall JjXui ^^ic. ^ u«-4 .13 j t4_Jlc. 43.1J 
<L£JI CL^c-lijll - o. w ja USj C.glutamicum IjjjSL ^ fluxes) 
.t_jU<j| liA <j* ^jliill Jx-aill j jjia <Ljkll .(Anaplerotic) 

4_iLao *.13511 j;u£ JSaij -ic-luij (jja-d! (jjj 

.AjjIj_j1I A »>i.Vig II A 3-i n ill 

L-Glutamate ejUljjix!) - L 4.14 

Biochemistry 4 jj^' fU»^l 1.4.14 

^Ww.'ij .4 -stiil aJ ^ 'J ^ jXa^. (Jjl J£ — L (jli itajtui La£ 

J j£AUJI JIsj sjjj Lj5£dl s^a ^.-is'uajj .<c^tuy .glutamicum LjJ&j 
jjinll CjILui ji jLm iiili£ ■. ^i..j j lAiUallj ^ ->-; Vl jLoJl -iijjyl (Glycolysis) 
Jjiil j y^YI eiiljiljJI (jjjSil AjjIlJI Sjjj j (Pentose phosphate) 

.(7.14 J14JI) (Pyridine nucleotides) 




ijitaa. S jjjj J^ajj C.glutamicum — ! 4^uuj jJl 'L^ajVl iiiitc-Ulll j 7.14 Jiill 
iPyrC ; Cjlijjjii!! *i& JU i PyrD 1 1 tiitaL^jlc. — L ^HiLi Al^a ililij tiLjLluJI 
.CllijJJJ J^Ll jijaii]! 4 PE PC • LjlijJOjJ! 
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L- jl laj t j£lj iALdall Clinic. llill ^3 Aj-ala. dldal ja lljjll oAA jg t-A 

JU 1 I JjjVI dlAkia aJ jli ta-Kctoglutaratc ja s JAa Jid Glutamate 
jl£ .(Citric acid) ALjall jaaa. s jja! Jllc. CiAi ALLS Jyi ja dlati Jill 
ja (Phosphoenolpyruvate carboxylase-PEPC) ^jJ jl jaVl J J Aii*j 

4j H d jaJI jl dale. .AjLcuiII oAA jjdj J5 (Jaju jHI 

A 42a. j djjai C L 1 ^C-lxjajVl ~ J'lll i. ll t ,il jj J-ajdal jjj Jl A J jV j ^ 

<__Li51l Jl 4_iajjYI AlAill sIa jc. < •*'•> 'll (_^jl jjj . jal j»jjV (Jc.li!i 

.<j& J jjaall jjl ddd j < (Pyruvate carboxylase-PyrC) AlUi jc. 
(Pyruvate <»jjl Jc jjd C.glutamicum JJA jla djj 
tALjdl ijjji Jl AcetylCoA Jig jaII dehydrogenase-Pyr DH) 
Pyruvate (Pyre) :laA j cOxaloaeetate —1' SaG jl jjajjl Jc j 
JSA1I) (PEPC) Phosphoenoloyruvate carboxylase j carboxylase 
dl Aja z Jj^aj jladal jaY' jl£a laAAai JTLal la jJ ; jj-jjYI 515 j (7.14 
Ajaja ja Ac l ilia; Iaa jl .(Oaloacetate) djiJ jll j £ J Jl jjj Jll Jib lii 
dliajj tAjaxll oAA JajY Aia PEPC j»jjl Jc (_£ Jaj Jill E-COli 4jj£j J 
Pyruvate carboxylase ^jiVl Jc jjdi Jl' B. subtilis 4JJ jc Adi 
Cij jaj dadii Jli jjajjYI bd Jc. j Jd C.Glutamicum jl Jj .Ail 

.lAAlii Ada Ailjaall Jaaa ajjA 4 J . Jl j^all AijJ SaIcI ,J lAa Ajllc 

s > 

aAJ jj L-Glutamate Jj a-Ketoglutarate J Ji AAc Jd 
dil Aa.j sac ja fdjjVl Iaa jjii .Glutamate dehudrogenase ^ Ji' 
.jjlillj 49.00 Aj jliill dl Aa Jl oAA j -a J51 ^Jj ^} all jjjl Jljj j tAjjUi 
4 j 4 3jy J_La 4 Ai 3-^ J j»a ^Ja 1 . 8 JA I Aa. Cillc ClllxS ^aJ jj Jl j 

Alla. Jj .(_J“ J^ 150 Jl_jaj AaIIc. liliA 4 ;A1I J dlali Jc. — L Aa.1 JAJJ 
Ja 10 ja Jl ojlc. j_Ji AjUll (Ja.lj A 131*5 jl Ad (j JaV' Alii a^ I JalaaVI 

A ;la» 1 i_J JAall dlali Jc. — L U Jilaall j )g 'sill jadaj Ajllxll Ailii^ll jl . (J_ja 

(jj J= jc (Amino groups) JuaVI 51 a Jail j$jil All A, j t( j JlII Jldill 
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%70 Jl jl .4ilida dJlcld Jl j (Transaminase dJlclai 

. diLabjic — L ja Liu A il-s'l J 4 nuVI ^-lajall ja 



Production strains 



2.4.14 



(_>ua^ll a_Lau J;j. J' AjlSill j Ja J dlLab _jlc — L ^llil l _)Aa j >iJ 

Jl (_£AjJ “daaLi. -dabca ILa U-liLajJj (4_ild]l ^ jld Jl <ildll Jdlj) JS. bl ^ ' 

^jj^dall jaj I La . ( _^aj!iia Jab L!aLji_jJ 4 Jll ^ jld Jj ^ ~>J by 1 (jAaaaJI jjAaai 
Al ^dAjliu t j j_uba]l diLab^ic L ^Jl A i|. , >>\’ La bl 3 ( ^juiA-adia Jab A^j^j 
— L jildj <ilac jl Laic. . Ajldil <d_ja ■‘Licaa Ajldll ^ Jd .Jl dibjjlj ^ jdl 4_idaJ 
£a«l j (_£ Aa a j ^Jl dliL ^3 a—Uxail a j 4 Jal£lb *ba ji.d ^iC dill j2 diLab Jc 
IdjLalaall a La Jadj .djLab_jlill jl Jl Jl (_jAjj Jill djLaLcall ja 

Lildal ( 3 ) ( jib.iiill Lildal ( 2 ) Odu jjjjjlill ja a. ajis dud jaill ( 1 ) 

cs ubajJI jj jil <daaUbl J _JI LiLdal ( 4 ) 4 (Lysozyme) J jjauAUI 
(jduuul (Auxotrophs) JILc Jl J= ^lAdiJ ( 5 ) t(Surfactants) 
jl jdu . J 5 -blLc Jl jL ^lAdiJ ( 6 ) ((Oleic acid) jjjl 

jl <bj j A' JiAaII cLdxll jl A 1 A II jAa. i a.'lg'nn'l dJLobtall oLa ^Ja'S 

(Phospholipid) JlLuJll jaaJI (_±£j jla bill Jc s Jl& .<_gjiL 
<lu Lijj 4aLLc blbA jla Jcj ( jb JJ A-lbc- 5Jla. J I Ji£ jj*aj 

: L&J 

Jdll jAa. ^aUaiil ^Ac • 

tf-LLill J dibjAJI i_u£j • 

. a-Laiil ^^9 Aj Jail Jajdll Jalillj • 
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(jjj 0^1x31 ^Aj (8.14) ^jJaj-Q A LaW^ll 

^Lui-o J-a*J (jJL4jJJI u] • (jjjjJ-Jl ^-lilSjll ji^l 

tA jLij <jli li^jj Acetyl -CoA carboxylase fjJjV (Coenzyme) 
.(Fatty acid) (j^JI cj^j ^ i 




4 JjjVl (jaoJ o£a^' 









CjLallj jc- 



^j^aj 8.14 »l l 

9 jlii_a Afr a ja*J 

j ^ - ) ■".l..'a~ti ja 

^ Jliali /it. Wa J . A 

L-glutamate jl jsl 



4-ilaJI ° v l • < lajj ija!) 
JjSJj Luaj) (jtajjx* 



L- <^11 LAj 44 c> 
£ jli. glutamate 

jaLi 4ja*J jj AjlaJI 



(Export 

•carrier) 



II jx> cLiiil CllLljW ^ jSj jjj jjLJI Aj-IsJ i Sj^a l" 1 Vi 

iS j-Tyj 17 (4) 32 t> jj 4 JAL Phospholipids 

t_±£jj]l IA jj .%45 j (* 4 ^ 12 ' jf- (Oleic acid) 

jjjjj .L-glutamate jl jjj .ibjj JslLS aL^A Lua^ aA ji jj lAliAdl 
‘(Auxotrophic mutants) aAIAJI CjI jikll aLjUI ^Au AAdl t_Ajj 

jj jj *■■ L ■ ■'!! jj jiU Aj^alLall j ^a]l A^Ujaj jj . jjj..ijjll jl i. j)3 A* I 

viia ^j jjjj IjiaLjal jV Actetyl-CoA Carboxylase ^ jj' A 2 l*i L^J 

^ AliA-jl i _jaLcu^. 7U 'jj-lioLI AjA jjll jj . J4ajLa]l jV I .*iq» <ill I A H_uj 

•L-Glutamate jljaj 4 ^l^Uj ‘<2Li J&i jjlJ JaLlI jAj *LAJI 
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CllLatj JaLoij Lijjl j 4 A jLc. (jft jin'll! i 5 J . ' c 

jrtijj cilia ^aic illliA t (Glutamate dehydrogenase) jj-iA&p 
(a-ketoglutarate jlii*. C jI till _?a j L-glutamate 

j-lijl J&. Wnkll jj& ooa Ja*j .(7.14 JLill) dehydrogenase) 

14a JLlij (_> Liajt Jiij IgiSLl j (L-glutamate) CjUiL jkll <_> (_g= L 

4 Jj, W ,41 (jjj jJill jl 4 jjjLoiiJl _jl 4 ■n. l-i . it yi jilt ^^it A jl-s It (jl 

JaLoij 4_g j^t jj^aul jl 'm~s jj.'jg y Cit — lilt ^jjj^ft JaLLj (j^ (Jilb 

4_Ujoi 1I 1-igJj . jllia^j CjLalijliJt JaLoU jjIjj V jjJa. ^ 4.La3 %10 (jc. (Jaj 

£Juu 3 4(_>a3lialt jlilikj Clltjlj jlc. jli£ — CL JalLd (_gaiiij L-aul 

£ <>j ‘(Succinyl-CoA) ^ jiSfl ,=aiilt Jl eil Jj J& ji£ - a (j^ (_gajlil! 

•L-glutamate Jj 



Production process ^llttl 3.4.14 

(L-glutamate) eiUi Jc. -L jjj&l J s J>4I Jl j*JI >41 jj 
Jcj .PH ^ n-s jjAi^lt JJIj 4L_it-lalt (jj-N m^Vt jj jJj 4jijjjjxVt jjj 

J,.„H jj jail 4 j\-n» 1 J J jjjij j»jjj_jxs^/t ^ys a jjjlt dll jAlt J J. Jl 

lilliS j ill 1 L Mxi jjJj O-lLoll siA jpo ^JLadl jj jll J y J\ 4 eiLai Jc. — L ,Jj 

LIaj J aLIs jjl Jb 4 — aLjaj 4 , in. It IJj . ciLolj jic. — L ^lijV 

. Jiaiilt Sjj 3 Jjli. LaJjJj 4 "it 4 J j /. Unij J jj^j 4 Jill'S "lit 
^JlC. l_ij Jla 4 " iVl AjV (illj J 4 8 jjnull 4~'lVi JLu3 j)J> t'ij/t j jj LI 

(jj (J£ Jljjx .1 La£i 4ljJS3 dlLatj Jc — L ^tjjj (jJJj j.!> ‘ "5^1 Ajli£ 
— lilt Jl J j^lt tjj> >4)^1 jj^jtl o-4jj jJ jJs. ^ 4 A in .A .a It t _yaA^.j 4-^1 jjjjUt 

(9.14) JLill ,^jc (a-Ketoglutarate) eil jli^Liji^ 

. AjL» 11 1 Llrs <1 
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99 dll j-a~s.a ^3 A VTull “U5LuJI tig irti jj.aV'41 4jl.aC. ^.lutlllj 

dil ynm VI yj - ac . duj (10.14 (J£dJl^ 500 J] 1 g . a-s^. Jj-aj 
i jA\ <aldal (jjjia (ja djLalj jit -L jl jal J&. s jIluJ dj t (Cultivation) 
(Polyoxy ethylene sorhitan Jia ^ 41 jj jjU CddUJI 

tdiLatj jlc. - L qa J Jj^di ^d jalj tinonopalmitate (Tween 40) 

^9 jj.aVill jjj-a ;_g j . (J<t».Tiuutll ( _ 5 lC’ blaJ&l %70 60 CoUJ 

(J!5ld (j-aj . ^!Cal (J£uuo ^ic djLalj_jlc. — L ^^ic. 1.aVlll 4_lLaC Cllgj 

(jc. lilidJl ^dj tAia^iUI Aja.i j*ill (Downstream) l$j=^ 1 JiJ dibLac 
Aji idjj ti_ilLai jyjdl J^Caj (Resin) ^dlj JTld jj*a <_s^l Jjj-all 

^-L^jiuil (jSLaJj 1-^A .Lli_^a'Jl j^adj (jji. ^3 dlLalj jlc — L 1 4_Jb4l dlljjd'JI 

A jbc. ^dll . ^ji<a*\MI ^3 Ig^ol’lVnul jl*_i jd (j-aj t jjlnd (jjj^la (jc. Id^aVl odfc 

p jJ-j (jjli.1 dlLalj jlaJl (jjjSjl NaOH ^bVnulj (ElutlOn) Vi . .y 1 

dAdilj Jjla-all SjdUo Monosodium glutamate (MSG) 

t *. Lixtll MSG Sj_jlj tillj (jSi-aJ (d tdlliS* (J-iLcall 

J (Decolorization) jjjlil Jia djl SL .s^dUa 

.f.ldJl ^9 (Jl. ah-iui ^! I d_jgLa <jc_jj ^dj)/ l*»a (Sieving) ^j^aall 
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til jaLa 7 ^LIJI fji jrtiM Hakko Kyowa 10.14 

■L-gulamate AauLL* j <240 m 3 j*aaj S.ial j <j£ tja-utl S jjj£ 



L-Lysine uo*-jV - L 5.14 

Biochemistry AajLaJl fUuill 1.5.14 

C.glutamicum IjJ&j ^l.ik2Jj iaa ^±u o^aaaJI 

(Pyrurate) cjlijjaJI (_> <jj^AUI c - 1 ' j^ 1 uj -u^$ _ L ja 

J141I) oA!^' 4 jLc. *dj' (Oxaloacetate) CjIIiJ jJI j£ j )!\ j 

oAalj ejlrS (jj Clua tdiLolj_jlc. — L li <j^alaJI <ilaJI .(11.14 

. _jLuu> (JJ jla (^jC. (_jiaj — L jli t ^ qjIVlll ^jluidl 1 jlxiC. jLoj JaSS 

£»a <jlj j£j (JJjjAUI (jjIVi ^ (jjjJjVI (jijjlrsll jli tiillj ^^Ic. o j^ic. 

(Aspartate) cjtjjUJ khle s^Ul! ASnJ^\ <_>^UaVI <> ijj±Sl\ ^ 1 jiVI 

_ L j uAsAh, - L j l*ra!jp - L 

Uxaj ( yiaj (jjjuoAUI (jjl-s" 4_iLac. I aij ^aII (Kinase) j/nl 511 ^jjjl 
jjj. ijjJill j jjjyAll <kJ jj (ja-LpUl JjS j-a (Feedback- inhibited) 

. (jja A\y* 
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L 11,14 

Jfrlii C.glutamicum ^ 

—II (Carboxylation) 

y> UajS o^jj *- 4 Oxaloacetate 

(Aspartate semi jjaj&I ,_yiaaj 
uLIjj LUijVlj aldehyde) 

.L^IA jlJa. 



^j^jl a )-> i ul jj (jjxujV — L (jjlVi 4-iLac. Iajj JjVI Jc-laill jiiJ 

Jlii jj] J\ JUJ1 ja US j t (Aspartate kinase) jUU CjUjUJ 

IjlA (j_jSj . a .ll-UU a j A * 41 1%"' <CilHjt3 (jli 4(Jj_jk> 3jl%‘l jU^q Ul jJ 

4" 11% ;o^)3_jjj U-a (jjjjjjj — L J (jJxajV — L Jja.j 41U. ^ (JUi JJC- 
(jjj U o ^)3 j ^j^ts'i (^Ulll (J,.n4l j-Ujl) 4 ly % j a jLU (jUjsotj UUJI qU ^3 La^jj 

.4 inoVI (j^aLai.!^ Aspartate kljlc- (jiUjUll (jj~'i_n>ijVI (jjjjLall 

t> u^-^j t> ‘-Ui'A ji* ‘(12.14 JSoill) jAa l-lS j, jjiilSil ^.j^j 
iUai U ^a- a a. 421 (> U^ia JS ^jjSu (Two a Sub - units) a £ jj 

(jl ^ j ^ j . 1 ; U-lJ 1 171 (j-a *lx> (JS p (j-a (jjjj^jlj j j 

A i\j^V I (j^aL^VI iljLcui (jjfL P jl] Ajn^Vl ^jJaLa^VI £jIjj 

(jj .a (Ja^j 

^P ^ x 1 Ajjjliilt (LysCp) (j^^JI (jl 3A 4 -SUJI (JjjLujVI 
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(Promoters) <— >1 jsU jsl jb IL^jj . j£^\ aj^ILII a j bySji j* «■ _>■ j* 
^jaVI jaaJlj LysCd j j»'i jiaj L&A-la) '. ^ ns \1 £3 j-&]I ILa ^5 

(jin's II jjjim jiaj Ajls ^gjlail jliaJI Lai . (JjVI (jiadl (_ £^a-a JjS-ajol £41 jLlI asd 
AjjjLill jll Kinase ^ 1^. j*£i tallied .asd j Lyse (3 

I_u£jj]| jnjin jl i l _yaLL (J£joiJ P AjjjlLlI 0 . 1 a. jll i—uSjJ jji _1 ILa j .p 

Kinase jiiilSi ^ jjl jjj£j Jl ‘Luo jjj.la. j]l lilli] ^ h > jJ j£]I i—Sjjall 
I La Jia j^Sc. <jjja-dl C.glutamicum LjLSj jl .aA/Vi jSLaj V A_dl*i]l Lib 

liiui jj -}ja.j ( jJI jjLli La-o t jj-ouL? — L j-a I . .n * j j^>4i (jAuiaJI JJC. £ijjVI 

I La ^^3 A_ia3.iil ojJaJjoill j-a 

• i§ 0^1 

dJjaJ 12.14 jsJill 
C. LjjjSL' t> IysCasd 
o j glutamicum 
(allosteric b& jliill 

(jjLil jliaJI -control) 
Jjlujj guijj lysC jajJa 

bijiall p Aj&jaII oAajll 
<U-ulau]| Ajejill o-laji! 

p 2 AjLj Kinase ujjjjL 
a 2 




The synthase limits flux Jfloll jjtau (Synthase) JjiluJI ^>1 

^^A jj—LiLU (jjjiaJI jjlalll e-Liil jS-ill ojlajau ^ (_£ ja.1 A^_o o jLaa 
.(Aspartate semialdehyde) aoa^iVi kA^j CjtjbJ S-La <j ji^-a 

Homoserine £* Dihydrodipicolinate synthase ^ jjl <JUi jbliL 
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■aSj .(11.4 JS2JI) Aspartate semialdehyde si-« dehydrogenase 
(dap A) JyAJi jud ^ jjid! (Overexpression) jjl jll jauCill 

4jj__)Lo) jjjjjjV — L ^ jjidl jajl oA j a j»j jiYI GlUi (_>uUa 

j3J ^ jj Jaxj ^jjj| jli d.^.jj - ( ^jjj| 421*3 SjLijj 

^ ja-Ull IA jjUei (jS-ajj - - L oJ Aspartate semialdeyhde SjA 

i> 41 ’.A/Ai ^sll Aspartate semialdehyde SjA jAji i-pjl 41A. 
.(Homo serine) jjj^ j$J! <_> 4£LA]I ^A^Vl ja^l J2£ JAa. 

Homo serine CjAj jjl ^l-iaU jjjL j& 41A2I A Jl J ,jll jS-ajj 

dja. Aiu^ja 42 Ai 12 ^ill j jikdl dehydrogenase 

42AJI jliaJ ^oau^a jjj£j jAA2 jauwAll 4 ,jA& ^LA’l 

jAu> ^ic. Ayljla.1 o jj-aidl C.glutamicum 2 jiA <■ " i\ q . ^1 j* 

AA ^jIuks ^^Axs .(jjjouV — L (j jlVil (Split pathway) jAAia jl 
^jji JAa j* Al tliSuui <ja2l jjlj tPiperidenie-2.6-dicarboxylate 
(jA JAa j* j D,L-Diaminopimelate jA 2 t> (jAL2l Succinylase 
IjJjSj j]i ttdli j- (jAjdl ^ j .(11.4 JA21I) Dehydrogenase ^jjjVl 
t-Lai Succinylase ^ jd>' cjAA lSjAj tjlidl Jaua J&. iE.coli 
•l»aa Dehydrogenase Bacillus Macerans A J&j jja. 

J.Wn.t ^ 4jjJ jAa. ojjAj 2i jjjAidl AS jC. ja2l £jjjj jl 

[1-C 13 ] Glucose £jaL«ll jjSjAJl j (NMR) j2l w .^ 1 1 jUjAl 
jja (_ji .(13.14 (JA2I) ' at'A a jj IS jajl jjjjjj jl -Aa.j 33 j . 42jl a -AS 
y y\ 1 4iaJjj l±jji[S jjaaijV — L ^Ujl 4 jAj jl ^jjll 4 jIaj 
^jjVl l3^j^ jc- (i^ 4 ja 2' j^V-L jl jja ^Dehydrogenase 
i 4 y. j'.’i ciila yiii Ai\.jiji la ai j c-'jj ^■S.j.ilS.j.a A_ixu. dliA j .Succinylase 
(^ jjj jA/l) 44 jVI ajjLo jjaj Ai»^ja AalU a i./n Dehydrogenase ^jjil jl 

LaSj i ^a^jj^iVI j* ^ ^ >>qA ’^11 jj£l jHI Jujt3 I^J^j . (J^a 28=k m lig.A )3 (*hj 
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— L -CoALa^I ^jiaiuLl V jijjjYI 15 a jU t jj^ajII 4_iLaC- 4jl^j ^ (Jl ail 

ja (jjSj Succinylase ^jjl (jjjla <jc- (ji.21 jli tiilSi <j* Y-^j . jj^Y 
Piperidenine-2.6- Jl Succinyl 4iLJ <j| il .Jiaidl 

Jl ajjIj JJ 3x. 4iUJ J& Transaminase ^Jpi J»j dicarboxylate 

.Qityi ~ L U Sjl a ''I -JjJI 




fJyuiA J C- J^uu Jl ill (Jjlu La a' ' al I . jj aaj 4jij ^ 13.14 

. lii jjj 4 a j Jt ■■< ■ "H (jlum al Jaljil ajj J UL, t j5Llu^! 

• %100 (jty 0 £ j' 

(Dehydrogenase J Succinylase) u^jYI c> J -Ms ^ J 

(jjSJ (jllaj^aJ Luo (jj-ojjjYI jli tl.lgj .%40 4.J.uUJ (j><qVinu (jJjoijY~L ^llil (j]i 
jL,.l 41 IjJ 4 la nlill 4iiiaJ (jl .jdAAill 4 _iLoC. f.Ljjl (j-U.ojY~L _jaj (Jlft 
L (Jjlaj 4 _iLo*J (ojjaYI Jjs) 4 ]-i j > ■ Jl ojLall jpo < al£i V' jj3J (_^A J=lulLo]I 

Iuj soaj jiiaCi Jll D,L Diaminopimelate ^a sjUI o5a j .j±^y - 
jl .AjlaJI jlaa. J (Peptidoglycan) jljblc. j-inJI 4ILL J I^a 4 -^ 
J-LL J l^uJ Jli# ja C.glutamicum L JJ J J=uiidl jLaiJI 
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l^Slj jc. jj£j V tLoj-ac- 4 ^)Loia]I cijlajjuLoj :5oj^_^dl s.Li^.VI 

,<ailk-Q 4 jjjj d_ 4 jjia duao AjjoUJj AjjJrajl Al j-a jj3 jj] LaOJ 

Export of L- Lysine j^uV-L jj-Iusj 

5JjlS A^jjjlo Lj^jSo.11 ^^3 AoIlcVI jiaL<^,Vl jjA*^! Ajjjj^JI jjjjoiVI j^J ^2 
(Jj-ajj]l ^aJ ^aJ till.Vn~s j£j j-aLkJI jjA*-ali]l A jEc. jV c23Aj 6 1996 ^Ic* 

LjjJ^J j* jjjoLjV - L jJAj-aLil (JSlo jaa. JiLi. j-o ^ x>lc. jUol J1 

Jlo ajaaI j ^atjjlaj (jLuj 3 !a1g coIsL2j£I ca J l <_£ J ^aJI C.glutamicum 
(LysE) jjjaoV-L JSLj jl .(Exporters) jja^jII $ j$^l <> aja^JI £j2I Iaa 
^ jjjla. AlAjo! ^ic. (J jJ^Jj <jjj]lA 25.4 4jli£ JJXj^ ^Luic. jjJj JJ j& SjUc. 

jjSLj LoAic. V1-*A jjfLj Ujjj c^Jsljjll ^^3 A jA La 4_l£Lai ^Jc. ^LojlSI jjC. 

EJl ciljjjoA 4.L^a.4jo Col jigjk sac. i^UIaa j .(4.14 (J5 11) (Dimer) ajjUj <1L^j 
— E 'Ll] jVI AjaLaj 4o1Lui1! A\“\ A') 11 ^jA (_]3ljll (Jj.aVi (1) I ( ^A Cl jI jla-~k.ll oAA . 

(3) c^LoJlII jjjLujVI SaL 2I (2) i (J jaj£j jAjg 11 jjjjj jjj jjI 

A-i^. jj SaIc-I (4) d jokjj c £ Lugy.ll ^jLk. <1 4A3I j^ll dlU jj^Ij jJxujV - L jjj^o 

3iLLJI ^ J^l£JU JISjjV! <j1a*J <*ilA]l $ jill jAj^ jj . JSUIl (Reorientation) 

. g. Luiar-11 ^3 AlalSlI 

L^jljjjla 14.14 j£-uill 
(L- — L j- wa j 

jfiaj lysine exporter) 

S jIaaII A-uoaAJI 4j]|j1 
^LCaVI f JaJlj f LuJC! 
jLuCl jjJJJ if loll D jt£JI 

$ jjololl dil jlaik.ll LCajl 
flijV! a,j\a».1 Loujjj 
^1 (translocation) 

f LuJCl AjJlLdl Lgijuu 
.kA ill AojLi saS1\ 
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J)ij ~ ^jC- j y .-i C i ^gjj J' ^jl 

^Udl jallaSI ^ia . j t i ' ^ ’ JI IjiA Jlc ^Jc. C.glutamicum U *1 _£*.! 
ejl-lmdl <> -la.1 J Jj-a ^-La £_a (GluCOSe) jjS .jlaJI _j J jja 1 \ LysE jJa. 
1 <j* jii£l ( j_Lj JjUuj'V - L (j-a 1^. ^ .-a yii tLysyl-alaninc 

.(15.14 will j J L<i-<a jljA 

jj^uV-L o^jI j CjU*£ J jljsV Ja*j (Exporter) JC^1\ 

£-)_pVl 5JLa. LaSj . dil-lmdl J yyj ..Vic. 4.u».nJ-ill <lu3l ja AJliJI 

iCjlimJI ii.V Jlii ^lk> C.glutamicum jli IjjjSJI <> cSja.VI 

J’CiS'j 3 t (Hydrolysing enzymes) cjlajji C&'<. 5 

^yi£j ylj Laic- . Gua $.ljj dil .w j yy*'' 4_m^/l ^yaG-vVl (J * ■ yL: 

^1 jj £-ia ^ i>j j Sjldl sifc 4-iLUll l$J (_>ud C.glutamicum 

j2j a-lpC. A^jjjuo JSI jj AiSlllSU idliA £- jjjix ^Jajl La£ j . ^jjj-iLLiUI o-iLa] 

^j-aS I j . ^al yC. 4 . w 4a^^dl j GlLwill Ll^jjSdl yA 4 a V~'. ^ ^1' 1 1 ^3 

^3 j ' ■ 4 tin'l^ 4_iEdl ^_li-aV I >i ^ ^ 'il ^ V- o j >->j . . 'il ^ja ^ yiil 1 J yyj 

.Ljaj tLijjSJI yA £-)jjYI 




I jYi/la 15.14 

jjlaxj 4 j'j aVI ^aLo^V) 
q fr ^1 j 3^U ^La^a 4jll<u 
t j ya (jiailS ^ r ^=-' ijtaA^. 

JU ^ >aSfl > 4UiS 
t#i ji n^JjiVI oaaolai l 
jaj 1\ Jiii 4_j3LuJa]| 4jtaJI 
. ulAmjil Lf l& 
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Production strains 




+ h 3 n 



^m\ 2.5.14 

j.lo jiuljV~L 1 A -sV^ll CjVLLal]l t " '«"< ■*' 

IgJ CllVLLu: ^Ic. t_j_g .«—>*»!. \\ ^)iilal]l A In ul jj J jkc. 

— L j-a 170 (j-a JJ^I jl jS] l _ 5 ic- ejlall 

j_j£j -13 iHjVLLaill oilA jl jxi . jjxajV 

jig Vi 1 <j^_l=uLI dilaj-all j^ a 4c. _jA2>-al 4 l.al 

.(2.14 (Jj-laJI) (Jjl^JI lilA 4_ia.jJ 

Ljl^jLula (_pa*2 4>a jliLa dlVLLai]l oilA j ^£l 

Cili-all (_sJa.j jl .Diaminopimelate jl j^AUI 

AjLmuiI 1 g'l-ajlLa ^A jJjoLjV - L 11)1 Vn-al 4_ra.j ^cull 

S (2-aminoethyle)-L-cysteine) tj^oiAUI 
jc. Jjjjoia]! jjaJI jjSLj .(16.14 (J^lall) 
ciu^j 4£L4l A a IjalLi Aspartate kinase 

i“i<a.^ynul Aij . jAuuV~L a Li . .il jj I g y j£»aj V 
IgJ 4 jjLiaj^ 1I al _^&]l j^ eiiLuja 

y-methyle- Jla i j^uV-L _ 2 kgjliia Al£jj 
^3 a-chlorocaprolactam J L-Lysine 

ei iVLLui ^1& j j.^VI Alj^)ill eiiLiLac. 

j/i 4 A^.^)aSI olA (JLA. 4jl VI . JjJaSl A Vj'u 
<jjg hall ell LAI 4aLlc. jj£l La ILllc. 43LL4I 
.kjj^Jt-a JJC. liliil Ajjjjiil (jjuaV I j JLtll ^lliVL 
^jjjaJI ,yjLjj ijiyj (_gi J> A VI ^laHI ^-aj t4Ui£ 
(JLucilujI jSual j (AjAiaill a Vi-all eiiVLLuill ^ yu^Jt eiiLuLu ij.iv I i^-a-a ^ u A 
A V'l-a tllVVLo. (jlsllSl I g~\i-aAl jlil^V 4Ljiall el£j Igifr l LaV ^jJI Clll^iAl 

oilA ^jiijVI ^^Ic. o-laJauall <aj^Jall iS'n.iL j .(6.14 (JSLill ^>iajl) eljl^ 
(_ 5 j 2 I ^ j2l f ^a (Point Mutations) AiLsj vl jaL eiLLi eiuivU 




nh 3 + 



Amlnoethylcystelne 
1614 Jiill 

(Aminoethyl Cysteine) 

^ jlaJI (jj-uV-L j&i jt, 
w-ftjJ J>Li a Ji n ^JLli 
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tliLJI Jl^jl JLLk (j-oj 4(_jlxl La£ . (jJxujV - L AaiL !^g& ojllxx kHLx J l h >tiV 

Aspartate kinase (lysC-Thr cjLxjjjV s jLlall cisLuaJI (Alleles) 
j Carboxylase (pyc-Pro 458 Ser) Pyruvate j 311 lie) 
<> jjI/^ 80 i(Homoserine dehydrogenase (hom-val59 Ala) 

.<c.Ljo/jo1Ae. 3.0 ojlj 4_ia.lljl JjlxxJj (jJaxAUI 



Production process 



jrtittl 4 oL»c 3.5.14 



(^x ojJC-j (jJxujV - L ^^3 ^l.’lVunlU Ic. jJxi (jjjjlll jalxxix Jill j] 

_jl tji «na Vj) (JjijJI j\ (_jjoV _^xll ^ynxVl (_yaLa^.^/l 

(High test molasses) JLdl <jliall jj >4' J t(jaoJI j < j:uxUI 
jjjSuJi J 4 (Inverted eane molasses - slikdl jSuJi a_u-aa ^ ^) 
LijjSj (jx (jj4l £- jjll (jli E.coli Ljilj (jxlc. .Lilli Jlvix j 
IJlc- <jll . jjjluJI j j_4 jlaJI c> J1 ilLl^iJ -ulxj C.glutamicum 

AjV illjj “CLac. ^a t^xxaLall ^a t Jx».Tu,»j La 

:l$ix 4ol.l*la £(_£jLaix <1 (jA/_^all J "'k'u.i' (j! (Laic. . I 

i lillli t._ nun 'jjxVill ^ u x j5 * A\ ejlL jkj jjx eiiLLiJadi * 

.CiaCjal 

JLLk 4ilC._jj Jala A n» x J r ■ ,n a ^3 (_)xV jxll jaJi (j] • 

. 4jjk. o^jlia 



oL^lAlj (jA?_$xll JLa*ixl (^c. aLtlAI Ji <illl& (jla dijij 

jy^jJiljl jl ..ox Lai . Lilli dixli^la Jla a j^Jx jlLxax JLa*JUxl 

<jjau3L Lai .(LujxLM a La J jlc.) Lji^xLMj ^jjj^xLM l " '' °1 ■ ~ <^j^}x]I 

(Plant CuLnll (jjjj^ll eiiLLl^la (jx lA^ja j!i yia CijlLixll _^xlll Jxl jc. 
CjL£jx kaLkal JLLk jx jl tsjJI ^LL JiLx jx J protein hydrolysate) 
SuuS . 4_12.ii jxi (jJxalV jJxVl 4 jixC- (IV- 14) Jlxill .a J.^*s x ^^>k.l 



j\ jALojoiII jA"n*n jjj-oc. HUoI^SSCS (lW^) 
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jjaai2)lll jjj alua. j\ jmIxAj AjIjVI jl j-all AsL-bl ^JJ j^\ jSauJI g'nnl 
^a£J jj A] jl*-a (jij? j JjV I ^ jjj _^aV I Clllilui j3 jj j . jIll/ ^aC. 170 -la. 

j_jSLl j4A2u]l (jj-a (jjjoLjV - L jlj IlgJj .Aj^&lsll ^JilaVI (_jaLa^i/l 

J Aj-alaJI CjLliJVI jJjaUvUI ^^ic. Jjijl -is] .diljjjj£ J£j2i ^Ic. 



(JjjVill jja^aa-a jli t j£juill AailaJI AA1SL3I i _ in»n -LySlIlC. HCI 
•4iaSL ^tssyi ajI«J l^a. L^-a laaLLa i*j (Conversion yield) 




0-aU JJ 17.14 
-L tr“J 

A jtaC’ ^2 

lilUA .^UWI 

d*i>« 

jjaalV I . 



y 

100 JS1 jW>UI o- ^ 50-45 Jc. J> j-aaJI jjlaj 0jljj Cl ijjoU 

elijb 3 ji-aVi'l jjaa cj" 0 (jJajijV ~ L (_bVj . jAj^suail j^ ^aC. 

Uni Ixill (JSLxullj jjjaliUI jig -nM (Jjjla al24j (jVI Ig-U j-aT.'iMU tjjjjla O^c. 

jjg Vi 11 (JI£joiIj a-i^lc-VI ^ Ad.'iWiV 

<j£-oj .L-lysine.HCI Cy> % 98.5 lsj^-h lsjj 1j j> Wn« . a • 

jl t jA nil jl t^jj^l (Jjljjll Liaise. jjLajj£ A l-i ml JJ AjIc- (Jja^staJI 

^ j JjVI (JjLiaII (_j.~ilVna.al jailial! 1 3^~> 4' Aaj^jJa jl La£l 

. A ~l5 a 
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. (jjxujV - L % 50.7 i ~ L j£^<J cS-idii Jjia-o 

. j! j s iMI j! i <j ~\ 11 a Vi5\l J>^i^ a In > nl <jic. j 

(Granulated lysine Annuli jy^5UI ^ CjI j^v 

<> 11* (jj£ii .j^j 7 -L 50 % ^Ic. c 5 ji^ sulphate) 

. dll±na. ^1 (JjIjIIj I a'i-v'ill A In . ,.l ^ 4 'iny’' .lu jiaijlil J-al 5 



(J>Lk. (jljmll ^ j jLaiiluiin Aiifi I jjIS, ol& ^llil jj^la i qhVi 

^ ; /'•y J i^llis . ^,Wn«.flll 1 y! ~ V -1 CiAL^asll n, ~s j L J~? (JsLuil eliladUuo 
(j.unSl Y'l a 11 1 g . .iV jj^Vill 4_iLaC. ^Jl AiL-ial t(_]^ol_j*JS! ol& 

. (jjxilV - L ^llj) ^ (jjallk-all 



L-Threonine 



~L 6.14 



Biochemistry VfcP^' e-l^ui!! 1.6.14 

•E.coli LjjISLj ^ja jiljla (jjjjj jj — L 1 ^IHVI 

J5 .Vi 11) Jala till j)n^> (j»i.aA (j^a (j_j£jj y \. uia (J^Lk jpa (jjjjjjj ~~ L (jAj 

jjjlaj Cil ^A a£ jli'liA 1^1-5^ ^ ejl jln^ 11 jli ILLui j£l La£ j • ( 1 8 . 1 4 

illll£ jLaJ jjjjjjjj — L (jli tiilll LS lc- oj5lc. — L J (jJxilV — L 

1*1 l*i 11* Luliajjj (L-Isolucine) — L (_gjWi a Ar- a i l~> . >i j saLa 

C.glutamicum Uj£li Jl a^uIL ^K Ul 0 1* Ja. ^al .L^U. 1 n>J Lulkij 
- L Ja.1 jj J7U. (> Aspartate kinase ^ ji -LuS ^ duao tkLjlij 
A^jLiia Cjlajjjl 3 tdli^a E.coli 4JL=. ^ Lai . l*-o (jjjjjliiaa — L j (jjaaiiV 
a In m l jj a^-Ij u i\\^.A ^ jWa) 1* /n \$aa (J£j (Isoenzymes) 

oj^ic. -(jjj j41i-a — L aLujiI_jj Clllllll j t(jJxujV — L 4 lnuil_^J ^kVlj 

(Homoserine Sj& dill ^ 

Akxul jj A^tlll tjjjjjjj - L 4-kJ jj J A'l : dehydrogenase) 

^a's'l’l ejlJUill o 1* (j C- a! jJ^.iiaII CjLliadl (jli ( lilll (^lj TiL^al . (jjj — L 



573 



(>^3 ^Transcriptional unit (ujjgJ) j Jli Cf Jc- 

(j] 1»*1 ^jJjaua AiC- L-buiLldl ^ n^aV 1 (jJjIaII 

jLiu ThrABC ja .E.coli ^ L 

g*a.Vba Jlilij ^Jj Thr A CjIaiuj Aj^Ij Jj 

c^UUa j .Dehydrogenase homoserine ^ Aspartate kinase fjjjf 

c. A_Ji 4 _LxujI ^jlj (jjjjjjVI ^ ^ n-s 11 jmMI cs ic 5 -ij 3 a jtijm 

J31S1I (JjILJI Aimll (jlj .(Transcription attenuation) 
Thr-Thr-llr- Thr-Thr- Thr-lle-Thr-lle- ja s^j ajI^j 

UsAixa . (jjxu ji — L j (jjjjjjj — L jmaj ^glc. iT 4 *^ c 5 ^ Thr-Thr 

V i—sjjoi jjlall jimll (jli “Ic-jT^o ALlLaJI (tRNA) aJSUII RNA (jj£j 




(jjjJJjVI (<j mjlml 
• iJaV^ ^9 * ilajJal ajjaiC- 



j j ' ^ ° ^ jLuiaII 18.14 (J^yull 

L ufiuIjUl 
— L J t^UjjjV “L J-a 
. "L J (jxi jj n -a 

Ljbajjji E.coli tilllAJ 
t (isoenzymes) ^Lila 

Ig-La j j£ tAjjljlall 

Jj£ <j»a J^ila JLuu n 
hj/n ji jo-JU ^ \ 
AnuVI Jjhnj 
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Producer strains 



A\ 2.6.14 



A ^ajlVn A<L^)jaj ^jLuiaII I^A IjLqjc«I 

jjoliI - L £-Lo l A VV^'I AJ^LaJ! (jd^-lA L^jJalj 

Jjjiaj Cllljixk Jjl <j-a (j)i *Thf ABC (J jaluLAj Jlc. jJJXJj 

(leaky) a ^ *^1 ^ aI^Loj ^^a aI^LoJ! 

f * 2 « 

^ajjjl ^3 4jt3l_j]l (jjjol_j]_JjouV I 'ijiLl (jl .(19.14 J5 >Vlll^ j)Jxa_j]jjjlAU 

-L J] CaU AIUa j .W^ j lia. sjiL Threonone deaminase 

.lie. j£]j — L I Aiutila jAI jj 1 ^a. j <iLa. ^3 JaaS jjJjoi 



-L ^iiLaiil ^le V CilaJI oilA ^3 j-alll jjls jjjjjjjj L jya 

^£] jikJI Threonine deaminase ^ JUJ' yb liAj . jl j^J 

(jjj£j]l ^ioj tV jl (_^3 . o-lra CjI jeo o3e o^)iL»]l o-lgl jjl .4q;» >>i <sll li ^ n .nj 



1 

He SjiiiJl JUil 

; 

Thr r . Hom r j-ai 

l 

OjUjjjiUl 4e jU .kuiu 

(tdt) 

joju SjUJ 

pBR322 f ThrABC -It 

I 

pRSlO t 4 »Ad 

l 

A ■> .i \ iA 



A \\aC- ^Lgj l^jl La£ . (j±ui jIjjujjI - L (j-G 

Thr ABC jj-AAl jjc. ujlLyt 

•tRNA lie AjjjHa-a i , in . ii 



ali dt jkkll 19.14 Jiilt 

4Jilui ^ A luall 

-L jlliV 4^uilUI E.coli 

Jjiial ^ (jjjjjjii 

djl Lalt JjJajtjj iA ^ Jje 
** ilia » CjtAuJ^L at laiml j 



. (pa. jbail J (jjjal^l^uuV I 1.1a <1U3 4 ^ Tie'll <T)ljaiJl ‘ <T)LuJl 
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<£>Lc. IgJ . Ljaj-aC- jjoiJ S^ilal AilUllI A y\ nil 

^r>«n»u ^CVhmIj 1 ^-^j jVI ‘*— ^ j)lvs A q\“i^k ^ ^3 .Ilo^j^Ij ^ic. AjjL^JI 

<c. S.iljj ^aJ 4\\aC- JS1 42j^ ^C-^3 -0 ^-j^'- 1 ^^3 (Clone) 

25 Jl I a^jx>Vi j§ 4 <!^LuJI <jl 11 a ( ^ >5 -axj • 

•Thr ABX ujj^jV -ii*j^-2l (jl-^a <-J^ 

<jl d a\c* .S^ikVl Ai^,^)-<a c-UjI (Juki's lil AjUiaj tlxJa d^A (JJ)^J>*» 

c_^a j-o ^h/>"uh ALoj^yL23 Sjalall L£>laJ! ^jli a^-joiI j (jjxu^]^jxjl a jQ l-i J O. y 

^JALj . (jjjjjjj - L (jx jlc- jAjJ Jj..' i-S ^C. ojAl JJC. 4 jV AAj 4^_»_i_a 
klxA. Uj^)3j IgJtix-N Cjj)^"' ‘ 11 ajSiiuix]l kc.jjxll lAlA ^jli IAa j t jxjll (jc- c_a3j2Lx3 

1] Ax ^Axll djlAxa (JLkjl AXCxSI ^jxdA ^3 4 ’ll dlLiLudl yx j . ^JxjAlii 

j ' ■ ■--> A tjsl-ill J'.'’’*'' ^_jx ’ l ^ A - v i> j ^dil — L 3 jjjj — L 

ctdh (jjaJI Axllxa lAlAI allj ^liilljj J! 4 3*^' (jx (jjjjjjj - L U 

.(jjjjjJill j^Sj £ 1*1 Ux cThreonime dehydrogenase ^jjV jiA ^Al 
A As tThr ABC j j jy jY 1 tA jLi ejLajjpAl AAlc. AALts ^Ic. J y V\ 

Aspartate ^gxjjj) I _ S A. I^AIjAL l AJY-x (jx ujj^j^ (AijK) ^ \ m'mJ 
.jjjjjji - L _ j AAA jjxjlLdl Homoserine dehydrogenase j kinase 

o.i^J (jjJJJjVI Al j -^1 .i iVi.nVI l 1a.j.>ax i— aJlik Aa Ali 4iUia) 

J V] ^ eiAiLac. ^j, PBR322 (JSU1I .\;x jA2l ‘Aj__>Jail 

(jx v 'Ki< AixJAu pBR322 Aixj^CJI (Jl^n.J (jc. elij^a.1 A.AV 

. jIjiLxVIj JXiaAl (jx ^jlc.1 jAmx ^Ixjj did pRSlOlO dxj^All 

Substrate uptake SjUII ia.S 

j^xS t^Hixil ^ n x V I (_paxadl j«xi ^3 A jAjxII j«xi jjl LaJ 

tLaic. .Aj 3 jt oAxSi j j; A 11 (Jl,1 (n>iV CljlAxI A1 _iA A-?^ 4 u' ^ JJJ-daSl 

^x 3JlaJI liAj t jjjfLA! ^lAAxI ' g i**' x j V E.coli K-12 (j-« aV^Lx \h J 

(jl jAl (jAUaj Jaadl . (jjjjJ^J - L U 4 •s’V'xll 4 jL^iVl dlV^Cx]! 
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4_A" aC ' 4 (j-o j£*a La-a CS^^Eu) ^g3 jlj_ya._j^ j j j5 ‘ ‘H 2v\ g "l . >iV 

^3-»l.n\l jj^Jlj JiLa^a jj-aUalil jji& -dl jl .(20.14 J^ui.llj j£j 2I 23)1 g"u»l 

^»Uaj j* (jjilj ^gijLaJI JSLill jl J-Lrx iE.coli HI55 <E)Lu ^ SCR 

jl .Phosphoenolpyruvate: Sugar Phospho-Transferase (PTS) 



a_iiuijj . ■Cj.a >,a9 j j . -ill >i2 ,_gJI K-12 kl3)L2l ^gJI Scr ciil ij\ ^lc2 



Ai^UI dlL22l 

j Hydrolase 

Fructokinase 

4_lLaC- ^^gJI j5..ill 
liA .4jj£ ,j2l LpaJ^I 
jj^j ^Uij 23 id j 

o ^3 . 21 23)1 g 'n ,2 

CSC ^1 j^il 

(_gaxJ ^g3 J_ji._j2l 

.E.coli dV3)2 
jjj£L2l Jii tkllaJI a 2 
2 ^)Lay JisU a li.nl 

CSCB jttJI CkJ^ 

. dli jj j j2l £-a jjl*j]lj 

dll ~i ;-s \l 4 iVal ^1 ,'iVniibj 



(Transposition) 

jj^JI 4jLli 



o jlaall 
‘"'l-S il 



23A«U J* CSCB 



ALlis 23)2 ^ jjj22l 
. JjSjkll 23/1 g~ 1 . .ll ^glc. 
<d) 2 l 23 )L 2 I jl J 




E.coli S j i ..i al lj j£dl ^al . /Via l cjUil 20.14 j£dl 

j* LaS tS jiuill ikJjj (translocation) elijil OjjSj 
P hosphotransferase fjjSfl »UxI yJI ddb JUJI 
OjAJ CjUjJjjjJI (>ljj lijjaj jl <(la*aijflj jLdl) 

J j j S . .i ll JaLllI aa yv \ dl j~l. .1 J . (^jiaj) 0 jQ. .1 A II 

(Jij cj^U-a (> J^lj (.2j) Phosphotransferase 
j^yVI (> OJ 5 - 4 J-* (phosphoryl) Jjjjiuill 

•translocating glucose) (Phosphotransferase 
•PEP = Phosphoenolpyruvate dlijjaj = Pyr. 
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(JLa.ji (j-lc- Sjjli jjVI n^il Igjl VJ i jjjSuuJI aiJ i _ s ^c- ^L^al ojjli jjc. alul£ 

J*U. aea jTLi ^l^kioiljj .(pmol min" 1 ) <14a/ J _^al£jj 9 Ja*-aj j jjSuJl 

a_ja._^a]l ^Jay.A.U jjlfi J iA^L&^j (_} j-olStlJ 43 la& aljjl ^»li‘l.all 

.1^ CSCB J> ^ ^41 <£U! 



Production process 



^UjVI 4oL»c 3.6.14 



iaxuj ^3 (jjj jjjj — L 1 4 Vn.41 A m.Vig <41 <DLu4l jj.aV' 4_iLaC- i" i.Wi 

£-a i4Jjl ojLa£ j j j5 . til j! jj^^iaJI ^Jc. La] ! LijnM 4 j‘Q» -a ^LLa! j)^ 
laVill 4_lLaC- -Jt-j -*j II J!la lq» a iimj allljj£-a jj-a 4_Lila 4_La£, <alaJal 

<aL-bl .jUIj 4jjbu]l <jlac. laij tlJjl jfLJI ^g'n.il j (Inoculation) 

^ajjj ^aV l,n..i^ j jJLiA J£i jl jle i_J£joi ^_lc- Llj jaaL/l Ail-aial ‘ . ; c4]j 
(jli ^ jll ^ a jLluJI (JJjJa Cf- (NH4 OH) 

jj<aVn <jjlLa 1.1a. A Ig 1.1 (jJJJJJJ — L jjaVI 41La. ^ 4 jaj'll jILal 

jJj-saA^ CAjj^) 4^ 4aL-bl ^aelall ^jUII J L' iU->"n tjjJjauL/ - L 

. (jai£il*-a]l (jjJ^U 

100 j)jj jJJJ L -lal j)“n 1 a _JJ.aV4l cs^ - “L-Lau 77 _JJ^y -^* 7 ? 

4_jLac. i q > .->"n .%66 (J 1 ■-*» ; j £^a Lu^jisj ^ji3 j ^C. 

(Jiu4 ClllaJla-a ^3 S-LliSI (_£ j ^^aSa^jJtll ^cjlill (jj_j£ij (_paiiCea (_£ jjjoiaJ 

(jljji]| <iiLlS (_paliijl in.ll 4 Ig Hi A 3-at^. (jjjjjjj - L (jj 

5j1aj jili ■‘uL&c. .j_ja.j4SI ^L3I 4a lii£ (_p3liijl a. innij 

l^a-ujj jaSjl' Alajail^j jl ojlj^JI “OsluiIjj Loj (Coaggulation) 

.Jjjiill A ln.il^j oj_jllil <±LaC- Ijlij ^aJ (j^J 4Ua Jlatj .^JjijJ -^uLaC. 

A_ia 4%90 — 80 (jjj (Jjj-taa-a <ia 0^4 I lliajj ij>^>a (jl 

ej}-T\ (^1 A -n! % tdliA (jj^J -^3j I^A .%90 ojlaj A^j^j jjjjjjjj — L 

.ojlaill Jlc- jjjjjjjj — L LS ic. ojjLII Sale) 



578 



L-Phenylalanine 



JALfl-L 7.14 



Biochemistry 



AjjoaJI f Luu£Ji 1.7.14 



C.glutamicum j E.coli A-kJ jj jAii JJ-yi -L jrtli) 

j (jjiuijjjlj — L A_;LaC- £-a ^aAaj ^jjjLH (Jjlid — L A. jLaC- liljlauJj 

j vil La Ai£4iill AjjLaj^jLH A ^iaLa-Al o A ^j\ . ^jla jlxijy ~ L 

3-DeOXy- (DAHP) J] CAijjjj Jjjl jAjiilj ClAAja — 4 — jjjLjjVl i i/iki 
A Cua ^Js ^iLja) £4 tD-Arabino-Hcptulosonatc 7 phosphate 
JAii— L U^*j .(Chorismate) cA jjjkll J j^jll A. J) 

aALA eiil jJ-i-. CALL (jjjVI 



^ ^ .(21.14 JLS1I) 
DAHP L> t'-A' 

LjA ^A Synthase 
Cj 1.\)>1L jiAj E.coli 
.aroH j aroG j Arof 

1 J J- Cjlajjj^l a A u.\‘i j 

LlaaAj 

oA jjj jl .(Flux) (jaJ 
aALAI ~!v*.a\' eiiLaj^jV 1 
a 44 L=k. (J£ ^ t 

^uA.-a-A'l ^ya A..k 

u jLIj 1 A j A A jijaVI 

(Aspartate jjA 

yA 0 -a.;]Vnll kinase) 

u) • o 4 jj ijA^i 
A-llLAll (j^S %80 
DAHP- _il Alkll 



4 - - 4 jjjJJjV' 

^ ft. Akli j J jj j*iM 



aroF 



DAHP 



m ^ 



■-. i ■ 

(shikimate) 



aroL U .".I ajCjA.P jl *nS 



Trp 



(Chorismate) 

pheA 1 1 ' s *+j*l**&>* 



Tyr 



I iiijijjJi (Prephenate) 

pheA U ■"■' ‘jftj j;h pLa AC- jU 

prephenate) 
(dehydratase 



tyrB 



[ 






J-uot JaujJ L ( * 1)4 jLuLA 21.14 (JjLutjl 

J^ju c ell! j AiLuaVb . jXjjjLi oji^-a AjJ iji Jc-lij lj! 
.AjJjIaI! Jii U£ E.coli ^ isoenzymes 

.SlkiLA S jU^a Aj<uni J\ (JjUoaJlj A_tuuj jll cjLajJjVl Lai 
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(jlc- ji j jAdl j .aroG <5 jiA ls'^ ^ jjVl jjA synthase 

chorismate ^jjV jiA l^A J£j tA*. jjjA AA j]| cA 5 bjaaSI aIaaSI qa 
CkJ jj <1 JA ^ill juM\ (jj .Prephenate dehydratase mutase 

^ tii ii' jj 4J jAu At (JjIjjs L ^ ^ -' 1 ti 4 AAjj ^ ^ ; pheA t 

4aA ^A PheA j juAj 1 L 4 ti 1 it j j y <a tyrA 

•tRNA phe 



Production strains 2.7.14 

^ ^LojlL<JI DAHP a_i11jl9 ( ^Ic. 4 vTmH cIjV^-uJI ^ jj^j 
Chorismate ^JpVl ^ j <aroG <jjaJI J aroF o^J <iaJ jj U] l$J jLU j 
^Ja-ujl jJ 4_1 j^jolaII j jSI ^AIS fjlLdl mutase-prephenate dehydratase 

— L 11 -AIA ciiljAla Ale. 4 yiAi ciiY^t-AI (jjA ta.ac.lAj .PheA (jjAl 

j L i.i. a ]' eiA e_]Aj y±2 1 jl a ^Lu-V 1 a A .iA . Aid l_jIjA ALi& l*Aaj . j_iA j jA 
-L CkJ jj ,i;J^V)il jAu V Prephenate Jjj DAHP t> AjiAdl 

jA jAVI l_llAlj . j]l ti mill i <lxujjy| ellLlllxill li ^jAsJ Vj tjjjjAjjjlj 
(jjjjlaik Jaia AljA (jY £ljIA (JjAjja Ajli Y]j t (jeui j Jjllill ^AIjj ^As 

. jju jjjd - L A 1 Prephenate —St (> j/AI .A 



^ (Anxotrophy) CdlAJI ejiLdl ja CaU ApA AUa j 




Cl 857 (Repressor) AjI£SI ^aaJ E.coli L> ^u J .(alii jAd) 

APL promotor jlA £-a A AjdAll AdUdl ^ JjjaAl j ajl jadl (jAardt 



jj£jsj IA j .aroF j pheA 4_uajjj]l cjliiAl ^a jjAidl (Jjla jjj*j ^-A jj^aadl 
jAi Ajajl t y . j c ,il Ac. aljjl ^jjjVt ciilAUei ^^A AJUdl ajAAl ( ja 

jaSS ASbtil jAtjjSI i _ ' aJAAI jl jV' 1 1 ' ^ AjjjaSI JSlAaSI jA j^aAlit 
il.^Si'n.t Jjj AljVI ejA jjll 1 “ iljtiA. ^ja jAj l^jl A . A.yiAi 4 . u^-aiVI 

AliuJI jjjA A jA -j jjL CiA (Seed Fermenter) ^-AASi jaAI 
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^ <— Aj-uJ L — ^ \)>^ 6^A (j£] J .IJa. lfl.iXjJa AjjaliJ^ll 

. ^nxlil! Jlc. <_£ jJ-uj-o 

Production process £HWI 3.7.14 

(JjLliS ~ L 1 Jlxill (jJ-9 4j nxtVl 4-11^. ^9 La£ 

4 -a^n - v ^\1 -<JI 4 jjUJ 1 dll jloaxll AA^jlloowj 4 y y.\ J& (JjjjVl 

4oago0 4 u >i iV I 4_lLaxll ^ ilAVi ^jic. *^)1—J"'l' (jj £j . jooi^all 4_iLaC- ^^ic. 

44joUJ^)1I 4juj^I (jJJ ^ t' ^ sjjj^ij (_ 32 J £jjjj t ^ ; t(JjVI S^j-moul 

tiilidl jjJaua^j i4 ;jj-al' 4 VVslI j (JjliiS — L (_s^J 4 4_iLa*J 

(jj£j V 4-jjlkll i) ‘es-^ *- . iu j I I j .CO 2 j ‘(Acetic acid) 

(JIAa. ijJaiu (Jj-l*j A] AJl^. idliA ^Ijlljj 0 o^&iuios 

.(jjjVI (JjliiS — L ^tiiV (jx^jll L A i 4« (22.14) (j£.i.'idl jj . 4 \l 

jjjIj 4 j ^llll liiilidl ^l 2 jV E.coli LjjjAj ^ (j-aSj 44 u 4 J^)ll 4 K .* .41 j 

Aj^jSJC. 4 i-. nl^ju.it (jjiiiklill jjla ijA/l ^inl . 4. ll-aadl as-liS, (_£jii ^ ■ ■ 

ciiLi^-^-aj ^laCu (On-line) 44*1 ja cjULj Vjl ^4 j ‘^A^ilL Aj^iiill 

-4.|J.;-*11 4 VK1I jjSljjj ij£joi1I tdAlgioilj i(j4^joiSVI J)j£jJ jjila 4 ilairll 




jj a^'ill jj-O 

4 aU’.I ■ -illajjj 4 a <".4. o jjouj Jj‘j 4— | ^LuV jjj'il 22.14 JSoill 

.(jLajVl jo-asi JjljaJI L# J Ifrl fUafrV uLLud) ^ 
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(JjaVI Aili^ll A ; )1 a* il JjLk ciUi 3 xj 6 3A AjJI^a jlxj 

Cilia. C JJX'V'll A j\aC» qa 2 Ala.JA]l LjlaJI (Jdd IaC^C. JjaJI Aj3*J Idj j . JjaII 
£-Aa ^3 ^jjoillj . IjlJj ClI^lluJ 33 ^)aV 1 (Jjl 6 ^aJ ^JlSI JJl (jjLl 

^jjdiijj cciliL^JI ^jJaAa. (jl^£j ^Jj IjlA jV J>55 ^Jlc« j£ J (j^^ 

• CO 2 15 J^Ja ^5lljj C5^] ^_3A? (^jll jj£ j>\>51 £Lol tdisjl 

(Jc*a ^ic-lj AiIaxJI iS_J ^ J Lilajaij ^)SjuJ! Aj3xj (JdtA ^jjLi (jl <» > Ic^Jj 

. CliLaJl ^1 Jj £-1 a5 AjJ dll J,hxi (jdJ ^JJ di3 Jl (jdijj i ^\aa AjAxJ 

.3 aI^^aI! L£>LaJI c jLx^l j ja. ja\\ ijjjIj — L ^ali Lode. 

^A tjjdVI (JjldS — L 11 4 VVia.51 daV^jail! £}A,y <jli tlLLoa Jj Ia£j 

jj £ jj jldkl <4_ik .(Tyrosine auxotrophs) AjSlic- oa^jjJ djIjL 

AIj^I! j)A Id^ll Aja^II d-laJ ^aJJ l-l^Jj ^ jJI 4 Jc. Ajld J (jjjoi ijJj — L 

appall (Js-LCajj . lajjaiA ^^JaII j\ J1 Aia£ i^lj\ g*nnV Aj^j^jjJall Ajjj^H 

. jjSjkll Aj3Ju (JdtA ^3 JjdiJ Jj (_£3jj Iaa 3 ^^3 ll^ldl] A, ixJajV 1 

4 aI^jaII LilaJI Jdd jjl (Ji3j 3 aX^^aII AjlgJ <J c^lildll osia * k jl Jj Idjj 

.^1*3 Aj\a* 11 l_s3jjj l g na. j (jdVI (Jjli£ — L 15 Jldaj ^a£ljj l$-}3 C* vWj V jll 

J ^Jc- (J^x-aaJ! Adl^cj ^ n aV I (j-alaJI Jlloll ICA ^da^j 

| jj c.Qj^a 1 j (Jlc« (Jjx^a^k^Q ^jjjVl cJjll3 — L (j-Q 

. L .Q.^lU aL 15 o^Ja-Ujj (3-J^-J t A j.^!a 1I dliadljlaj! ^^3 Ao.^u <■** i^.lA’util 

cJ^Ia^ — L 50.8 ^Ifj ^aJ3 »n A3J^)ia3l o3^_ J ^aJ 

.AjAax!! Ajld ^Ja 1->qA c_d*ajj ^jja^j ^3 %27.5 (^AJ 

L-Tryptophan jlijijjjj -L 8.14 

Biochemistry ^j^ 1 ' 1.8.14 

Ajj . ^jjar *.si AjI *))a J 4 ^>*-^21 Jlc- ^d -0 ^ (jli jiijJjJ - L (jj 

.^gjl j)j*s\l dJxil Jj dlldjodj Aildaj ^3 JlAxLoijU A^joi^aII A_i1iaV! (jdlA^Vl 3^.1 

E.coli (j-a Jl Ja (JIaxjjoiIj ^ uaV 1 ^j>»A^fc51 Ij^J 5Jl!*3 ^Idj diLA^c. J jdj 
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_1] Jtiill iVl j' Ale. • Bacillus subtilis j C.glutamicum j 

Jjli ^ jai« J 4.^-sj (Precursors) cjliiL -L 

<Jl*i ^Ic. tj-a £■ jjll lift -loJxJ .La.lkkui^ (Jl j V tsjliill 

SjJaaJI ^311 .(23.14 J14) Biosysnthetic tryptophan synthase 

Cy* <j^4 j'. ; jT'" 



Indole-3 glycerol phosphate — > Indole + Glyceraldehyde 3 - phosphare 

(a-subunit) 

Indole + L-serine — > L-tryptophan+H 2 0 ([5 2 - subunit) 



(jl/L-aikalt (jli& 

C-il-ii. j A 3 -i > J 
(j] .P J Ct LaAj ^J_pVI 



<L2udl y^Lij a 2 p 2 ja E.coli 
J^aiL J (jLaj ^21 t (Tetramer) 



(_yo yijii j 

Jc.lij ft jisJj .p j ft 

Indole- 3 -glycerol si-a jlkijl 
jiki ^ cphosphate 




jjjjjjo, — l a i/Ai <Aac. p 2 — -Aliill 

•u^jAl£ _ L Jj^VI 

jA IAj 



J£-Ju * wh ..j j) Vn< t i 23.14 JluJt 

AiLuaVU 4 lIiLLuj i jk Jjj* 3 JjAjVI ^yu-Ja 

jUj^i <u1ac- ^ tfiij -l ^ 

Jl J^a AjlUj QlJJLUi — L iSlj JjAjVI ^±klu4J 



Precursors CiUjUSI <>» 2.8.14 

-A11& AlUi ^gic. ^ yll E.coli IAA. <JA*lml -^Au 

(jj^SI j TrpA tjjaJI u) -(Tryptophan synthase) jlAi^ 
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<j L?* ‘ P j ot (jjj^jl] jl jLiu (jjilll Trp B 

<■ j (Repression) (jjjL Cf- cs^' Trp EDCBA 

14* cj jI£ Uiis. ^ c>a>J' uiSn.Jl E.coli SjAL. .(Attenuation) 

jVI AjjjiJI eliliicsJt i i.li. ci n» >>>,41 A glVio 

Tryptophan ja u^jj^' t> %10 Jl >*. <jla Alii • jjj^jbl! 
jl ;_>« ^ j]Uj .sj j^. p — ejtia. jil joc ^ ajUj £-» synthase 

^aJ_pl ^_ya ( sl£ Jlc. (j! VJ 42jVI ojLall l"n»ij\ 

.l^jn-a J&IA2I ^^ic. (j3-a*j p — Ajjjliill j j =>. j iihj£j t Synthase 

(jl t j jJU^ua£ 4_iiaaii| Clllcliusail (j-a J j-lAM ^^ic. J j>.n*'4l yS.xij c 

jjj£j <jLaC. (J4li. (j-o A£.L=kjluil jaJJ tjjjjJjoi — L j^U^uill 

(J£jj) <jajj Cjljlrs J t^jjjVI JjLiill LiAl jC. jjLojjC. ^BVnalj tjSuoill 

^JJJ i(JjA 10 oj-13 alula j£jl jlj-oluAj JjljVI l 'l l > >; .(24.14 
Jj-iAU I.ia^ V_ysi> 4LjLl! a4* ^yojjaj .On-Line ^ A* \1 JAi. 4ulc- A. .11 

eiiUJUJI j) 75 Jljaoj jAj J_*> -L play 

jjij ^jA j t(24.14) 3^21 (_y« iiji (jl (j^sj (jlijijjjj ~L J jA^\ 
.(Pyrogen free) {jr *E\\ eulilj* t> JU. j ^Jlc. £ yiia ojj^j 




AjIIaj MaxJ £-a ua Lua. Qd jV J-&I 1 (j -4 (jjja^ — L fl.vVuaV Jalaa-a 24.14 

ULlui^j AC- jj E.coli ^a Jjaail liA . ^jli jojj jail ^U^VI ^ Aoljl 4^ j-a 

. Jlc- jllla-ui jli jIujj aJjii JaLuu lAAaC- j 



584 



L-Aspartate 

Biochemistry 



jUi-L 9.14 

f LmjSlH 1.9.14 



cJL £_J j J£ii (L-Aspartic acid) AijLuVI o^ls. ^, 1 -su.n 

Lalo YojajU SjLail oA ^gio i—liiaSI jbjl . 4lV.\n.oil jl _ja]I ^gi j c^gjIA 

( 3 ^ (jj^ 1 ^S-2 (jc. SjUo s^Ldl oA j .4 jV-s ^ ojLa£ Aspartame SI ^lij 

200 jA2l <> s j5U J&l L-phenylalanine j L-aspartate 

,< 12 a 4_jjl^}^. Cjl^>3taj Cjli 4_lA_^ ojLa£ Jj^uil Jl I g <uVqi ^Jj 4 0^0 

<ji Vj i jxoCiJI CkJ jj 5LA j jl£ L-aspartate J <> <Ajll ^ 

AjLaxll ^Jlsdl ^tiiVI 4 . nun Aspartase ^jjjl ^I-^iaU JASLiL ^jVI ^eiii 

^g3 La.lVn.i.all CllLaJ^VI (_jO kjj^}*-ail CiAllVI ^gjol <3° tig iJAl 
oj jAA AjjjJaSI .(jjjjAll j ^jljll tj>.->q\l CIA ti-^V) Cjjjd AjLalill 

^jAall ^_ya 220000 ^tll (jSoASI ^ya 4jl 4a. ^gil jajJlVI ^1. lVn.il SAolj 

.^jjVI (_>o JjC-jSA J5J 

L-Aspartate au JjLl 2I J jUll Aspartase jijUJ ^jjl JAj 

AiLjal Jo 'ill sjl& Jo 'ill Jiaiijj .(25.14 JAiil) li 3 -aVl + Fumarate SI j 

A_l.,„l.l l ' s _olj E.coli a jA' ^jjV' uj .(Amination) jAVl 
ciljjjSU Am La Li.U. jjj jjilb 196000 ojA ^JLija. ojjij (Tetramer) 

^21 ClLoiljJI 4jI-}j 4l^>gA ,_g2l bjjASI lj jl>.»i21 (_£3a._l (jjj .AlliilSI 4l3*AI 
4 ^-Uij Aspartase 4 -i,«.iy J ^21 4 Tanabe Seiyaku Co. Ltd 4 £>i> Igij^ i 

JaS3 AoLui 1 4 . -n ' oJLal J j A -a ^g3 j»jJjVI .!-»—> Yuri .^jJjVI 4-jjl jV' . >il ^»3o 

Llo 4211*3 ^ya %10 c-laj Jsv2._j] 44il]j £-a .41121*3 J q'Vl JaaAL) 50°C 4a.j3j 
'A j jgi AS .(Polyacrylamide) AALjSl ^ ^JiVl .lAi ^ 
(3.14) J j-iAl ^ .1 3 j J . J.^VI AijjJH JAj 2 Alii ^JlajAl llj’q'ill /yet ^jlll 
44ilj>uijj o3o aJLjo (_>. £lj 12I ck-Carrageenan >«2j2l i v ■ ■■' jl 

^g3j 4 in.iill 4_i^.llVI ^g3 J1U (jjm V ^gij 4jjaillo 4_Lul j j|^a JLallulj 
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t^j'Vnu i 5 ajLallj . <j j' jV~> > >il 

1. <1 . ^i ') jmC. tillij! <jl£ Cilia. “LiIaJIj <ijULa ^JijILa JJE- La^J (JlLaJ lilAj 

l&jl jiiaJ >." '\-a»"u>il ^^33 Ajlk^aVl lAlaAl <l3jVI tyS _jLaia3l <jnj .Jaa3 (jilijj 

L- J] Fumarate —13 Uj-?- gjii Fumarase ^_1& 



lAlaAJ ALaljt_a3l a j]-t\ <." iqj > a K>a<ill a3nA jjLaaiAj .Malic acid 

jLaJC.1 j A qj5.a3l lALaJI ail& (JlLa A ’''Vu.ill j . IjJjSJ (JASJla lilA 

^jl^ill Jjk-dl jli Ammonium fumarate <> jV ^ cAj <y> j£j> 
jVj^ > (_AL« 10.7 j L-Aspartate ij^ 987 cg j3-s n > i ^jHa13 

t> (j^ cr^ 1-9) cjU£ Jcliialt jjc Fumarate <> 

.(L-Malic acid) AA*1\ 




. jljjliAU AjlJl Jlja “Lllaj liijAflj ualjLajiill 25.14 j£AI 
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ejb jUui-L ^bj) jaJI s AL> E.coli lALi. ApliiY AJ jlLa :3.14 Jj-laJl 


Anwull ApUjYI 
r, (%) 1 


(^lj) > a./aill jac- 


^ jUjbuiVI AalUi 
(IPU fljG jjSjU) 


Jjj^j A a 

^Vu^L 


100 


120 


18850 


(Polyacrylamid) 


174 


70 


56340 


(Carrageenan) 


397 


240 


37460 


( *>(GA) cP^h^ 


1498 


680 


49400 


jjLli^.1 jl£ 

(,) (HA+GA) 



Hexamethylene diamine = HA 4 Glutaraldehyde = GA (*) 

. ‘ULaJI Sjj2j 4 Culiij Jolt (ji AaJlxil] jUuC-VLi (**) 



Jc. JjaC. ^2 0.1)La lAlbJI 4 i.^ij i^bi^l 4jUc- ^Ijjl 

£ 

4.133 1 i - Ujlj' <C. a a (JaJ^all s2a (_j-o (_]£ ;j_j£aj . JaJ^all 3-}*!la ^Uaj (J£xi 

£jx2 <Hji 2 4bL&*J _jA i (J jVI (_pa^)i31 * (j.) * A^)C- 4j jl j!i<a 

<sUal] jj=^ Jc.lij ja Aspartase —31 J&l£ <jV ^ajjjVI <JUa3l J<b 
si-bl <> J£3 6 Jl ja. jjabj clip. (Exergonic) 

<Aiall jj^ 1.3a. “bjjS (jj^J oilAj .4jqi'A31 «<■ ■ >41 ^LllYI Cil jl.aci bi3 jY3 

^i3l Aspartase ^jji J&lib <5Ua3l ja. ^biill jpbl JYU. ^ 

(jbjxx (_pajL-aa. o3bj _j^3 (_p3^)aj| Lai . J yz> ja 4 Ia^jI^Lc 

^aJJ 6dl3 ^11 ^ j-axll JaliuJajl (_£ I ^ Wl 

^jIj^)juj J^x-c . Jj-axJI ^9 fi-li^. (jLi^uj ^-Ic* 

<Lal^]l AILqjVI ^I.A^Jjajlj 6 ^q!1xj1a 1I 4 jLa* II ^AJOJjj IjlA .ACrLuJI 
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jYlall AjC. jj ^^11 _jll AiLaatll ^^Ic. Ajjlill s^iaJjailt j 

1 g jlc. jJ-inuall j a j Yu., .all A jla* 11 £>ll& (JlLal oJuli 

.A Vila It Cl^Ljaall Aja^l IgJI jia.! 

.LiLa. ^t. j^cXutj ^} jm 200 Jl _^a ( _ S A Aiaj jAill A i.n-s ^.11 Aj]l*ill (jj 

Cluj jLikjl - L 11 (J_y-aa-a (jli ijli] 1000 A^aja ^I'lA'nnl (_>^aljj 3 Ljj 

^jl^jJl ^jliall Ajijj . ^ .. ulI Li (jla 100 (_$ 1 t.la.1 jll ^jjIIj jia 3,4 jjjfLlui 

.'ij_j!L]l ^1 IVh.iIj ULa.V 



Outlook 



‘LMLm S jlaj 10.14 



Aj.llVq'ill CllLa. j'Vuill jjjj j^a (jVI j_g^ AdifoVl (jJaLaa.Vl (jl (j* ^£-^>11 ^^ic. 

(jla AjIc-j . (J£ojUj sjaLm Sjljj Igjlc. i—Alall (j! VJ tAjjaaJl Ajlajll 

liA^a (jOAtJj aJj.la. L_LaJ Yna iA jl.a» 11 ^j 12I jj»>i ViH jA i_j jU-i.aH 

Ajai&.La is.ll.la. CjLo_j 1*-“ jaJ £alj . A a ']) a 11 dlV^-aall Aj jLiic.V 1 JJC. CjIjjSU 

jl J 4-4 A^qIc. fijuli djl j 

.<Lcl£a ]1 Clinic. UjJI ^J^x>a ^Ijj^ (jaj 

CjIj1aC« djLa^Lt-a ^33 cilE ^^ic- 

A Ajj.lig 11 ^-ojouJI p\x \\ j ^) :> lqVu\1 Ani\ £a JaL±j^)VLj CjV^EJ! 

jrllij j] .U$iu JL-ajVI (jLliaj ^(Metabolic Engineering) 

jli ,<allk-G CIiLuSj fiJc. jjj £jlj (JllLa jA Am^V 1 

J^^il Ci^jl ^3 (Kelp) a_lu!c- ^lc< s^SLaaI! ajjLUII JLac«VI 

. ^)AJj-a J ^LaAjj ^-cJjabQ (J^uan Ajjj-qI ^IjjJ ellLiLaxl ^jjjLojVI 
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Introduction 1.15 

yA 4,q'i''r^.x 4 1 -ili'I j\ 4 ai"- ^’1 4 . >>■» \i ^ual.x V 1 ya .li-ixil 

(jj£j 4 xjI_jA^/UI Lljj£JI 4 xxu]Lj .'il jill 4 _jjI.1jj 4.13)3% 4 Jl l- 4 nKH 

o^A (jJ-3 tNADH oJllc- 1 (jx (j£xj 4 ' 1 1 M j l _yalx^.VI o-iA 

. . liii j4J /jxaxxaj uilu£All i^l!ix^ j*'U Ixjljx (jjfLi ^jJaLa^V^ 

^3 4,'jj. >.» 11 (^aLau.Vl jj jU tiillj (jx (_5^C. 

^a-lc. (jx a-llc. Lillj t4_)l j^l ojlxll AJxlS Jjc. sAui£I 4 -v n”i ji, CjLj j la 3,11 J 4 xjIj^JI 
^jx ?£- ic- j ,4xj.l*xll .jxx c4_ixjLxVl C1 jL).1ax]I ^jxaaeJ _-3 

V i— a _^ui3 iClL%xjxll ojlA £Xjxal 4_L%Jjxill CxUlLlxll ^ f lxll tXtiiVI 
^xll 4x^xca*JI ^aLx%V 1 (jj . Jaxasll I llA ^3 CllL% jxixll ^jx (jJC- ^ill (jj^A ^j±i ^lixlill 

Jjjxij ^^xl! (1.15 (Jj-1%11 jla jl) 0_JXj£ i “ ll ) -«5 ' £XxXJJ ^^xll liiij ^^A oljjl Ig.'ijxu ^XJjx 

.^^Ixl (JSxij jl 'j.'“'' 4x^j <■ " 1 ^ ;5 (J£joi ( _ s 1c- 
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h 2 c-cooh 

HO-C-COOH 

I 

H2C-COOH 



. tiL jluJl : 1 . 1 5 JLaB 



l^alj (jjlajJ A..um.u yll 4jjJa*Jl y2aL*a.bU : 1.15 Jj.laJ 

Ija 


(4l«JI/y]ajL£) ^UjVt 


(jia L*aJ 


900 




60 




50 




60 


j5 jgiV 1 



Citric acid 



(iLjluJ) 2.15 



liLyiuJI 1 Luiu£l 



(2-hydroxyl - propane - 1.2.3 - tricarboxylic acid) 



dilj cy^nlil diLj^S^s y Vjl (1.15 2^ ^)lijl) 

(Tricarboxylic acid) ^ A J h x tl J 

(JjS -a Jj-aVI (jlS (jjl^ (J£ ^9 .1^.1 jJJ AjU 

Aspergillus jlaiil ^ o^j l > ^UajVI 

<> c^Lijjj^jJI jSc. CjUaj ^ .(Citromyces Jj 4_^J mger 

15 -Ixj 4_iLixJ £J^)-uJI ill ^_iJaL<JI 

(j-o %95 (j-a (jc- i4_Loi 
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tiLjlwJl Jxaa. Jl ji! Aj jja ljI jLul&I) j AjjjJjaII uV^twJI 1.2.15 

Microbial strains and biochemical pathways of citric acid 
accumulation 



Cjjj •/! . nig€V _j)*i 4I JlVI oi& Jn.a\l t£lij!lui]l jjiaASi a 

<all djVVLiai]l J^l (jJJ _j?*i4l l.lgJ AjC- 1 n«-ill djVVLJI 

J AalVnu.aH Aiadil jluiV I A3 ^>juo <illjl£ £daj ^- a '“ Ajj;JI Ajlsull Jla-a J 4 Ai^)ju) 



dll jla]l Jjatl (jjja o 3 c. J £-aj .lAjjJajj aliliil (_Jlj» (JVLa. IJjjC- 

JoVi A^jJ J jj j]l (ill: Jodi j 4 Ajai. 31 £VI dll j/'lA.a\l (Jj 3 (j* dljdj 33 

n.iqiMI aLuLJI cjlkjlaj t 2 — desoxyglucose j 4 JuJI (ja aJUJI jjiljll 
qa Iajjc-j (j ^isA ul l LS ij^jj.ii£ll JJj t(Fluoroacetate) >. "n'\nJ jjjiij 

33 j . 1 g ‘ir (. AjC-lL-all Aa^) 3 «-al] dlLiadil JuiV I oiA AiaA I j! VI tL Uljxll 



£da jl 4(jx J2&1I Jr JjVI ‘Jj-lll J I dll ;-s jj| jUmVI dljij 
Alj . (aLijI .'n Vj j illjjljjl (Jill J jVI (_paA 2 v (JlLa lAjda^jaJI ^dl^jjll 

A. niger Jaill ^ ynjl Jdi ii^di JLaSI lli^. ^ 



(j-a^Ldj ^ j t(<http://www.gene. alliance.com/start.htm> Jiil) 
i> t (Base pairs) ^^&la ^ jj jjJ 34.5 Jl j*. J eij*. ^ 4 ^ 13000 



. dllj^ ^gjLail jJ^oll £jllli]l Jal£. JVLi. 

JajI) DNA dllajii^a ^ J ^ . s-i ' ] jdaLaJI dl3_jll ^3 djLaJ*-all o3A ?r.A..iIl 

j4! dlliraJI w '^*jA ^2 3*j La ^g3 IfrAlA'nul (JLaJ Jill 4((_jaiAVll J-aall 

4 ^)J.aAMI ^Lajj cAI^LoJI jjJaj £-a IsjUaLa 1 g .ajlVl'l Jaiikj J-lLa 



jldall (Jxall dllj J°l_j*JI 



Sjjli (Yeasts) JloV S3 r eA.^ j As 4 A. niger Jaill Jl AaLdaVli 
J] j 4n-alkanes SaLo j-o dL jidJI j-o i j ;5 djlxaS ^ Jl J& 

Candida catenula ^jVl JU^JI ^ Jdj .jJJJI 4 Jai 
C. guilliermiondii, Yarrowia lipolytica, C. (C. brumptii, : JA) 



593 



yal jlall ayaa^JI oaa J y jluwi :aJ yj .tropicalis 

yaa-a^. ya %50 JLaJ y)l y£i-aJ (_S^J ‘(Isocitric) 2ylaijjjyi yL=uiaJ 
yl ya j) . 4_ii jl <jAij oALa£ H-cll kclIlCS (JLa*liuil AuC. 4_aaLi. ty'nall i2byJa2l 

V y£Jj 4 _J&V ^ aJa« a tdjjHuJI yaaa*. oAjlj yaiL y& LlylLajyjl yaaai. 

Cluya.1 Aa 3 u yudl Ia^J ■ (1 qb-yj i-OaLuifJj < 7 ^ lilijloi yaaaiii 4 j«_lJ ySuaJ 

4_l]l*J3 ya %1 j^JIya.) 4-LaaA^ja ClSljiB A dllyila (Jy*J SAjAC. ClAylaaa 

A^Uall ^l^kloib 21 a j t(2. 1 5 j 9.2 JlliSn i^V) Aconitase yjyV (yyll 
.yLliiil 4 jl_^£ (Monofluoroacetate) cajjjIJ jjylay ya saUI 



2 A'l 4_llaC. ^2c. 2jyLall y>ia*v yjySLl 4_Jyi2wya2]l CjlyLaall (JalLaj 



jjjjJ jJ« j-21 j jj£ jLJI j£ 2 (Glycolytic catabolism) JAAA 
tcjjji21] (Precursors) clIa! ya Jl ILAj -cLyaL y (Pyruvate) C2 yyjUl ya 

• (2.15 (J^-Aall) ClnSyyjUll j 1 1 " ' n j > J yll j£ jV 1 j 



Cll}3jyjljll ya Aaty (Jya ^lAidaJ ^-A AyLajLl 0 A 4-taljia oyb-y 21liAy 

cviuJ yll jSyVl (jjjSil liilij Acetyl Co. A yAaL ^ yySiall CO2 — II y 
Ci^aI Vi-yi,A Aiily .(Cleland- Johsen Reaction - yaAya. - a£CK Jtlii) 
. " 1 ^ \ . .1 ylly^yyi yj yL yl£ I aI : LAyy •" >1 ) . ^ tJLLa. ya CaaJaly 0 jAAl 0 A 
y-a oAa.1 j 0 yjA •* L . o' j i 0jjj (Citrate) cjlyLall ^ 22 ^ ^ y .''^‘41 4.,.; lac. ys • _ yU-iali 
gJtillsj ‘C0 2 yjjl y* ji-iaa ,y*j Iaa yli ^Tricarboxylic 0 Ca^. Cil yjj 
yl £-a^9 . ySxa ^Jt£ 0.7 t tiLylau y y ^Jy^ ya y i2j yl I wj 

yjAj ya LaLaj yily ya 4 jl VI cjajSj lilii ya y!i ^laaJI Jjj-a^_a]l 

oJllc- ^Aga (Jc.lij tyl) C0 2 I Ja^La.11 (Jc.li2l •cLuat JJ cliilaul 
Pyruvate 4l~>. .\ ^ yAkiAl y^lyc-V l_j yAail y^jy£il C j\ ^a 

aJ Pryuvate carboxlyase yjjl J^Uj yli Aii Jl <aLcayUj .carboxlyase 
Ay^ya y!i La i—aLLi. ^j^C. ItLLyiialt y aa^J iSj!.'~' Va^-a CllLuj 

.yyi.V^ olyll yLlL^. CjljjlSlI ya AjAaJI ^2 
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jjSjiaJl 

* 















fJSLjiuJ) 
£A&jjgl\ 

^ C< N 

■ '- jJl j£jVI 

I, 

Ctfl *lt v 



jl j'u 111) 






dVUSl 



Ljjjj j£ juaII 



. 



''"-»■ CO2 ■« — 



A (vjrtiU - a 



V. 



jljuuJ) 



aiUiUjfl ■ ° ^ .liLjluJl (jA^aJ ^jjaJI jjliji! h>ina kUA. a :2.15 JitiJI 

.liLjluJI (jiaaaJ j jjaJI jjlailb Aiilc- Ip pill A ji*». p' Jl jaJIj 4-plpl 

j £ >q jj A «/ger jiaaJl Pyruvate carboxylase pji jj 

i_L)jaj aJJ > »l jj£lLail djJLUal jll j£ jV I jli I -lj_] J i(CytOSOl) JjjajJjLoiSI 

Malate dehydrogenase fj ji jj (Malate) dull* 

^r'Vi^ll NADH SI (j-a %50 ^pau S-®-® ‘(2.15 (J£»ilt) JjjajjjIPI 

J jjj jjjLdl ^ j ja. jJI dull ^1S ^.luiJS iiduAI I A jj .Glycolysis -LLP jj 

4iV liljjLuiSI (>=uaa. (jSJdl iljli AjaAS jj Glycolysis St Aj1a*J ^Ip guliS 

j£ jliLalt Tricarboxylic lP^a^ J^LiS s-ic-LoiaSI — a-jSjVI bAaSI 

.si jill APA dUitill (Mitochondrial) 



^_ia ja jA Ldj t jjjijl ^ddiJ jj^jaj£1I jLaaSI jl jjj^. 

liSjjiuill (jiaAa. ^IjJ *■ . jli t .gj JSdjj LjjlaJ ^»jC.Aa ‘(2.15) (J5 PI 

j jg . d jp. Jlj V PIpA-all jj£jlaJI jjs %90 ^j Jjasj cijV ja (JjjAaa-aJ 
dljiPS dalaa_all dLajjjVI S-< jl jAPI ^ IdLui jlsjeVI jlSj .(JaISIU 
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(Isocitrate dehydrogenase J Aconitase JA) (Citrate) 

'ijjJ J Clj 3 (JjV^ dlj 3 jj jl JutJ j£lj ttdjjiuJI ^IjJ j_gJ.nJJj]l 



idh jc. ^j . liiijluJI (j>a^-k j.;*V' AjLac. (Jjld, A^uiLala Aljllui 

ja jj£I jl iikljl t jj2J jA Vdaia.1 j!i£YI (jj .ASjLoJI d 'I ’ll aV- VI 

a£lj!ij Ajjjlc. aJ j_j£Ll jj i A u>a (1 j ja A ti.nl djjjjaul] CaJaLa_dl dlLajjjYI 
AalaC. (_j-Q ladlj jj£j .33 dll jiuill ^1 JJ jlj J^.1 Ljii Ylaii.1 idliA jl £_a j .liLjluJI 



JJ^I (Jja^alij ^ >- (J jj ■ -a-v II jClj I A . ^J hasll a^u jjc. j 4 ^jj^. (jjlVi 

CliLjal jjiLujV I (j>t* ) (j-a clgJba (J£ jLIujV <La.lL&]l (Jj^-JIj 4_^.jjL<JI CjIaDU 



.(6.15) p j^ll ^3 A • \ *>i ja31j SjjjjHa]! 4_la 1*JI djj-fc ill J 



4jj| jc (jajjl Sji Alauil jj eLjluJI (j^aA.v ^Ijj »jki"i 2.2.15 

Regulation of citric acid accumulation by nutrient parameters 

j»£ljjll IjA (JlLa jli t'ajjjS dllla£j ^aSljJJ jl liiljJaJI (j^aaad j£aJ jJ^- ^ 

V 1 ) SjJaJjoill A St k >)L^JI AjjIAxII C_fljjl£l]| (j-<J SjJbatLa <C> A C I Vl Ja£3 h^^Lj 

(Jsl jj£ljj Jj^j 4l_iIaa]| (j)y joi^Vl j tH j tjjjjj^ll ^Jj-sa-o (j-a S.}jI j jj£ljj 

^^3 ^4 . n ig cr jaj Lijl 4 . ( ciili-uj jA]l j a W u^ill (jjlx-al! \\ ^J!1a]I (j^ 

(jfLl ^ai (jl 5Us (jjSj ciLjjuill ^a£l JJ jli dAjjJaall c-LajV ^£-uA-i3 ^C. jj Intuj 



£^jj t— (JJLoVI ^1 l) J-^^N Ajj\ln,o\l C_fl j^)lsiil (. J .LojA*_xi 

diLiLac. <!L^. ^>^1 ^^-oaI cijli (j^£j cJij^l£i]| o^a (jlj ^(ftljjl Jsl^V) jaa^IiSI 

.ftljj 4 -^.jjjouJI ^JiLJI L_fljjia]l ^jJa jj (2.15) .©jjaxaSI l!i\ jj<qVi\I 



liLjludl (jjajo. jrllft? ^.fiA.ll Jajj*ill 2.15 JjAsJl 


120-250 


Jjl/ J^JoJl jj£jj 


<10‘ 8 


Mn, M 


<10‘ 6 - 10’ 7 


Zn, M 


<10‘ 4 


Fe.M 


>140 


mbar ti_uli3l jj^.xvi a2i 


1.6 -2.2 


PH mj^jj 


0.2-1. 0 


jyAj t“no, h^q\1 


>2.0 


^ jJJj-qVI ^"^LqI 


160-240 


<C.I_UJ C(j-oj]| 
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Sugar type and concentration 






^3 AjaAI Jl^VI ^I-Ixa]! ^A ^- 3^ uj 

fi^£AXA]| CjljJAaoll A-ll^ ^3 ^Aj ^tijj A_i1aC. 

^jIaj ji \\ CjLjSjoJI jj .Ai^Jox^l jrUjVI CjLIac. ^ tiliS j ^(Submerged) 

Jti\ Ja£3 ^^A jliyll jl jJjJIaJI J JIa A_]axJ A x^^jjaj \g a.IA 

. ^jJaA^J (J ^J3 a (J. 3 xAJ (Jlc« (JjX^l^kA l ^AJOjj 





(Cotton waste) Cjlil^ 


3^j-uV 1 ^^joill jjV ^a 

(Blackstrap molasses) 


(Whey permeate) 1 


(Cane molasses) 


(Brewery waste) i jjJI CjULl* 


- * 

(Bagasse) i ^All Jai 


(Sweet potato pulp) # jLJI UalkJI l_J 


(Starch) Uiill 


^jjjljlj V 1 Cllllli-A $. Ia 

(Pinapple waste water) 


(Date syrup) jAll 


(Banana extract) j 


- > 

(Apple pomace) ^lioJI (Jaj 



JA (jLoxixJ J t MJ il-ilL^. ^lill A-lC-l n^l\l CjLAaxJI (J^Lk 

(JjjV ^a]| ^C-_p (jl LaIc- . jIlAa] ^al^. JI_^a£ ^)£jjdll (. * U ^j£-uJI 

^11 (Jaxa ^ja jl J! Jj-a3 ^ja A_i C. _^ a 3I ^3 Cljli^ti^.1 ^jl^JaJ 

^3 jjjtj LgJ ^jjjV_^a]I ^3 a3^.l _P a]I C1Ajj£a]I ^ja 33c. Ju 1 ^aJ Jill . ^>^.1 

-1^. J) -1^. Jj V ( 1-1^> 3lXA C . n^.^pll (jl IaJj J Ct^L^pjjJI (J>*A^ ^Idjj 

A_i1aC. ^3 I^aIa^JjujV A-JjVI SjIaII jlilkl (jJ-3 *A_iC. ^pll ^■la.il AaIc- jjjoiI 

^gJI 5) 6^) jar Cllli CjI ja^aII ^3 L^jIjI A. ; ii.)S ^Ac- -IaIxj ^JJaViII 

JjjAl! ^al.^Vunl ^aJJ Ajj3^) £A (JJjVja Aa^,j ^^JAJ Ia LJlc.) .(10 m 3 
JjIjij (JIaxIujI A_ijI£aI jn-s a 11 <_£ jIuj-uja ^Jc-j C' \\\\ 33 j (a_JaxJI ^3 
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J (Jjl^ill fiJA (JJJ (j-0^5 .( 3.15 (Jj-^-ll) 4 -iljl 
4 jxnhnll djl^iiilll ^ \Uti) la£a o.^ull CliLsV jll ^^Ac- tLo .1^. J1 c aIL&xImjI jj^ajks 
j|^-o (aILojcLojI ^Ac. AaxjJall^) ^ jJ Sjljj i * inn j ^)jju IAa ^j\ V] . 

. j j£ jl^AI <— sl j-<ul jJ ^^Ac. <_£ jlaj 4 iilk-G ClL>Lja2 



Ulc. (j^fLs tiL^luJI (,J^xllu.uAl ^jj 

(JjiA^a^ll Lq^c« UJv^ 200 ^j-a C5^] 100) l^^i 

jl ciUA£ «1 Sj La£ ^jdi^s ^Ac« 

c> Jj* (Jll Clua. taliljlaal] ^jlj]l ^tajVI ( -»;lVn 4_ilaC. Ijijlj (jj^3^ 

j-il/^e 100 <>a Jat (Jaj La-iic- jjj£ JSuiu (^C-/^C.) jj^jlaJI 

(jla jliy^C. 50 (3^ (31 juSijJ 3j^ La.lic.J .(3.15 (_) £ » a ll) 

. | ^12. <lil 3 U_J^ *— y 




CiijA JJfr) Yps <_SJ itjjJI liLjlmJI (jrtat Jj.rTwi ^S j£*3l JjS jj jjjIj :3.15 JSaaJI 

« ( J jSjia, 4j| Lf l& i_i ju^aj jiuJt 3 h i< "^"" ,,a J>a j£i ^LaLaJI liLjluJI ijiaji^. 

.(jiui Jj^/J>«) liLjiuJI a*k 
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jj£ jj j 2 j jdJI jJaAi. Jl jj jjj liiVatli (Jjj^. jjJII 1 ^Jj A n/illj 

jj J • jj jKH j^J-dj (Jli ^aUaj jjc. J^a ; j^mll JUxll jj jlll jli i jSuoill 

-Id JaxJ i— S jjoj jS. mil Jl*JI jjg -s'lll i_jj jla dd jjSijlaJI d.1 ojlj j]l 

J& J j 2j .Trehalose 6-phosphate 3_kJ jj Hexokinase ^jj' 
jidall jjJI ' g \a i—sd. Jill A.niger dVV-ui jj A qjq^. j»a Cijlajll eJlgJ ^cO 
JIjj J ajlij djjii Trehalose 6-phosphate synthase 

jjjli jli tiillj jjc. oj^ic. .4 da-S j£joj jjl jj j ja. jj Jia. lihjiuJI jd^a 

j£\ jj ^IddL Jj jj (F2, 6p2) Fructose, 2,6-biphosphate si-J JUJI 
Phosphofructo kinase ^jjV jia* <jjii ja F2,6p2 j] .jiJI j* Jlc. 

•glycolysis —2 JS1I J2I j* djj 2 ^21 

Trace metal ions 4. h Wall 4 Wj*WI dljjjVI 

Sjja Xiaj i_ijj*-a (Trace metal) <12-21 jij«-2] ^ j22i J&\ jj 

IIa jl j^ jjl Jc- tkaali ja&ai dll ll^ca jjJjoiIj J 1-U.n.uj lid jl£j ALjJa 

dl ji.aVill ^9 42c. jA Loji ojja* 2I dljjjdjll ^9 lajjdj jjfil jA jll2l 
A In dll 4_iid2l dljjjVI jl jja jJj . (3 2 — 1 5 f.j2l jlajl) ^ )->2l 

jli ‘A.niger j2 Cjjjd jj£ (Co, MnK Cu, Zn, Fe) Cidc-VI 
jj£ljjj Jsuaijll J dl jjj jl uaj — Zn - tFe ^ iMn ” dl 2Lj — 1 g d» \ 
dlijjl jjjli jl VI 4 i2jjj 2I jd*a jpi (Jlc. Jjj-aa-a A Ac.) JaV j-21 iiJda 

(Jljjal Jj (Jjjj 2pg/l (JjluiAl jjljj jj dua t jh ill diLo dl2ll jjjilall 

Igj jj jll 4<jjda]| dlijjVI jjljj jj .%20 Jljaj 2jjl2l ^£1 JJ 

£-a j cA^lLa-o l**n j\ t4_illc- C1 jLia£j ^Ijjj jl c^LjJjoJI \ j£^J 

.dllLaa jill dltilLj ^gjj l ^^ic. »LqJ*J 

tilajluJ! j>a^^k ^ JJjJ dllj jJ^I jj£l jj jl LaJ 

jli t jjjjill jAx-aa! A-lIUI jj£l jjll 4_1xujI jj Jaxjj jll ^^jJajC- (J^Luaj C_flLjaj 

j| i ^ c!ljj!LaJI dlljj-a^j ^3 L^ol .WlJ ^IjJ ^lill jjJj^ll jjl asia £j>A~y 
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ClAjjjVI {ja A-ill^. (j^£j i“ ij'N } C5^ 
ojlc. (J-o*lLaiJ (_^ill ^jjjjl^ll JjLjjJI A-lajail^J j! t L_UJjai^ill A_laxJjJ I^llLo 4A_ali^-a 
^k,n'l (JjjV ja (^JlLc i A-ic.1 u^all AjVn (jj L_j|^)jjj £-q Ja£3 

(J-gC- ^ja D^l C- C5^J 6A_LgAI ^)j£l 6^)£juall C j! (_£^£juJI 

IjjjIj j 1 ^-.ux^jjj c(Ferrocyanide) aj^JI ^ 

s-lidj (Jj^I *A. TligCF ^-9 ^j^a~\\ Ajj^*a'l A jl^aC- 

(Jij (Copper) (JjjI ^ \W AsLjaj ^jC- Lat A \/ijJ*i,\l 

CjV A iLiaj ‘(Mycelia) lAb^ : A*d' cIjIjjajoi j, j, u VaII 

.L£>liJI (ja c^LjluiSI ^j>ax>^k p^jjujj ^ <^11 cCjLua^ j! caILIj 



^JJ Ajj ; i^.jAj < \]| ^jjojoiVI ^J.x>a jll <alik-<i ClAjjJa^)3 CIlqJS 

^_lLa ^-ijJrajj V (jV^ cAiiljJal! AuAx ^,11 di 

• s e t _|_2 . f 

4l_u!^^JI jAatiLo jjjUI ^jl jAijj (J^j>.jj,.i Min ^jjIj 

+ 2 « * 

0333 (JvIa. (33 J ( 3-o 3jjj Mil CjIjjjV 03.1*4 21 J)j£l j21 (jl 333 



c <».>ijj t A niger jLiil LjAJl o 52 e l_i£3j c> ‘Glycolysis — 51 
<LiiL.n (jjj^j (J^.3 j ^^21 22 l-u....: V t dil iji j 3 ;5l c-Jiuj ‘(DNA) (jjlvi 

(jjj 333]! ^5-iV' ^_S o 3lj J}51 3J .(Jjainll i slatoJal (3-ljJ j ‘Aj-ajLiall (j-iijjll 

AlUtS yiau ojj-Ij (^ill a i5-\ll (_ii.lj NH^ A° (G3J 

F 2 ‘ 6 P 2 sjUjj UjjLo 4 jjjhl! li* 3] .Phosphofructokinase 

^j^jl 421x3 ^2 C1lj3JjIj25 UuaW jjjIjII JUJa 1 SjJJJ ‘^s^Lc.1 ^lajt j 

s^c. ^ Jjiiioll 31S3 41 i] 3^.2 1 j22l 32121 3I .Phosphofructokinase 
(33^k2l J£22l ojjj 2 3A iAspergillus 35=21 £-1 3II 30 3 ‘CAj3k3 

3jlc-3aj3 aJjJc. Clil3ak3 ( _ s Jc. 3J22 jji» ull 33=^ 03421 5jln.nl ^51i : jfi^ll 

^ci 2 u J£ 2 ij j g A3 (Vacuolated) 4 ivV IjAi. (jlj^ toj± 6 . 

3^1 kL^aLo CljG3Lua ( 6.15 e3adl) <3332! dl-ll c- 5 3^11 <2ls 333J .( 4.15 J 5 .21) 

• J5 3 -oil li& 033.11121 <o221 c il ;pVl 3c. 
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Aniger j tijluJ! ^£1 jj j^.VI a^^aS! ciAj jjVI jjjIj j] 

tiiLlA jt-J ^jjIaLxJI jJaxJ jl I j n» *1 a1I aJL^. ^^9 AjIc. Iaa L^. jjJa j (Jsl ^A 

.jjJ^jV! i_J (j-a ^frjj ^1 a-lcoVI lift Jlj idlljlll Fe 11 LlJ IjjpUi 

pH fM 



VI t'l.hj V o^yj a" l\ j-a^j JljJI j>ia% Jl J (jl Jj JJjlalill dljjual 

((6.44.7(3.1) (j >i - a^>ll pK J .2.5 <j-a Jal Jj^jj-iJI JJI J£ 131 

4_ia5 i_±ujjj .lie. lj5nLajj jl jjJj 1.8 aj-lii ^ n-s jjAiA Jj Jj (Jjjuajll jU 

^3 A K , : ,‘ A jj I HaJ Vj 1-lJj .(^ J*l ‘Cjjl-i jl j-a J t. ' 1 ;» \ JLlui Jl ^3 4_ea A n» a 

. A 1V4I o3& Jl J^^a^aJI 




o*&i i-ijjla (!) :CiaJ <JJ Aspergillus niger jlaill JJyM 4VJI :4.15 JiAll 

50 Jl jju Jinll jljaji .(0.1 mmol) Jjjilall qa JilS I~ijj2a (i_j) j Jjjilal! 

JSAll Jij) (la) J JajjSjLa 250 J (I) J jiajjSjLa 

M. Roehr, C. P. Kubicek, and J. Kominek. “Further Organic Acids,” 
in: Biotechnology, 2 nd ed., vol. 6: Products of Primary Metabolism, edited 
by M. Roehr (Weinheim: Verlag Chemie, 1996), pp. 364-379. 

( ^ f' • ••!! j 'll!! jna ( JVa) AXajClaoAll jj^J^Jll j)l Laic- 

<_$33l (.'‘naljW ^j.-1-.V! ' •) <ilLal ^J>|! a 4 3 1C- j-a a . .j;...^ a CllJaS ^Jc- 

^ lua (jl .5 j 4 (jJJ Jj Jc. UiaLa-a IojjJI 1 J j£jll£ 

tJ4a (_£_jVI (_>iaLa^Vt ^tiij (Ja <jlaii^ia ^ jjJLiA Jj Jl 4J4I 

J1UI jj! Jj Glucose oxidase jyjjVI JJyj . Jill J jVI 0 ea^. j JjJ JJI 

Jai-aj j_g I t(_£ _jVI Clllj^i-al! jj^i (ji-ii-a l.a jjj J J Jl Aj^Iil! j j J JJ] 
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(JjVt ^9 Lua> AjlJ ^ jJIaA, ^ jiATk'il A_i^.j^AiII L_flj^)isi]l 

^J] (JA 4 Ag A djLlA^ tiL^)Jjal]l (J^IA^fc ^JA^lll 

^S^ll AjJajC. ^r u^na9 4_iiiJI ^jl^. £9 ja l_i±uiJj Ail AaIc. . tiLj j£ jlaJI 

t> Jal (jll ^S jll A^J (jL^kj JU. -kill c_S^aij 4^ jUJI ^ll?. 

juc. uiillj£jVl l _yiA'>. 0 iij A niger <iA5Lui <_pa*j (jji tcdlLS . 3.5 

(jJa-aiJI IllA (Jj5j i—Uxjj J J3U .Ajjlajai <■ _ n..n A_iiaj i_±aj c6 ajSi ^ J J \,'A 

j_uaA^. ajj .1 lilljill Ajjlkal (jS3 j 4 *. - 1 uj . ,ii jll 1 ^jLall (Jklill 

lA.niger SjalL a15Lu jl .su s i» n ■ ."1 d Ai»_a eiai (Glyoxylic) 

s jia ciil£ ^Oxaloacetate hydrolase j Glycose oxidase ».ali 

oLa eiial ^lliYI (Jj5^j ‘5 Sjaa ^ jj.iia ^aij .Vic- liLjloJI ^llij 

uL'^JU ’A l* 1 *" J ^ Ail Laic- . jja. u>ll illljjjY (_>J.j.j.i~>. JJC. LilS C_S jjkll 

jjlc La«a iMn ~ AiLlaj Sic. tilj^liaill (j a (_$\ a^jakll sllA £cijj V 4j_uaiiaia 

■ A. Jajjjj IVlll “ ^11 G^lcdl (jl 

AjiUa CjV j-."'; Aa5lc. aJ (jjlLi aa pH II jjjIj (jl ^ j!ikj __^i.l ^._)S a jj lilliA 

Ajja^aaJI AjLaxll <jV tA.niger a-LcjI jj till jiuill ^ jjpdl jJaill (Energetics) 
ATP Jj^aiLall _j_jkll (JLli. i"' La£ allj^yiajall 

(jjliHI eiiULac. i^-iLiij (Trunover) l^.iW' ^ i_s^ NADH Aj5Li j sjl^.Ij 
NADH L'l^ jjx a y> S. 1 .A 1 salc.1 yL-aj Aji .AliiLaxll a.t_...H dili ^jj^JI 

ll_cal J)L j j^aA (JauuILu: ^la-aid ^jjjLai^JI ^xaillll jl-.. aa ll ^A jL^axi A L> . .1 

- > 

pH ^ cATP cill^Lau . 6 Ui ^ jjji-all (Salicyl Hydroxamic) 
^Jc. Jala^-11 ^UaxJIj ATPaSe AJaxwl c^jiai^-iA 

.A_ilaJI j J jjoj jJjLoJI pH ^ j-ij 



Dissolved 0 2 tension ljIIaII 

^JA A_jli (j^nA^fc ^JA CjUaS 

^Lull J)A*^\\ L-Jj)\)aA\l (JA L_jljA L$ 

0 2 ^ jLailA ^)J0L3j y4. YligCV 
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(n-Dodecane) %5 JSI jj JU*iJ J] jjjI&J! CjjLs! 

(jj'S »n^U 4_I^.lj qa . 



.•lie. .' vW ' 



^lljj AxlxC. ^l-La-aNl JjIS jj-Aa Jl (_£Ajj ( *'l .'JC^' jliill ^Uakjl 

a Ac. liill jl ^Aii . IaIuxjIxII ^xil ^1 ^ i y ^ i jl jjAj U^-J 4<Ali^iaxll 

SaIc.1 4_ilx*J (JjAj ■ jLxx jji^j t _ s Jk (Jlc i_iIAx j;-^- . jlj j!il Ujj^^xjSII 

^jal j-a jjUaj jLoJI 11 a juxu .Glycolysis II 4_kJ jj g-Tull NADH SAmSI 

jj-aljVI alii jc. l_Aa_jC.j .lAliJI jx Asllall ^j!iix jx Jlii Ajli Ia^jj cAiUoll Jaia>. 

i_DU. jaJI (Enthalpy) ^jl^^JI t_g ji^- a l l ^ CjIjjxjII jla tATP — 11 UjLxAll 

'J.ax -a. ^lij) (jli ‘ 4 •>/'*' II j .6 jl_>^. 4jx gJ-Lj 4ljAi!l CjU jjjSIYI (Jaj AxlxC. 

A2ja-i i ailK”i jx Ix^.x la ji. (_j£-xJ tAjjiill jx 4-lilc. -U.jA i . ihi"n liLjoxJI 

(jjAj SajI jll a \j j’iA. ^\l CjUalSLxll aJI jl ^a J-^Aixll Ia^I Ax^lxill a q A ^11 jl 

.(jxl jlx ATP ^tiij ^jil Aji.laJI 



Nitrogen ( jaa.jjiill 

jxx^ ^liN AjC-j jll JalxujVI 4-a. Wunall jAa. jjiill jAl_*xax jl 

V j . (Urea) IajjJI j (Nitrates) CjUjIiII j tUjxSM jx-Aaii 

4 Aj£I (JA'in jAla-axll ^^Jic. jAl >^ixll aAA A^l (jjjflj ^^Ic (JNa (jl Ai.jJ 

.pH 51 oAljj (Jxaj V i_l£jxll jl UlxjJa lilliA jl£ I xll la 

Ujxjjj o jjj^aj Ja^Nj jja. jjaaII jAl—ax dll jjjIj jU Ajjlill 
jAxxix ^1 UaU a=.jj V 4-N 4 (Defined media) ULixA Aij^l UA /il 

Aa 2 >.E (jx . jA»^ax£ j nil {_yi^ •~S~n.il Aic. ^>^1 0 ')j~s j jxi 

AaIxC- jllx'VI dlU jjV AA=a.jliJI AiLxa')/l (jl Jl (jJA^lAll (jx A Ac. jLxl 



.ejljlxll ^Ujl AaIxC lAjjliuJI (jxaxiv jxiJj 



Phosphate ejLLxjiJI 

.AACjjll ilxajVI CjLLx jail (_paiixx J)Ajj ^-ic. SaIc <Aa 1 <ill ^a!L 

4 K u j-ill (j Ala-all j Alllix jill j jjalll i_LujIax]I ^jjl ylll (jl jAil lx£ 

.(Batch) AjiSaII ^jlA° LS^ ‘AjjA'-^ ^Ijlil lx^-a 



603 



Production process for citric acid 3.2.15 

cjIiLc. tilLiA LujLujI 

.(5.15 (JSuuJl AjIaxJIj Al^JraxuIl AjIajJI LoA j cc^L^LoJI (Java's 

(JjJ t^y** ) t IjlA i cill j AiLjaj 

aLu**ll (Solid-state fermentation) <JLJ 3JaJ jj iLJ 

. (Koji Process) ^ j£ ajL^ 




j( ^ -\^i. .11 j.Vi'I Aixuiljj liLjluJI w ■' ^ jjiuaj 4_iL«J hh^a :5.1§ JLui) 

M. Roehr, C. P. Kubieek, and J. Kominek, “Industrial Acids and other Small 
Molecules,” in: J. W. Bennet and M.A. Klich, eds., Aspergilles Biology and 
Industrial Applications (Reading, MA: Butterworth - Heineman, 1992), pp. 99- 
131. 
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(Japanese wheat bran process) 4ajliJI 3kiaJl j) 

CallLaC. liULi&j . jlalall ^3 (j j).U.a.\l tij jiuiil (jaaa^, ^lajl ja %20 (J5 

.laJ 4 LiJjujj a^jjxj^a Sk^lj j l £^)^ ^ iA^jLuLo 

4 A aJL^j jl UaUa.l]! ^Lij l" -il -v \1 * ^ 4_^jlj 4_±L^a j-g AjIaxJI d-1& 



-ilj-o 4iLjaj ^jl La£ . % 80-70 ^-1 ±j ^5-4 ^J] pH 4-«u3 diiijj 

4iL*£ jl a-amylase Jl° 4iiiLa 

^talail £aaajjj 4a Lac. 4' . ^i-\ ^jj ^lal 8-5 jj^>a 4*a . Iga4jli i" n nl 

• s-Lail ^I.Wnala cdjjLail (_paa^. (_)*aH 5 > nl ^a!iij (Percolators) J ^i-W 4ac.jl 
Caljaaaaail ^^3 SlaTamail (_>aaj ^1 ^'S'u.iL: 4a sLaaL/l 4 iVn'l Cal (j^) 2 aa 

.(alijl J=ls.V) ’ijjaxail jl 4 i*s bull 



IjjjS LLaC. I. IbTl ^gall 4^43^1 4ijjJa]| ^^^3 b»»ll ^aaiull lal 
(Jj 3 ja 4 _ 5 La>j 4 jVl 4a. ^1 ^VuLl Cailj V 1 g ~l51j iiLLijlaill (jaaaa. jj.>i V 1 
jib ail 4 ^3 > a i’ijII v. . I null (jl . iiL jlaJI (_paaal jjj . an^il jaaaiail (_)4a*4 

4 1 lq|l I g ‘Li nl m-a ^ n . .n t4aLaxIi 4aiL*_il 4a^iajVlj 4 4ii' bll 4a4ai=aaail CaLJlaaall 
.^^aJsuail i_ulL]l jj-s m5L/l 4aii jja3 ^ CjlsLlikLUj 4jLiiJail j4btail CjLjjI (Ji.3a] 



bf. jLajb 4aj4ata (Trays) (_ s al_Ja-a (al-i^ajala ojlc. jj*a V)il C 'I jlaC. jjaj 

Jc. (jja^j 4aiiaa (_]£ .^aau 200j 50 jJJ ^jljll JjaC. (j4xail Jauajlla 



£a i^ljaaaJI £tJajJ l ^C. (SpOres) £bjjVI .-Luaijil ja jai 100 (_sllj^- 

.l^3_j3 (.Ijjjjil 4aLaC. ^^3 Jc-Laaj jj'N >»i5i)U •N ^5 ^a4lia) |>3» a al_jA 
• O' 0 3^ 3^^ /j } ‘ y i c j \>nlaja jlal (J£au f j) llj > njLajl jjjall 

.^ajj 15-7 ojaS (JLLi. j g •> al l jSuall jja 0.9-0. 7 J_yaa^JI ^alij 



aiuj “LJlc. oe.li£ aalj l^a'J ja^l 4ajC^>a jjaiail jjaiall 4aLaC- jl 
4 1 n.>)il jjLtail Calj jjV 4j 4-ail jjjlall jls ; aliiL j x-a jLi j . 4 Vi5all 4aLuil laaaa-LLa 
4aLa*JI jiL J i^alaal! 4ajl j4aA ^j^Lil 4l_jail ^_3 ’i4_j^_ja]l (j^ji.L?l Cala _jL2lj 
j^j£j j^- 4a*aLi. tl^ajl-^l 4aj» >«-» (^il j'> m5L/l jjj -n’i ^3 Cjljjlialla 



605 



da.'lVnu.UI dll (jx (jlc _jj j .a^jli.jo 41<a»am.nH djt 4_ic.jj 

f.l_j^JU ^JjuaUI djl^>dd<sj (j}_jai>-a]l djl^).aS. a ;4_iLuUI oi& 

£y* Id-all Jjla jjc. iV ja ^Ia^LojU jUd^j jjc jill j .(aerated towers) 

. 0 . 1 c. till ^y> (jj-s Jjoij ^ijj . djij JjLoij (jbjjajj ojUaUI 4a.jUI 




(j^ia^ JSdJi ^dajj .tiLjluitl (jdaaJ 4jaljd j-ctaj 4 jUr (jajll AjujJa :6.15 JdlJI 
. Laj_$d .(—.—) jduJI j (..) 4jjjaJI AliSJI j t^— j ^jlai djjluill (jdaa j liLjIdl 

4 >» gm/1 115 — llOj 4jjjaJI <Uj 1U lilaJI O'* gm/1 12 _ 8 L ^S. Jj^aaJI jdj 

.4cL-i 280-250 JMa 140 gm/1 £y* djjdJI (jdaa 

jg lij ' jlmjLall oj_^ai-&]l djlj4ddil djliu-a (_£daJ (j! 

4 A -s q"', j ^ j 4 c.yiLa j o jj . . n 3 (Hyphae) 4 a 3— a. dlAjll ^ ^aUl ! I ^)Ca>a Uadi 

Ui h^jSj J j»cljj (_£ _j 3 ^ In >11 djl j (0.2-0. 5 dj 4 j£i (JSjui ^UOl 

j }d4i (J5 .'Ml lift (jl lla.j -41 j .(4.15 J5 .nil ^)Jajl) jU-aaJI f.ljji 4c. jjoiJ 
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.IaIxj AjIj 4 6^)ja5la1I CjIjja^iII Jlc- (Jjx^a^k^ L5^ Lf*JjLail 

(j-a) JJA^ill AjLaC. L—bailjiX> J^- 3 »4-1 ^La]I Ajjl^xll L-uSI jlll ^C. 

0.9- 6J^S ^j!ila ^^Ac* ^aJJj . (^^iLjLajJjVI Jj-^-all (JjlVl (J^l^ 

.(6.15 JSill) fU 10 J] 7 ^ kg/kg 0.8 

ejl^jaVllI ^I-I^LujL c*UL j cLjaJ ^)jIa^AI 4.1ajqj| ciL^jluAI ^jjj 

_^LAI <-jl^u» J n-dlkSIlCS ^I-I^JjoiL Lai Sjlc- . L^^a.2k S^jaxaII 

A qL*s >a pl^^.1 ^A AjIaxAI 6 La ^9 Al^aLall AjJ jV I SjLall (jl . ^j-Ix-^a^ 

c_i^j c^UL ^LjI .(C 20 iA C 9 Jl j^.) <LuLull a a\*u*a (Paraffins) Ciliia! jLAI 
J 0.0001 (J; 1 J Jajjjjl] p/C A_iud3 (jj£j (jl C_L^JJ 5 JjjS pH Aaj3 ^Ac. Aali^AI 
gLa (.** ig 'll 1974/1973 ^-3 ‘■“nw ^Lll AjaILjAI Aaiill AaJ <jl tLalc- .0.002 

. ^pL-aA ^j^vs_jl I g n's ^ u ^>1 Lj^jSj (J5 A_a1a*AI 

A_Jaxj cOlx- 4 j-v Li w'\l C1 jLAa*AI ^ja ciL^jIluAI VuaiI A_i1aC. I JLu 

%15 -1^. J)^J.12kJ ^5 ^lill LilludjLoll Aix^] .ll^AI (JjaxAIj A^^j^aII J^^a 

S^)^aaa]| l1iLi1a*AI ^A_ill ^jL^nLall Lai .grVixAl ciL^JjaAl (J>ia^ <ja 

JSjaJ AjjJa^)C. j-^l CLAjjjSj A_^jjj djI^C-Lui-a (JLaxIIujI ^ i'AVn L-JliAL 
AjJa Aa jlla Ja.LuJ (Polysaccharides) ^.IsLi-dl j£joAI ^ A-lLUa AifL 
(LllUC) (jdSAI SjIa c_flLjaj 4 6«1 j«}c. CIjVL^ •ALaL^JI A huJ^j nnn<a\l (^adl 

.^.IjiLa ciIJI^£jl k ^1 L_llja3jll ^£^xaJ! ^jaII <^A] 3 ^.U^jj^jA ^aSjJ 

(1^ * A-IujLojI (3^>L dj^ij aLajjI La^AC- tiL^)JjaJI ^a!>L?k*L.jjl ^aJJ 

.^jjjVI ^j-aL-a-ajj (3)j L^jjaiVI (2) c c— iboj^lll 

^Lll C_JjAa]I ^aLVutiL AIajjV I Aij^)Ja tillL£ ^jil^lJI ^j-a ^^Asl 

cijljjiliSlI jl (Alephatic) a_ua^]| CjV j|,^^'l ^j-a A-aii^-a ^1 ^jl (J^xiLajj <jl 
c> .(Phosphines) CjLui^jill J (Amines) CjliLaVl j (Ketones) 

^.l^iJI djlliA (Jj 3 (^j-a A jLc. ^Jl A x^a\ Vu^ll jI^aII ^jl ^jJal ^11 

djl^)^L-a ^Ia^JjjjIj ciL^luJI tl^l^.1 .A] j^aII ^.Ij.JIj 
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(Critic acid «.Lai! liLjiuJI (_>daa. ujQ j* 421d 

s J ja. dU.j4 dc bjjjt J c sjldill £ jpidl jAj orionohydrate) 

dU.j4j (Anhydride) JU^UI JjiJI jda-. j Jd J 36 C° y- 0 Jal 

•cJ' “Jj^ 

Citric acid applications Jjludl u-a** dllukj 4.2.15 



jls tajlddl 4diuLuij 4 i>i^ 'oil 4‘nlani j l Jujilll 4 a* .4 . ^ iu»n 
%21) dLljl* 1 . II j eldJI j' . ,~i V' ^3 Jldj t LlC.1 ' ■ ."I (_l.an.Tuuj liLyiuJI 

(_£^)dVl 4 J . .ijlj dll UnliTil (Jduj j .(45%) dLjj^.ld" i^s^J t((J£ll ^iTuVI 
4j J L£ .(J ) Jl Jc. %19 j %8) dlilddl 4^U^J 4dVd^' dUld^ll 

t (_) jol ~ n 41 j 4j-dll Jla t4 14 ill (jjljudl dlj jjl £»a dldua J-aC. ^Jc. ojdll 
cL j J \ . jjV I jl (j^j&dlj d jjJI 4j j' jV'i > ill (jjAj ^^3 (_huCdu _j^3 

diu 4jl US, tCud-all dli jj^l CLU jj ojldJI lyjdiSI d (Ascorbic acid) 

.pH J £-Uj i$±A Jc- 1$ jl-^S 

(_£d J cSjjiUI ( jdaa. (Esters) dljU dJ jjj tiilE Jl 4ild)/lj 
.41 ajo. jd (plasticisers) JI.4S l^JddJ <j£aj jll j d^ _$*£!! <_> ^1 j 

dl jludl Juald 43 IdLa tClJd 4_1 *aI tilljadl (jdaik ^^Lol (_pa*U (jj il^)jU 

Jl jiidi jd Jll i Jl CdaU sAaS (Tri sodium citrate) ? jjj y^L\ UAli 

jl jV'i , >il 4l ^-aS l^alddoil J t ,a j)J.,,,'.ilS]l dldaual U-L] Jj JhU y^a 

4&lda J (Emulsions) dl ilvu-41 



1 ^alUll j-ldVI jSL 1 Cd dUaSj 4 j»jj]l uSjjdill (jdau Jjj 

•A. fligCF Jaall dl^ad 4 1~> 1 .1 ^dj 4jdll od ^ >4 * -a (jlj ;l_i^dj 900000 
• (28%) CJUdll Idi^oij t(41%) IjjjjI J ^lliVI 4 _i21c. Jjjjj 



Gluconic acid 4L!j£ja2) <Ja^ 3.15 

JLaaJ jr yid luajl j* D-Glucono - 8 Lactone sAa J 

IJ^ij ‘(Dehydration of D-ghucose) j JJk -D Jdi jjdJl 
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. i— lLlj^q'1 j IjjjSLJ! ^ya oJj^C. J-l _jjl A ?-i > J j A \1 n% — ^aJI 

pH Lua ^ Jjk-oll js J (j^a=Jt j Lactone —II <j^ jjljjJI 

.0 jl^dl La.^p J 



0 ua^i. ^S>\ jj 4_iLoJ AjjoaJI 4jlSall j jaj<Uj 1.3.15 



Biology, biochemistry and biotechnology of gluconic acid 
accumulation 

Vjl L jg -s .all CjljjlSJI JjS liLj ^ A \1 (_paAa. 

AUJalall LjliSull 4 (Acetic acid) tiljlaJI (j^i.a^.1 A Vn.all LjjSull ^jlj>-all 
t CjLjLa]l J] A+odL Lai .Pseudomonas savastanoi jA-^i 

uillj .1922 ^lc A. niger a 1i»»iI_^j A±j ^SijAII jl Aj 

4jq ]A j ol^jll Ajjljj Cl)ljjl£ll 0-li.ic. £-l_jjl A A > J (_paA3.JI li& ^IjjJ 

t Vibrio < Pseudomonas Lj&j ^IaV JjALJI ijaVl Jla si j2l 

.Gliocladium j < Penicillium 



(\) 









D - JjSjIall 



o 2 



M 



-- PQQ - 



:--• PQQH2 -*• 






FAD 



-*• FADH 2 






jl Jj^WlSi 

H2O2 



H2O ---. 



"A 



JUjj£VI AjjLiaj^I ajLdl 



(jaSAii 



G. (I) liLjjSjlaJI i_yOM* u^\ ‘UajjjSlI liSll :7.15 

■A. niger (<->) j suboxidans 
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^ajjjl 4_LuijJ AjjoUJy cyjjj£2l 2^j J J~s \1 yjj£j JL 



PQQ J. ^» . i >.. j ^ill tfLiilb JaiijJI D-glucose dehydrogenase 
J& Ja*j y2l t(1— 7. 1 5 J221) ^&Luui ^jjl£ (Pyroloquinline quinine) 

_jA j t yiV I ^ <j' J-4-! • "jj J_j2 (_)<"» -a ^Jl A ;12l ^ j2 JJ»_ji2l Jj_jij 

V cNADP J& a 2 *j ^Jt 221 Jib Glucose dehydrogenase 

22j yjd V ojl&j . 2ij_j5_jl2l ^_ysLo2>. Jlyj lyjJ 

Jjyla (jc- 2o.AA CLbc. JJ 4 J2I Jib JJ ojlfr Jliil 2dj tLulgj 

jLow yl ^ .(Pentose phosphate pathway) jji2l 22 J j2a 2212 



15 Jc. yjjj Jill 221 ^jli Jj£JL2l J2lyj 2=2 jj e~n5; jjl21 22 J 

2- sjL# 21:£ ^Jl) t3.5 c> l$ pH 22 J&j mmol 
.L_ijjU! =2 jjjIj Ciii bLjj£ JL21 jia Jljjj b^jj (Oxogluconate 

Jawu j i yjj ^2i y^ ciL Jo2l 2=j^5 J2I y=^5j <= lac- i2]\2 

Glucose fjjjl 5_kJ jj D-Glucono-5-lactone J) P-D-glucose sa 2I 
iiilujSjLJI y=u^ yjj£2 Lactone si-2] J12I Jl=2 mxidase 



jjS J^. jajjji yl .Lactonase ^Jji A Ji jl ' Jl s'"' 2 <2*21 o2 jj 

jJaill Jji J yl.l2lj 12j=>. Lny<a S(_£jli ^ jli ^aJyjl jjJjj 2 jl 

.Aspergilllus J21 £■ I J 5_kJ jj ^ j jll 2. Jl Jl Jjsj <2 j i Pen ic Ilium 
-P-J j A J 2 2sLj=ua yJjy^JT-a yc. 'Sybc. Jj.ii*2 J J J Jr 1 " ^ Jjl y] 



ya^-iVI JTctramcric, glycosylated flavoprotin) 51221 y2j 

Jj£_J2l y« <2121 J2lyi]l <0-a2 jj ^jJjVl 12 j2j .(^—i - 7.15 J12I) 2c.liS ( J 
2_ajjjVl j22 Jjj A.niger jUSI Jj .4 y* Jc.1 pH eir2 2121 Ljjll j 

lajJajj Ht02 a ti.,.1 ji jitjl2l CjLajyjl y-s yjijlj jy j2Vj Jjyixbjl y_jS_j2 



• gOxB ^ y^JI 4 li . „l Jl LaJ^) t<2aia 
j J J^k, ^J^l y J A qjq<\ Lnxaj Jl.ar."i a pH ^JJ <2.121 J jjtj 

J2j V Ajli I Jj (1.2.15 * j2l y2jl) 3 t> Jal pH ^jS 2& L/ij jjyiubjl 
A.niger y I 222 y22l <_> .2 jJ2I 0 2 J H 2 0 2 uj^ J] 
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Lo-o 4(_£^)k.l JjJa 6«iLja-Q diLc-lij AILojcLoiV 3^33^ 

C 5 ^ J .(H 2 O 2 ) U^-JJ-^' L«J^ J L> £^4 

Jllxil jljaL A.niger ^laill ^jL H2O2 — S' 3 -<* A i.nk') 

. ^llljl^lt ^3^ U -0 ^ 

^HSV jj^Vi.ll ljU1a£> 2.3.15 

Fermentation process for production of gluconic acid 

La] ^AklLaiJ 4cil^ 3?^ 6^C- Clijjia 

aLjL cj jjLj U£ .^UlLa cjUjI<£ Gluconobacter oxidans J A.niger 
33*^ 3 ^ cjLluj^Ij]! 3ic« J^Lk A. niger 3^ 3 -c 33' i*a^ ^IjjV 

(Calcium ^Jl^l dAj^£3^ a jLac. 3 .).^* s a lj«iilaj 

ciAi^j^)£ JLo*iLajl 3 -° ^.ujVI I La Lij 3ilj .gluconate) 
j j£ 3?“ aJ^' <3° (J^akklall pH SI 3-a*J 6 l$J 3^' 3^* " 6 JJ^VaSI 

. cillj ^$33' ^1^ 3 -0 4 3j, U x ti^jl 

La Ullc.) jsy3js> ^c- 150“ 120 3^ J C£3^ 

c > 1 umj c*UL 3 * 3 ^' <3! ^3 ja: -" 3£ 3 6 ^Lj3 3 ^^ ^ -j »(£3^' 3 -q 
L k.1 Jaiij j UL^lall 3^ 3^ 4-^3^ 3^' ^ jiJb£l\ CjL 33^ 3^3 *3^ 

. 3^^' 3^a (j-a <JjV' SjLoIIj ^jj^-jai^VI 

^^kai^iSI 3^^ ^^LaVI 4-J-alk. 4 ^ > ^C'^) 3 ' CjU J^ll 

^jjAxSLj . 3 ^" Jui S Jj.W.a CIaLlo^j Jaja3' <3] c sI.jJoj 43 ^ j33"^J 

JtiSLj 4 j^-UaiS jl 3_33^‘ ^3' 3^,3^ 33 6 3l3^>J>i]l (J^a^a^k ^IjjJ 4_lLaC« ^j-a 

3-^ IjuMi Jlc- 333 *3^j ^ . sS Wn c3 aA ^ > ^ 33 -SI ^IjjVI 

cillj 4 l.VvLa 3_9^ 3-aae t>si 6jLl3 3^ ^^3 . 33* *^SI diL^jl 

(Stoichiometry) ^^11 ^UoASI CaLL^JI jLiiC'VI 3^? ik.VI ^c. a 1 \ j^j 
*\\ CjI j dll ji-aVill (JS- 0 ^] (j^°d .(^J 7.15 (JSdll ^)i»j') (Jc-lioll 

.<&Lui 24 (j-a J! SjIc. (^jV_ja! 1 (jaiLuiVl ^^Ac. %90 <_>a 
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Cluj A jIa* 1 JjJLlS ^ ClAj A, )1 a,C. t/lA.'lVnul 

3 .^jjY^C. 350 C5^) JJ^J^ 3 c^' j^' 3 3*^ 6^ W^V 
^jC- 6.5 3 -0 A_i}3 AjJajA^. A_^.^p CT^ ClAjjS^l^. A jIax II 

3 ^ AjIax 'I d^A AjLi 4 ^^ 3 ! ^3 CS ^-3 * ^ ^Lui^j^AiA AiLjaj ^J^)ia 
i*‘ ^1 ^l-<\f^ ^ \ jj Wil A *Q \ ^ ]^> 1 1 $ ,J ^S», l ** ^ 1^.*i t i' i . 4_J Ajlfljll ~ j i n 11 ^ 1 1 i ** \ \ 3^ 4_i1aC- 

%35 jj^jiij J^JO) Jji=>-0 JjJiJ W 3 4 (jLaLlll ^ d ^ ^ \ i i' ^ 

C* 1 a‘*i tcillj ^Jj A^LCaj .%95 63 .^ (Jj>A^a^kA ^^lc. ^y~\j 3 j)J^ 

^ x^aLiill .J-ait jJall aIaI^aII a 11 ^1 ^VLuAj ^aLaaII <3 dlli ^Jj S^LiV! 

^ljIIaIj jaaIj ^ill Aureobasidium pullulans (Osmotolerant yeast) 
. Jaxu 3 II 350 (j-^ ^jSSI) Jj£ jlaJI 3 -0 1.1^. A»illc« 3^3 

3* ^Ula (j^Jj <iljj£ jlaJI (j>aA^kl jjaV CjLiIaC. he. Cllix-aj 

3 ] tULLui ^)- 1 jCuI Va£ j . ^C-lj,x^all ^ jLixalaII ^lc« (JxaJlj C* Ia.^VuhI (J 53 UI 6 ^A 

jjSj 3.5 3* JSt pH j 3 jj %15 3* j^l) ^txll jj£ jjII 

A-ijl^Aj ^JJ £*^ c ' ^L^i! ^Sj I^A . Jlc- ^ j>TVia ^Ic. Lj^j^Ca 

. (j^A^ ^tuj <3 a^^^JI S a.i^a.II (JLajCIujI 

l^j^l J 4 <jjjj£JI j Aj^Laall CjI j1aVi.11 3 ^ J Vi A 11 ^L^.jlujl AjLiaJJ 

•(JJaII aJ^I-x-a Aij^jJaj ^.IVu-uaII ■^■ <Q ^ 3t - j 

ciiL^^p ^jjaall a_JLxJ 1 JJI^aII 3 ^ djlj S jIa u> 

3^-^^ (3 c 1 .. u Ajjjoi^-a tCliLiA^ A^LCaU ^ (3 J *A..iJa4ViA 6^)1^)^. 

(Jj,l^.A Jl 31^)11 (JjLal]l 4 6 j)-»^ll ajlA fijlc-j (J3v 3 ° « ^UlJ^All 

3 ^ ^ j)i.^ll CjUIS jk. 6 JiLa l-Luj^^ J . c^lj’i^^j)!-^ 11 3 d (^>^/(jjj) %50 

jl .7.5 Jj pH — II a^uS j ^-a (^ 2^/3 jj) %45 JJ JjI^aII 3 

3 J> 1 I ( ^3 t c^lj’l^£j)l-^ 11 3 aA ^-l ^U^iaII ^_ujJJ^) 1 I (J£ja]I 3 ^ 3 J j)x^nll Clilj^^^l^. 

6 ^ 1 aj . 3 * 1 ! ^H_J^_A^- 1 ! ^n^nVil ^a.^Vutn ^ ^ t^Cal^JI 

ciLj jlaJI ( 3 ^a^ 3 I Uj . 3 3 V 1 Jcliill aJ^I jj § - Gluconolactone 
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‘Ca.jJj cpH — II Uj'jH aJU Ua> Lactone j j 

. u-uwlj-all L^AjCllI a li . .1 ^ Lqa^I£ ^1 I ^ j ^ ^1 jj ■ -^i^''. ^j£^<ua 

CLj jSjiaJI <j.x*aJ 4 jjlao 2 l ejlAuklll 3 . 3.15 

Commercial applications of gluconic acid 

t4 (J£L AjJjlSj il K 4 4.y<\ ui.i lilijjSjiaJI > q > ,~i' 1 

CjLjjVI <j-G <aliS-G ^l^jl £-g ,UI ^ (jLjill 4Lla cjl,vi»..a (jjj^j ^^ic. LiLli j 

. jalSall 4jj!)Ij j 4_uljj LijJl*-a]l 

Ia^JIj oLJ£i]l 2UI jl ^b aIUxIUV UUj LiujLia 'I IU (j^^Sj 
ClijlS nU LuBx jd\\ 4 jiC*j^\ 1 g \ax^ ^j-0 J ^ j)J-a,AA>,II j\ ^bIx-gII <j-G 

<jl US .Llhqj V ^bII bV jill ^ ji^ jl (Galvanised) jU* 

bIj-gIIj CILjjUg]! J £.1.1x11 djlc-U-sa ^B ClilsUalS c A_i^UuUI C_1 _LuaJj 

. BjBsJ J ^ j-lUlSU CjUilxl! ^B ^BV‘uaUI JbUI ^jjSj i“n^ t <jjV B-l*-UI 

k ^j-c (Jjjaal 1.5 — Lactone (j^Sj tLillBxll cjUiiUiII ^^j-g bjbxII ^^bj 

AjjJo-g^J! U) j^lall ^lj J ^11 ^j-g ClAjjSjUll jl cilij^S 

^ J tc^UsUI ^ !)Ug < J jLI Gluconic acid ^jjb JUk L^jjBj 

(j-G JallyU. ^BSUjjj 4c211bS 4_iLgC. ^lgSuII j! t4_^jUall Jjjlaill A^JLx-g 

.Lb^^I! CjUIu^H ^b (Sizing) aj^jxHU bI^-gS ^ ^jB^x-all ciAj^S^Uj (jj^LUll 
(De-sizing) v 'ajjxSII <SI jV <— jU jS jUII SbU CjU j^\A\ <c. U- a ^b^Iuu US 

. BjU j ^jUlil^JI A^-Jaijl (j-G 

0.2- jjSjlj ^ CjUjSjU SbU aUIg-ujVI djUU-all ^wun'i 

AlB-lj^all ^3 Ul . ^Luili]l J Lg jULgI! %0.02 

(j-G ^b LgbSS-uiaII ^ jajoJISII j bjb^JI ^1>U! ^b bUo-g ^j^jlS J-gxI1ujj 

^j-G SbUII ob^-S ^gIUII ^U 6aUb^J! CjI^jbSjII j .(JbUUI &ba 

.LjIuj ^jia 60000 

j \ 4j j^c- o^La (size) ^ ^ 
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Lactic acid 



dkifiU! 0^4* 4.15 



L_iliaJt jo 0 JO JjV (8.15 JLidl) dLdSUI j jdl J J- 

. 1^.1 jjj <jl lia.V -^-jj ‘Scheele ^11*11 a }-> > J jj 1798 ^Ic- j^ioim 
jid .la^io (racemic) i=dk -d j t (-) D j (+) L < jjjdc J5-i 

JjlAd jmjl-sll jjllaj A uii'iWj 4jK > : MI A ng II ^joiVI (Jj 3 jjdll t— 9j=dl 

ejjColl ^jiuw jl jjj oUjI JJ jjdj (-) j (+) jj j i(Glyceraldehyde) 
A-iojau]l) D, L-lactic acid t(c'noi.il jll) t jjjiliill AA ( ^-^a . Ldasiiuioll 
R-lactic j S -lactic acid ^ jjjdiiil jji$J j <o jL^JI Ujliodll 
(jjLolad! j sLiiJI f.Lalc. o jl tLulc. ^^ic. D j L (jo V .ijacid 

. ^ajAll 4_io»n'i\l ^Liaj jj.\o»..uaj IjlIjV Uj)J*d' “dlaill 

4j till jLooJI j 4.ViioI| CAnKH 1.4.15 

Production organisms and biochemical path ways 

(1881, jooaljl A Inal jj ^ 1 > ,n( (_g j^io% (Jjl dii^UI j^io^. jl£, 

AiifDUl (jiaoa. lijdj t <1 > ^i"n j .Littletown, Massachusetts, USA) 

Liiilaj LijdJI oIa t Vn.nl Ld tLiJulai LijLui.1 UjI j&V jj£jj tjlao^i] I gloVii 

(Hetero-and jo-sMI <,.jl yio Ljdjj t jo-vill a K >«u j ji£j J] 
wii^oj Ujddl jo jiKjJI jjA jo J£ j tHomofermetative Bacteria) 

. 4jjl>.-ndl jl a jj^oll <]l£jil t jm*\ oj jj 



COOH 


COOH 

1 


H-C-OH 

I 


1 

HO-C-H 

I 


1 

ch 3 


1 

ch 3 


D(-) 


«-(+) 


.(+) L j (-) D diifiiUI (jlaoa 
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(J£joljj t tilddS^UI (jAa^a j-nVllI Axtulaao til (151/111 (_pa.ua. IdjdSd Jjd 

A Kta'ixt IdjdSdll ^cljj (jda J i jj£_jlalt ^AA A Jlgj Jld5. l_JJ ^>aj 

i_djla ^Jl (J_jjloj'JI j tild/sjjll _uattaj tildlall (jAaaa j-a Ajoi jtn< ddlaafi j/oaill 
^d_Jj| AdlldtS jjj ^aadll A K uiu LjjA Jl dAl^l/at j JdSd . . I'tOi II (jAa^a 



Hexose jlu« JIAk <> Adljia Ja Ak. jii U* Aldolase 
(j^all Jb .( jliill J^aal! Jb I) jj^jlaJI ^aa aaLc. *UjI monophosphate 

Alaujl_jJ (_£_} aj _)-tvs‘lll At/ulaLo ClAl/bull jj£i jl>ll ^»AA A ilttf. jjli ttilld (jd 

_11 (ja^UI AjAaill j Glycolytic Hexose Biophosphate —11 J4£ jL-w 



jll jaill i_SjJa ddaj t(jll j . Clu3j_)dfil (Jljdal jjdjla (jc- ^ Uu'l^bll NADH 

(_ytulaaall j a VI 11 til jlui jli tldaiad/s GlyCOysiS II Aj\.aC. JjSA l^dS jjSid 

. (o5lc.l Jajlj (_£_ja.yi A uAiJJ I Al j/all ^ya oAdljdd AAI.iaS Ji'fnuj Aai] t sjjj 

(jjijtAlA (J_^o 1 (j a til jd55UI (_)iaaa (j/a (J_j/Q 2 jd_j£d (jfLad & \_J^)2=aj 

(jiwa (jds 1kg ojA3 Jj^taa/a Jb G^>2=aj (Jj-aaj Ia^Jj t (HeXOSe) 

(j5La.a (J_jj-aax Jlc-1 (jlj A jl.a» II t 2 jjall t. nunj Lab ■ (_>uj) > >i5jA kg/tilddfaLUl 



AdIJll aL* 3 AdAadl ■‘Uiijall Adljjll ddldd3d Jnli'l (jj ,%92~90 (^A/ a J jjSid 

. 1 g 3i uVi ^3 o_)Jj£ Cjljdij j) C- dd_>/adl A3 plAiHd 4 Li (l_)/all tiliifaLUl (_)Aaaa ld_)d5Ldl 
lei _jjl _}dalall (j^jll ^A (j/a/Jaij tf.lAxllj 4 A'l jAI ti]jd£l/lll (_pa/aa ld_jdSd jlj 



Carnobacterium, Oenococcus, Leuconostoc, JdaL I J) SajI e 
Lactococcus, Lactobacillus, Enterococcus, Weisella, Vagococcus, 
^.wia Juj Tetragenococcus, Streptococcus, .Pediococcus 



. jAaHI jSL4lo IJE tltjj 60 (j>o JiSl Je c5jlaij tic. jjla Lactobacillus 

Jill A_jaA _j.adll dll _>aall3l -»l-i» a JS _).a Vlll A K L\a tiiii£l)UI (jJaaa til^jlidull 

LijIiSall ^Aajjdj jjja tJjajll (^jj A_alilc.VI jl AjAcA! iia Jj Ajij 



i"ilj.<A' tiluS^UI (jA ua j^VllI AjoilalLall 



AaII c. o_)l_)a djlajAj Judl ^A lad - •'< Jill ddV^Luili ^lAadjail JdaSJ tLa jaC. 

^AalLtij .iaut jll ^t ;3»ll Adjlaall Asliall (Jl jdal till!} (jLul jjx jV (45-62 C) 
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jj£jkJSI £* (L.Delbrueckii Ji°) Lactobacillus ^'jj' 
J&. lsJ 1 ^ -^j ^ bulgaricus j L.helveticns jj*. 

ijjjlUll J L. delbrueckii spp. Lactis ^jbn.n j .(<j4l J*^) 

J L. amylophilus — J 

1-li.lj 1 jjJ-i'l ^lij , \l \ A Vm.ciI' A -v /%\1 CjU51£1I y * a 

dj \1 c- C... \ j (_pax J jjl tLaic. . . J 1 i"iOI (_psuiaJ 

(Rrecemates) ^ c 5 j^ ^4^^' 

• J) UJ& 

Sjjls 4_jjg -n ^ f.lja.1 dlliA 4tilu£^UI (_p L jjjSIj J] 

<J 4 4*^' ^r 0 •Bacillus coagulans j Rhiopus nigricans Jl« t^Ujl ^ 

( jJal jc-!>U ^VuiM V djljjl£]l oi& 

Lactic acid production duS^l Jo**. jrlij) 2.4.15 



4 til ('lOlU i _yoA^. LljjSul 4 -UJ.Jt 1 ’^ JJjSJI j»-iSoJI (jx tS^ 2- 

^ Ti'-n . A-j.^jVq~dt (j^jiaSI 4^" u *4 CiL$yud\ ?.li!ljl AjL»c. (jli 



c <i . y i Ajc-ljj-all s-laljl ja!L 4 4-*(n5!<Ut (_piA=J ^Ul 

.(Phages) oUSlJl ULo jlio j l*yL dl]j£ 



dl]j (6 jllil! AIuxa A^.^)A <Qaxjjuia3I ^\^1\ j! j-a]I <jl v^j 

4jiC,jj ^Ac. JUjjl j IaA (jSl j c Afy<2tt\ 4_iiil] A-ijlgAl! aL^.j-a]I ^ l^)jj£ Ac-LolJjuj 

(jli tlA^. ^uai4k_Lo £jJI _JXjuj (jl LaJj * 4 J* n ^*Tl Al^)J (_£a 3I C Q*n^n\l 

^)1 ^aJ-uiIj aI^aII (j] J AaaAI jA j.h/ixil L_JjjjL1a]! J wVi 

Ajj)*^ a\1 jI _ jl (^Liill ^jLaII ^1Aa]1 

^LJJJ jl (JJjV (j -0 ) _5^ 

^ja Cj\j nxMA-sll ^ic. AjI-Aj 4 lojwi j 

^Ia^JjojIjj 100 m 3 Jj 1 ^-oL^L^.I (Jj-saj dj^lc-LiA ^9 C1 j1_JJaA*i\ 1 6AA .(jj^)jaJtJI 
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^ 4juAla JJ 180 j 120 jJ 

Ij^j£j jl LaJj dLa-li-all^ did ^Slj (j^ 1 

(. . vnj3 lA \ n^VI (jiaLa^VI (jdxJj B dldaldil S.vj* «q AjjIIc- dal ilku ^JaJ tiiaj£^UI 

4\\ac* . ( ^jaxjuJI dldla j!La 4_iald jlj-a) 'djjida 4 _aC-Ij j! ja Aildal 

La^)j£j (_y. a-a^. La^pd) t- Qjd Jala. £-a 45 C ^3 .jj.aViSl 

60 j 5.5 (jjij La pH SI dJj ^Ac- . (uj> **>5^1 Jldjl ^ . ^>j l-i^Jj 

xn ^a^JjoAl£ll dlj^j^)£ AElx-al a\\ ^ jJajAI^SI db jj AiLjaj ^jc- 

fijluiVI (jc. c-*Ul^yUl ^U.jlJ ^3 tilliS 4 Jc-Loij ^lill LiJ j-oVI (JLaxiuil 

c-lluoj .AiK J&l jj£j AJUJI ajLmJI oSIj .(filii jJajl) (Esterification) 

cIuajojVI j) t_LodJI a.^Vuh! 333 tj^bll dldJ ^a jdai. ^uajb-a^k, 

^3 I ■ ^ ^ij V (_£,A3I 2^ jsl\ ^Vnnj3 ^)daLaJI (j-a^ll L5^ Lai . dl^j-adall e-Lij ^3 ^daLaSI 
^Jc- J jj-aaAl Sale- ^jljj . 6 ^ 1 ^ •N'sl ^bjj dVS-^- ^3 L-a jj-ad tdVL^-SI ^Jax.a 

.^Lal 6-4 .ixj ^^Ja^SI ^ %95 - %85 4-ixd (J_^d 

o^qJjoiaII £-^)l^-aSI daJxla ^bjj A ; n*viSI dal jjadall ^3 dldaj 

• <jVl ^ <cA.daSI ^3 (J^alaa SdaLa LaildSI jl 

^ i*Q^.*i\ A k l~t l^W\ ^ c i-^\y \^ s \ \i ^ -n. A /qV^\ a Jj^C, ^ ** y\ j ‘<*Q* i l ** ^ 

^Jj ^3 n^SI j£a 2I ^^)j^)A-fiall (j-o Ajj . ojliiSI dal illVixa 

^Jlc. ciS-uSV ^ (JjA^^kSI dj^JI UJ^ S-edc. ^y~\j (j jj) %0.1 {j>a J5I 

Jajujj ^j-a ^L^.^)!LaiV AjjojLjSII Ajjj^ia]! (9.15) (JSjuaII .ojlaiSI 

4_jJaA^d 4_lC«^j dlj ^ald. ^Ij-o ^baVa ^j-a Jj-a^doba]l t-al *C5^ 

^Jjoijj A J^ajjI jj AjSjj]I l g ud ^j-a j coda^O <J3 jj dl jlad ^-tldS 

.dl^)-a 6dLl Ajj^L fijlc-j ^aJ a jJa 21£3I djjSV 

il!La) L_iadall ^1 dd_oLa ^ga^lA’ixjjV 1 J-ada l^al.^VuJ ^jS-aJ JjIdJI 

Triakly Tertiary Amines J 2 -Butanol J Isopropyl ether 

(Esterification) a^L^ p.lja.U J 4(Aj>dc. dluia ^a 

. Jjiaajll 4_iLaxJ l^c>ljjj ^aJ t J jjtlLal! 
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. jAaall (j jm (ilufiUI kU4 a :9.15 Jitill 



Applications cjllukifl 3.4.15 

4 £.jjoiJ (_)^a!LaJ < L JjLui ^_youa^. 

t. Vn--.ll Jl« 4 (Grades) Uili^J J CjUjj sa*j Lu£j jajijj (Hydroscopic) 

^ ■ v ‘ 'll i i ^gjV,\n^>ll < in-nll jl i infill jl 4 Va'ti 
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LCwll .4-15 (Jj-laJlj A ~s . .-1 pc i al i > .nV I o2& 

A 1-1 > J yi lg_ia %70 (j^ 3 50000 0(n5!)UI 



L^jLal iLIwil j 4L1S5U1 (jIiaaJ Ajjlaull <_iliuaSn :4.15 Jj-laJI 




Uuall 


Aj£. jill 




^ cs-9 u4 

4^y ^ 4 ^ % 80-20 

^JA 


^ '<91 i__al^]| 


^■1 jj| 4 A ulic. olil iJal 

i^y - a 


(_>a %80 (j-Q 


l <a“n^a\l 


djl 4 £. L*_aV 1 4_aJlx-a 

. 4_n^ 


jj£ 1 ( a ^'^ c ' 

%90 (j-G 
jUj %0.1 o- J 




‘(Lacquer) j £111 

CjI j 

^ J \->*. \i 


4 "ja, 

T- J 

_ A 
•0 0 

0 

0 ^ 

'S 

A 


ill v — alkali 



Other acids qaI^] 5.15 



.1=. jj i il i"iOi II 4 cllj p£ jI-nII j lilljjjoi]! jiaAi. ^Ij <jLca)/lj 

. Jal C'll i.a5i (jSJ J tljc-ljj-ij ^cjjj (j>i -l-ic. 



Itaconic acid 1.5.15 

Sac. 4_^3j .tilijiluLlI (_paA2. j iLq'i <jLaaJ ^ jVm 5 ^L-at ^_paAaJI I2& i a^C. 

(JLa*ILailj loVill A 4a.tjj! J .12. j ‘ (jj^.um.11 ypjiil (j a CllLlilxJjV I 

Jjaj ja tdijjSlliV' jiwi jli i<4'j-oj51l 4_p.lill j-o .Aspergillus terreus 
^^.lluj (J5oij 4jli t4 Ijkll 4"n<i>u i-iiuuj .Methacrylic (_y=iAaJ 

(Styrene (jj-iljjjj (jjjjliLoi ^ y y-Q ejl^ajl Ac . lun 

^jLla CjUjIu <*-* (_>iljij J >_ aj&Ij t Butadiene Co-Polymers) 

i"huj\ ' g Vd j i <_pai.jl (jj£j Cij' J- a j5jj!lil' i—ilc.1 n^i'l A li»>il jj A \Vu 
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juVity A.l1aC> MJouiIjj yl a^a iiLujSUjVl <jj3aa : 10.15 J^uJI 

A. itaconicus j' A terreus <> fl-ilimL jjaxaJI 

A£ jIaaaII cilHI A^jLaA tll^lc-lij <UouiljJ Lul (J^A^JI liA jj£jJ 
jjjjHJ 4 aa. 1A t-iljt ac. ,.^1 (tiLjluJI jj 4j1aC> ^ 

jiljSjl ZSLaI JaSaII ^jjjSjilj Glycolysis — Jl jLuia £y* 
— dllj AiLuaj .(11.15 Jl^l) CO2 t“n/n AJouiIjj cluiuj 
(ijixj A-terreus A <> 

Ujj .Cis-Aconitase <> itaconate Si-® <jj£j ^SHj ^Aconitate decarboxylase j* cJ^\ 
u* j £ jajj aconitasej Citrate synthase ^jLajjjS <$j 6 ^ j * jjuj I^a <J 
ciJUll £a aJjUH lj| jluJI <j*Jj Cis-acontitiate JiS A.terreus j! ■&£■! ±& 
j±u3a] jI^ia tjSU (j£jji A. terreus <jj^xj Lajj .(11,15 JSjaJI) Lj-ijjSjlAj-dl ^jIa 
. jjaV'11 AaLac. .<iLjj£UjVl (jia.AA, jl jSl ji£ iA. niger <j*a jILa^I cjj jiuJI 

j Citramalicj Succinic o^La^I <ja aaIILa ljLa£ <j^j£j <iluj£liiVl <jjaA^, jjjSj jjal jj j 
j^aAA jjui^-i jA AaJU t,"u4jl ^j^LaaVI fiAA ji V) tlailA S jSjIaII ljIa jLuaII jj^Iu .Ita tartaric 

. ,jji,l lj! jLuia aJxaIjj jj£jj 1^-ifUj ciiLjjSlljVl 



ch 2 

II 

C-COOH 



hbC-COOH 





IaJ| Lmi. JI ClL 


>SljVI 








‘jLSjJJ- 




aJl *J V| .'j"'.'' "" 

^iti 0 ujjl 

,CCte x | 

f ; CiU jL 

- 1 JS jV' 

ovu« Cis - 


jVI 

i t 

JjjVI 


A J 


A 

^CCh 

Uj. J 


| IjjjjjSjijAl) 

1 aVUII 

CJ14U >\ jS jVI 


jtfjSi jVl 



Ajjllvll tliMc-lilll i a,*W pj . (iLu j£UjV 1 jiaA^J <_$ joaJI JjjlVill jxuuA JaJaA,a : 11.15 J£aaI1 

.dojjSULVl jA-aaJ ,j jj^JI JjjlVrlb Ajfcle- l$J ^all 4 _Jouj jl\ jIjaIIj 



^llijj Laj-aC- AjLaJ Vlll (jj 

(jiajVI A-1 ^_xjo (jA abjl j CjLiaS (. * ^Wn A_j I (_^l ccil^luiSI 
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jjl'N .„<SU I2lc- 1 S-i..i IjLuoj . 5*^ CfUdl Loull Cl2/UaJla 4 j t_sljja) 

l lli .ijlll' j\/ J djl,yS» a jj£i JaLi. (j^o A J 3A» .all CllljjjVI ^-3 AjJj.W.« j 4 4_ulill 

(Prussian Blue “(jjjVl y^jjdl) Ferric hexacyanoferate sjL. aJLJ jj 

3j.isj ojlc. _jaull __i£j .(2.2.15 S-^> 2 «JI jlajl) t_>*l ^ ‘ill AsCial A S-i».il_^J jl 

jijljj . Mn+2 JJjSj ( _ s ic. CjLojiaua V Ajl tLalc. .o^jayLall ll.ll4>..i _^a]l 

(jjj La S-»q^4 1 (jl l _ 1-NJ pH SI (jl l_jSls o3C- (jji^lj : 4. <l"l-s.a 44135 jA pH SI 

^^xJb^Jtll ^yl^SI -' £ 'S- tu ^ A >>iq-s iJI pH SI A-aj3 (jlj 4 3.1 J 2.8 

■iaJ! t> ( ujj / ujj ) %85 aj^a J Jj^s .itatartaric acid 

CjUjj (Cultivation) ^jjll a*j ijla J^U. ^jiiill i _ s a^»aVl 

c>=^ ®3&lj ejVjUs^ jjail U5j ,(C° 42 - 39) aJIc. s J j^. 

. 4 \ 1 >s 3jQ a ^ ft<\ l 4 ii i n l ^ \ 1 



Jajoa]! <L*lx-a]l J*v.nll SjI C« 4_iLaC« ^aJJ 

<- Vu^il 6 ^ 14 ]! LI L-A^.La) Clllj (JSjo) 

,£*L\ Jj] jij ^ jLlill 



A^-L-sa ^ ^g-jaL^II ^l.lVunVI 

Aja^L. ^jjjaa.^kjS ^ll^YI J CjLjjula]! CIjLLjjui.^ ^9j S^C-LiaII jJJ 

a^jLiII aKLlII Cj! j-«u] jJl jli A jjJoA^ll IgabaL^A L-IIjuUj . j_JI (jL-ajJI 

.*LU Aa. ^|S a (jaajl .^i^> Clllj jjj^j 

CjLAaC- ^ (%2 (_>a 1 J 3 I) Allis CjSj<i5i j ^SS,'-i5 ^Sjj jSllaVI t. 'll . > 1 ; 

ciua. (Vinylidene Chloride Coatings) jjAAmaSI aijjISj ajS-i^SI 
PolyC Ajjjjc. I j jSj.iiSI j (jjjSI $ .^iSyi (_jaal_^i. jj..iVi ^11 tilSj 

. jj_y^«iSI j i.nS»"'iSt CjIjL& ^ Ethylene terephathalate 

dSliA (jl ^ .Ijjjja. (jla 15000 (^Slj^- (j_y4S ja^aJI ^iy 

dSliAj t eiil ja ±\ jfll ^ (_p=u&^ jl ^SjLIj^VI tjl.'ii'n.il a-n'.^ 
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JaSS 1 i8.«.a j ^£4 (jjjjuJ! lAA ^3 jlill jlA i c2jj_j£l!ijV I (_Jsuia. Jjjjji _^ui Ujl^al 

j^sl 4 _jA ^LaJI ^».uiil jl Clua. i. <» 1 \\ *s"i (jAaSa. (JbLa. <j-o 



L-ascorbic acid (C u^M) 2.5.15 

<islLI ^aII ja (_>^4a. L- Ascorbic acid 

(jic. (International Union of Pure and Applied Chemicals) IUPAC 
4.1a .ml jj 1928 ^Ic- (Jslall jxs ^j^alalLwi-aS ^JaAaJI lAA l .C jjAll3 
Reversible (jAxll SlAall SAmSVl ^ C^aI <ilLma J&l j .Szent - Gyorgyi 
Ifrifi J jj ^21 <(12.15 J12JI) dehydro-l-ascorbic oxidation) 

ejUjjjVl aac. jiad -(Redox system) u & jjjjll jjj£i £-Jaiuu 

^ UjUdl Dioxygenases eiiLujj) tcd^jjfLAI u^aa. 3 J»J jj 

<LAI J^aii AaJ jj .(j^laJI J&. UjlaJI monoxygenases —It caLu ji j AjAaJI 
jl*j ^aI! (Scurvy) AajjjamVI *Ia _>a ^jjluiVI (jAaxa. ij^aaj (jAaljC-V 

4_jlaC. ^3 4 (Oxidases) aAm£jx]l CllLajjjVI aAA <21*3 ^»Axj 4 in. ^ j - ' 

4jLaa. ^^Ac. J>uu Alu I jl tLaic. . jia.V_j£2 (_£j4aJI j ;'V'tl 

jja-oiSVI jjAa. j (Nitrosamines) j^l^mjjiiLJI aI jj£i aas ( *maJI 
jl .AjAaJI a~J ULac. ^ CiuiLol AijU. j -d jl La£ cUilLj^AI (Oxygen radicals) 



<_Uulll ^ 



l 4 i <qA < 11 4 ’ 1 'w' , ,ijj .sAiaJI 4 _ulAx]l 4 '\ \ a , ^ d£l jiAiVlj t Cl 'I a. -^>11 oAA 
. 4_liV Aimall j 4 jIAx 1I CjlcAi.^ill ^ C jJalliil oAjAxII Cjliulajil 



CM.OM 




Cl*OH 


H-pOH 


J5L 

wT 


H- 


-OH 


PC 






HO OH 




o’ 


0 




L- 


Aluj^LuiVI jjAi^jJ (j<aaa 



.Dehydro-L-Ascorbic [O] j-a jjljj <1U ^2 (Ja**. :12.15 J122I 



. Jl jjal fjjxj [H] iSAuiSI (J jiu 
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CjdaC. CuIaajS dll jJ-a-s. JaliijU liiuj jiadV 1 <_>da^. 0JJJ iljjldi 

^liuildllj (Jjjlid il^C. L_s^)*j 4_lLuu j_gj ja>. (J_jdl sjjakj Ajc. I da 

D — 11 C-l Jljii.1 ja <A«JI <>2a (j^LaVl 1 Ai-Jl .(Reichstein Synthesis) 
(j^ajL^xaJI ^Sfc (j^>J>ll (_>aajj -laSldi clw^ ^ tC _ 6 j C-5 odu£l j ( — 

.(13.15) (JSjoJIj ^. ijVsil l Jala -dl l .C-3 j C-2 — 1 (Chirality) a v ;^ . v^ .1 I 

— L ^31 J j\l } J — D odoSl ^A > 31 4 l" 1 ' [ ’l J.' ojliaJI a jla-s.il (jl 

cil jddll <j jid .Acetobacter xylinum 3j£31 1 $j gdll j ^j>^ 
dUl dil .6 - 4 pH j -°C 35 30 (.** iVl £-ajjj-<JI (_£jj joiaII 

^jig-ill aII jjl^ l^gJj 6% 90 (j-G j5£l IajaC- ^ISjulLujjI J (jJVl Aj1a*J 

^L^JI ^C-lju-a]l ^Lj .%60 (jjfL c*Lj I 

jVj-^ uj^ 600 ^aIUI J_^uJI A-<ua ^Afjj cIj^Iuj clA 3 80000 ^Jl 
(_y. ^CJJJ ^ Ja^II aJA j)A l^u^ ^3^ u)j *%4-3 (_£ _^Ljj J- 1 x_aj 

. tiiiJJj£jajl 

t(j£]j ^jjaViII 4_1xujI a^joitxa 

(jSuojj ,4-jC.I n^nll CjLiLixJI 4_^p CllV jL^aII o^A j)A (_^l Jx-aj ^2 t^jVl Jjj 

L — ciiijjj^jujVI cl) -0 Chlorella J) SjuUI J L_illi2a3l 

L_ilL^Ja]l a-i^J Ajj)j*s\l .Ia^, aIiIs CjIja^j c&^joiLaa — D 3-0 

. <JLajj 3U 4_iiic- A^lxJaj jl c — 2x£> IJU. a - liJlujj I ja-oj 4_ii*JI 

6 3^)^ <«— * iL^.^p Ig^U-j cAiUall g*’n*il j)A <^..nj 

AjjjJaxJI Clil n.^H ^).. 3 sIjLia^] L^qI.IVuJ j t dll AjAxII Cjjjllc. 



V (jVI Jjj ClS^\ al^jll 4_JlxJI j i AjjjJaC.^UI j 

Jl 3^^ cllV 6«ifr tiJLlA (jl i Laic, i (jjtlujJjujJ^ (jJaJ jJ 

JSI A_i]jl 3 .al.lVnul J^l^. j)-<i A-jj)^» II AjI j A.f\ \\ 3^a 1I ^jl'x i CjI 
A.^.jJra ja U.UJ CliV jl aII 6 JA 3^^ “\a\\ Cllljjl^]l <Iajail 

L- (> 2-Keto L-gulonic ja CjVUi^VI ^1 :(13. 15) JIaUIj 

jl Bascillus megaterium ^1-ikiJj j^^l <JaLuj ^ Sorbose 

90- (j# U ^-a Jn^.UA\la .Psudogluuconobacter saccharoketogenes 
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4.;\.ac ^jj La. Vic, tji jlu j %75 



. ■_ I-ij j iSi. ■ .7 1 



fUskSft aJoujI jj ££aa ^IaxSH : 5.15 Jj-laJl 

.Ajj^xaII 


A * ^ A A t\ 


q'WaW 


(jAa-\W 


4j 1 6 ClAj^^JOLall 


Gluconobacter Oxydans 




. .i <\1 A f~_ 1 'i ■ ^ 


Rhizopus nigricans 


tiL jLa jjiSl 


dlljjljjall — L <C.lli^a 


R.arrhizus 




( djU j^iolaII 


Aspergillus wentii 


cililLcJl 


B- S^Lal SjLo 

Lactom 


Paecilomyces 


trans-2-3 — g4jjt 

Epoxysuccinic 




A.fumigatus 






A.clavatus 






A.niger 




dji-ll-ba l JjI j-c 


A . oryzae 




dlLxJj-a 


A.wentii 






. Jjj 'I iuall Jxl J 'i J jx ^ <Uj» ail 
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4 in tl ' J cl ja]I Ijc-I j Laliaj j m j j4J..ia]1 (Jjj^JI jjialiil 



J=»j uj 



Cluj jSijJ ^Jj V jl j J j)l j 11 (Jjjau t Jc- Jlaill 1CA 9uu*Jj 4 jjtluiu'jjl j 4_iL<ud 

t> J jj*-o NADP J& icaj Glucose dehydrogenase ^ jjl CkJ jj 
2t5 - Diketo -D-gluconate Jj JAUI Jjj^jJI J .Thermoplasma 
fliiiJl) JLujJI 2t5 - Diketo -D-gluconate dehydrogenase <lxJ jj 
- Diketo -D-gluconate JjJj Ijjl -Cytochrome C c&L^Ll J-Udl j 
- Diketo - D - Gluconate LLJ jj 2 t 5 - keto -L-gluconate J] 2 t 5 
Gluconate kkJ jj NADP+ jrtul 9 j 9 J ^ Reductase 2 t 5 

•dehydrogenase. 



liluj j£jojV I jlaAJa. (jjliul 4 Ij jja. jliadt j I 9Ja JJ > ^»a\l 4 jiV I jLuu2l 

Jj o jCiLui Jjj^j jSJ Jl' L-gulonolactone JjL l f- jj5u 

J L-gulonolactone dehydrogenase ^jJ kkJjj JujjluiVI 
ajj luJJI SiLcaV! CkJ jj <1 j^ju l-gulonolactone Jc J j>^»^.ll JJ jy^ 
j* s jjV' scLdl jck j! J 4 D-g 1 uc urono 1 acton e Jj jja. jjjJU 

■ Waa 4 T 5 CllJJ f. LmU. 1I jl j J JJ 



Other acids 



is jSn jaUJn 3 . 5.15 



ojjCj 4321c. J Jill 4(Jjj.VI jlaLaJ/l j-a 33c. ^tjjj j£uu 

oiiA (jita.j ^Ljj jl tLalc. .ocjj. ciiLJjj ajjJj ojj.^i; t Tricarboxylic acid 

A ~s . .J c^q jloLaaJI o3& j4->» i . 3*_j ^C.' uJI <_$ jj.aJI ( Jj (_Jsy J jlaLajJI 

^Jc. ^^.CaLall ^3 4jjjj J 93 jl£, 4 tjL jLa jjall jljuaja. (JlLa .^5.15) J jjJij 



4jj3IJus jjs jfLaJJ J |3& JlLa j£]j 4 jj-a Vlll 4 b . .il jj ^C-l u^ill ^JjJjoiaII 

. JUI JJaJll £fciyi 
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* w ~' , JIa 



Introduction AaiLalt 1.16 

jl ( j £ (jxi £ 3jl ^ ClAiaflJ <JJ£ -N a\\ CjUjI£]I 3 jjj La-lic. 

Cjlj^^a (j x jl 3^.1 j ^Lul iJaxj Igjli iAiUalljj 4^i.l ^ 

A'\i -si yA ^3 iS A (JjS (j-o (JLaatJjoiLU LUi QjSL 4_iLkJI J^J3 

•(Starvation) (_$\ ^l3*j! <_i 

^ Ic. Ljjg -N .all i_i]LaJa]lj CjLl^iaal! j jjLaiJI ) ■^■a~'».' 

La Ulc- ( _ ? ^3 Ljj£a]l 4.. : ual\L Lai • jl £yt OJJJ^ Cjliafi 

jSlajj .(PH A) Polyhydroxyalkanoate — j i_*jj»-a3l j-aJ^AI Aa<J j* 
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(JiJj 'ijjAA <dajd ..i-sl£ t jg J aII dd jjiJI l" i Aja jA jjc. A-" “Ejj 

tdlaJI jjjll jA jj£l j' %70 J] 4-ijj-s.a" ^Lota-LM oLa j^jj ^Lil . LiLldll 
dl jaJ jj 3a.f) (Glycogene) j^ jSLLUL' dLa jl .4d*A £•) yl <_J 4 jKN 
jdu) Trehalose j jil^j jiii j (L ji^ <11 Ld ^ooil LLiiJ 4 _Lc. yAj jy jldi 

P HA ^ Ijjj jA L/ 3 j j . 4 _ia jj jadl j jdl did ja] 43 j j*a (j jd ^JLaI yfc ( yiLii 

jA ojdi dLld ^alid LLiaJ 4j jg % a It dLul£ll jd*J ajiii t jjAJlil jl 
ij±£ kdiall dLiASLil ,jj£i La Idle, j .(Polysaccharides) d-ddll dbjddl 

jjdl db£jA jA (jjiSjdl ^glc-j t jj£j l3gjj t4j\-s\l ^jli. JiJ jjili C’n^j 1 3^. 

.(Extracellular) 4dJl ^ jU. 



4dlLc. ojLa j3 j!L ja^II 3d La3ic. dLa. jdall oLa £-lAa. (JjIVl jdj 
3i*3 l3^Jj .a33a-a 4dlLc. ojLa£ jj^jjidl jld-l La ojlcj . j jj j£Lll jjc. 4„u>iL..iiI 



. jd" i ka JJ i_li»aiJ j i j£J j j jj j£]l jJu^aua Jdalu LLLiJl jaImi'i jj^ j jliiil Llii 



(JaJ3il jjjj£]l 1^3 t 4_i j jiil jJaLa^yi J jjj j jdl jjidi joa. j jdl jV 

1 1 » da t3<u*_i jj^'idl jjdl i_i£ja ^jj jj • jjad' did ja jaj 4^.jjooi 

. jjl£l] jjl' a_i£ jail (jSfr 4 aJ£ S Jj^aJj 

duail dil j 4_iAjijaJI j jdl dLa. jda l _g^ c ' i_h-aa]i I La ^2 lj j£j 

a » All ^3 jjui.ia]I 1 iL^ia ^3 Jj^.ja jA La i aLLdj liil i» j I La j . 4a jl Vill 

Polyhydroxyalkanoates 3 ' ja ^Idl ^_Ld V dj^ t ddJi I La ja GLI 

o33*La]I dLlj^mll jl Laic. .IjjU^ JaLdl) 33 3'ja]I «3^j jjldill ^LuAL/I jV 

. 4-ijj*^ll kjlLuil ^^3 4-a^-a j'jA dll' j L/ djj jil j 



Microbial polysaccharides Sjjxldl dLjluiil 2.16 

Introduction Adidl 1.2.16 

’djjdaii dLijldl jjA 4-101 jiA a ddd yd 4 _j jg j ail dLLlLil j-a jjdil 
dLljdiil oLa jA jdx J dl jjjj . jjjj^il j3oooa jA o 3 jl j dLld j 3 jj 3 ic. 
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Jlia jd jA (jja.j£j2LaJI jjl dua. 4(j_)i. tl " 'I J^a£ 4 Aj\-s\I ^ o33jda]l 

Aaa.jlaJI e33adail dLjj£ i ilIIj A3j^>*_a]l (_£jd.yi addall dL}^)£ ui.ll j . cdE ^ifr 

dbjUl sjI & ^ j L2UJI ^LkJ jj jjaj tExopolysaccharides (EPS) 

LdldlL) AiaJJ^-a dLijSuaill o3A ^^JLu 33 j .^jldill AjaA^I dll j Aj-ajJjaJI o33jda3l 
l3A 3<al»..l . 3-i > .i^ll ^3 L_1 j3j 33 l^jl jl 4<^)1 AJaLda 'dLa jl Aljm^ (j£Ld ^^Ic. 
jA o3jui ^^icj 4 33ada]l ^jSuoill ^jjal^ill i_u£ji]l JlLa (jal jC- o3C- ^^ic. 

.( 1.16 (J£d]l) “Aiwji dl JAIAn.A 0Jjj 33 J 4 A ll..nll iLuJjVI . A£.jj3l 



i a^>*3 ^_lll id ji^aJI Aua.jldll o33jda]l dLi^)d»ill [_yax j (jl jja. ^3 

igji UJ 4 A3 j^ja-a Ajjldi dldiia 4 (Glims) I .ai^Vlj d-ldall ^3 Lo_jaC- 
c " i\ J ^‘s J Igd ^jjoS ^dy (jillj ‘AjiiljjJI o33adall dbjduJI ^-a (jjiSljjii (jl 4_aaJ 
did Ijjj 4A-£ilii]l dLljduJI ^tiill jljdaj/l jdaJ .(jdadd ja.uilj Idk. 'ijd£ 
d. ^j| 3 ^j!da j^Ic. Jj.i<n*dl jlSLaVlj (j J)^j > >i _j].aVlll AaLaC. ^Jc. SdiJI o^jlij.ull 
Ad2La jit ^^Aj ‘I ].U>i‘l 4 qKa A_lLaC. ^A jiadlll (jl 4Lal& . Aalc. jLaJcVI jdaJ 
.ojj j£ lillj (jl£ (_gli. “dad^ll dla. jn.all Ac. Ida! 




(Alginate) dddj did Addl Pseudomonas mendocina Add : 1.16 Jidl 

.(Agar) jUVI J& AdJ 
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General properties 



4-alxll LjlLuail 2.2.16 



aJUxldl dllljSajJI (JiLo lillj IgJLa tCysjJjiJI sJJ*!La]l ClAj j )fLai]l j|J 
I g 31 -LulSi^l i. in.ii 4-aji dilj t (Seaweeds) aj^>^_» 3I i—ilic-VI j olloi! 
ojljj ^^ic. (Jasu \-g_j) .(Rheology) (JJla-all (jLjjjJI (j .->H . ^>-s jj^Oi 

. (jjLeill j ^H^JIj t (jjV'nll ^ sale. ^'iVin'i j •ojjill 



(jl£_jl^jjjl£jai3l j j'l j> . Xj ill Jla OljjSjuill (_p 3*J (jl 

£•) jjVI Lai .(jjLill <liill jj-LaU-LSI (_>a <2U. j <bUia (Scleroglucan) 



1^3 ^jllj t4 u>>,a*\ll a OljjC.ill (jl tjjUj^ll j (jliil^3l (JlLa 

i(Polyelectrolytes) saa*ia3l oUJ jjXjyi y ^ t jj£l CjLo l«i 
‘(Uronic acids) thjjjjJI ^>1=^ l _ s i& ^ yoi ^ 3 

• Oua jjjj ^-ixU-a j j^Jc . j (2.16 J1UI) Glucuronic acid <_>Oa^ Jla 



jjfijj) CjjjVI a j33l (Jjl^.^11 ^ oJJbCLall OLl^adl ClAiiya. (J£^u jjlll 
oaOia ClLljfLaill jjllij . -UalLall jSuaill n-\ jj-ll^Jll jjllij t(^la]l 

• J jC oil (_^s (Cations) 4_i^_^a3l oljjjyi ^>j£I (JS >’> 1 ' laj-ac. * 00^^11 

1 2 . .->* 1 ( x^a aJolHI ol (JjojUji Laj yi (jl Cllilll ‘Ci^.j^all oljjjLU yCoj 

.(j j3 filial/ I >>i» j 



COOH 




OH 



Au^jlOl a JltlaJI CjljjSOI (_ji Sale aJ_j^^a i _ f A j t liLj jj jS^itl (_ua.aa. 4 _u£jj 2.16 JUJI 

.OajjjaJl (exopolysaccharides) 
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Xanthan 



Cpl\jl\ 3.2.16 



j] -Xanthomonas ja. AkpX\ <JLuiil Lj&JI 3-kJ jj jtuljll g±u 

jtijljll j .Lujj^)A<g VLoxI1xa)I A-i^^)Lkil dAj^will 

^aAjj Ajj 10 r UJJ 

i/) P - (1— >4) Ja£ j* (Glucan) jlSjkJI i> (SJ& 

CAjJJA. (j-Q Aj j£kA A_njL^. A_LalLa) A_J llflJJ J ( J>.\aJ1 ^JA ^ 

CliiSj^nll Aajju .(3.16 J^axII A^IxIIaII j£joJI 

D«lgJ (jJ j . ^)aJ^JI A_ 1 aIaaj ^ ls^J AX)Lai ^ 1 c« CliilajaiVlj 

• ^)jjlj ^ ^a1! 

^k Glucuronic ciAjjj^. ^ ciul jjj£J! <jljjl^]l ^iixj 

4<la I juia Ali^.j^] (jl Uj C IjjJraA^i Ij«1xI1a Aj^£ ^)A fC-jllj .Ajjjl^JI AJjol)LuJ 

.^IaII jj£jj (jC- ttjUril 



Pyr 

i i 
4 6 

I I 



— >4)-£-D-GIc-(1-> 4)-£-D-GIc-(1— > 



CO 

T 



/?-D-Man-(i-»4)-/?-D-GlcA-(i->2)-a-D-Man-6-0-Ac 



Sjlfr ^jA j jiiS) J jjudl A-aillaJI j_jjLa <Uluii j±a l( jLujil 4 _u£jj 3.16 J^uJI 

,l$jj Ijjj La J\ 4 jjj£j dJj (j" 4 L$ UJ^ c4-*ri c4i t% 30 



tAjjl^ill 4 j^aI <ia jj^JI SAAjclall Cjljj£jai]l j!i£l (jLiil jll ^nxj 

^A ojLall oA^J 0 „4a.l.)^)II ^jl^a-all . Ljioj (jla 20000 LS ll_^a. Al ^JLaJI ^IajVI jiliJj 

A c- «>a J jV jljjl jll <»AaaJ .Monsanto <> * ja. ^ ^21 Kelco <S,>i 
^ Sjku. all jl ^2 Aa ^ - ^ jl ilx'i ^1 i" 2- ^ T - Ll - l -j La Idlc-j .1967 

‘LLLdl ^ l u^aV' adiAS , '' \1 q , ^l \ ^21 oAA Clililiaal All djlc-LL—a]! Tla. j J)2l 

(_32*J oJlLa£ jaliJI ^jljjl jll oVi.nj . A-iC-lu^nll j <2^1*11 i." \\ a j 'W’'ll jj & JAc-j 

.4.jJ-aqill Cjlclia^ll jiaJI cjULat J7U. Cujjj j (Suspending) 
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Dextran 



jl 4.2.16 



CjILIjjjI _k. a-glucan jc. ajlxc (4.16 Jlill) jljixSxll 

4x^jx]I ' ; j'^JI jx 4^]xix £-1 _jjl 4.J-U.J jj ^xjj - 'xll jjl£ll 14-xxC-l t4 aV’tA. ^ 

£-1 J j Leuconostoc mesenteroides 1xjj£JI l^ixxb jx J_>x. <*4^ 4JLJI j 

■Sterptococcus 



(Ji.lj ^uni ^^xll 4xxa.jlxdl o.U*Xx]l Cj1x^)£Ljx]I x (jx^C- ^^ic. j 

^x,i,i X 4 J-sll ^^Li. ^ajjjl ^ In > J jjjlJI jx ^111 jl jixu£.JI (jli 

jj£jkJt CjI^.j ajA L J^U. (> jjjLxll ^ Jx*j jill tDextransucrase 

.JUjx _jll ^pJI (jiUal J 



4xl^)xx]jxl ^Ixll Jlaxll jc. jljJjx£jl Cxliu^aljxJ i_XC- 51x11 ^aXJ 

J.Wni jl t4 lx. jl < jjjl JXax£xX CxlxjJjjl j ^'"'1 lilii J XXJ-lxJI 4 ti.iji 4xjxjixll 



jl jlJX^jXil jl£ . xx ^c- ^)x ^xj ja. jjj iS'-^ ^ jxx Xxljil t4^]ljLxi] (_£ ji ^jxc. JXAi 

4xl^al Pharmacia E! p~ 4 U , .■! ^ ^.iix xSj Ix^lxx ( ^xii (^xj^flix ^ j-iaxx Jjl 
cxlinLx 4Ji jVI Ixl .^xll Lxj5lxJ (Extender) 41a*x» sxlxS 5/ J ^xidJ .Ixlc. 50 
(Jl jj V • j CxIxLaxia ^_3 (Jjljaxll (jxaLxilxV J jxixll jix (Jxx tsXjXc. 4 xjjjjx 

distil ( ^s xxUI jIjxSxII j (^x^La i j ( j >a . . ^ (Sephadex) (j j Aax* 41 

. 4xjlxill xljxll ^3 jl jLxSxll jaXiClxXj .(_£__)iJ 4 iji1\ ^ l" \\ a 1 1 Wi jjJalxxll 



>6)-cr-D-GIC-(l — > 
>2)-a-D-GIC-(l — > 

>3)-a-D-GIC-(l — > 
>4)-a-D-GIC-(l — > 



■ C( - (1 — » 6)jA XjLuJI lajjll . jl jjxxSjxII 4xxS jj 4.16 JSxxll 
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Gellan 



5.2.16 



(J5 /inxi .1.1t.'ixi j£joi (^jc. ojUc. jA (5.16 

ujSjj (Heterpolysaccharide) 
.s^a.1 j (Rhamnose) jji«l j ajj j s.ia.1 j Glucuronic (j^*. ajjJ*.j 



Lj^jl5 ill 4 In J ^Ilu jCI^ (_j& SjLic. ^a (j^LiiJl 

CjIjV jll Kelco Inc. a£ jxi JjS 3x1 ojjjLj ^ .Pseudomonas elodea 

(Deacetylation) aILAM ^ jj (Jjjla Cf- Gelrite ^Ic. ajIj^Vi s^idl 
ja ^ill (10 = pH AiiJaxia. 3. A mill (jc-) ^ 1 > .-» V 1 (jiLiaJl 3x11.nl 

j-jiuJli .jjSjLJl J±uy?> Ja.1 (jl& (O - acetylated) 3^> 
jj 51 -j.ij (jl ‘(_Aa j (AIa _ja aILAH 

j^a ‘*Cjjg >xill f-Li^yi Cjlinlaj (Agar) jA.VIj AjjlLa Sjjjic. juIjs (j^LaJI 

=3lgJI Jjtjj . (Jis! (jS&l Aaa^Ia Sj3 A]j J-lm£j]] a jlLo 

J5 .'.ill 3-° ^11 j^xil 3 ■ ,n A( q Aa^._ja1I CjUjjVI ojl j^dl -G. j.xJ 

• f^ll oij& 3 ^' ujj^' J) cAsj^' 



J5 i‘>i 1 (_3uC LuU _jAj f.ljbt]l ^3 (j3-iaJI JLaaJlml ^Jc. A33l >.nxill CIiaj 

.AikiLo ojLafi 

->3)-/3-D-*Glc-(i->4)-^-D-GIcA-(i-*4)-/?-[)-Glc-(i-»4)-a-L-Rha-(i-> 

Jjj.;. njlfr j Jjjj ■ »' O — Ol ala . 4 Jaaj jjSjtaJ IjA* , (jiLiaJI Ajj^jj 5.16 JSxxJI 

-Ls l^di I 



Scleroglucan jlSjla.jjaK-u 6.2.16 

J^aC. 3^0 JjljCLa J 'lUJ.a j^ui j&t (6.16 (J5>'»ill) (jl£ >3- J J A ..ill 

cjlAa.j (j^ 3 j£l (jxaj t(l — >3)-(3 Glucon (_>« 3 j^-“ lsj^ 

o3A . Jxu]_y3 Alxxlxx ^3 1 — lllj iJ5 ^Ij ^ IiVlxi A Ini’i^a oJjixi 

a all A xi pi _^jl Asajj dua. t cliU^laall a li ml jj ^vlli aa*ILo ySuai ^^a SaLdl 
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Sclerotium j Sclerotium Rolfsii jj&jjJI j) .Sclerotium <> 
.si-dl J* ^ glucanicum 



L_jjlS dil^^Ll J£jij J&J t_ul j -j-jLLq jjLjM (jC. ‘ijLlC- 

.A q5"i~s ^^LoVLj jjIjj Vj j pH 51 (j-a J (_$-Za 

<C.ll5all jlja.1 j 1 n^il ,j-3j ^>4^11 ?.ljj! (jjUl i" imj ^Vi»n 

.(Seed coating) jjiJ' 4yJ=^ j 



->3)-^-D-GIc-(i-3)-^-D-GIc-(w3)-/3-d-GIc-(i-> 

To' 

T 

/?-d-GIc 



.(Scleroglucan) i_u£ jj :6.16 J144I 



Curdlan 7.2.16 

J14, ^ 1— >3-P-glucan o& oj4^ (7.16 JSoiil) Cj>hj£\\ 

glij -Alcaligenes faecalis var. myxogenes 4-i=uJ jj ^ jU. j^*ia 
Rhizobium j d. rhizogenes j Agrobacterium radiobacter Lijilill 
(jls t jl<, jL. jjiK . Lil' ^lc.j 4jLia ciAjj^jj juixlLa trifol i i 

(j) j 5 5 C j ji (jj-s >>iMI jijc. U j3 \dyoh (jj£jj ?. Ldl <-j jii V (jV j jjSLII 

^Ull <j j£^q ojLa£i (JI-««.''u.liI ^j£^aj . ^ » % j jjc. jA (jjj£j 

c ~~ i\ q > . Afsjjdl s-liLall CllLajjjliU S-liLoi o-lLo^ t4_i. j 4jjc.^l 

jj^.jJI (Laminarin) j 1— >3-(3-glucan CjIL^. 4_>L£j jV-ijj^ll 

.(Brown algae) a+A\ <-JUJa]l j* 

— >3)-/J-d-GIc-(i — > 

• 0*i fJ jjitl yyS jj :7.16 
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Pullulan 



oVAwJI 8.2.16 



jfLol j A jjLa a-Glucan * J ^ j* (8.16 jljJI 

Aureobasideum Pullulans jJaill LjUj ^ .* jj£i* 

(j-o CIAj^SjoJI 4ijlLa (^Ul 5) UfuiJ AlilaJ 4\\aC- 

. s^Ldl (j-a %70 u^j tljjfiifl 

4_iuic.l ^jj .(moulded) l^L^an aj^5 <«— aLiJI j ajjuoc.1 

4j! LaJj jJlj (jljjUxdl (J-G 4jJ}l£j (Jfll 

U -0 A^jLulc , (jj , j^ ^.uafsall JjIS (jj-3 

.LjjiJI (j-aju (JjS 

— >6)-cf-D-Glc-(i^4)^a-D-Glc-(i^4)-a-D-Glc-(i — > 

•Cfljlj$ jj :8.16 Jidl 



Alginate du.i.vll 9.2.16 

^JJJ^-" d 3 * 3 - c> UJ^ ts-^- Cf- ® _*A ^ “ >.) ■ >" 

<JUI LjSJ kkJ jj jiu .(9.16 JS^JI) Guluronic Mannuronic 

I 3a j) .Pseudomonas Axotobacter vinelandii ja. 

jl s-UiiLoiU ^( j '. 31 l_l d.) ^ 3**. li'i ciuiiJSu <jUiui ^ jj"' 5 31 ^^.jldll 

.(O-acetylated) O <*i dl ^ ktdy Mannuronic j 

c Guluronic j Mannuronic ,_dL<^V kwJI s jjjll dd; 

j* GWI dl j Clil . ^dll . a 3 j3 511 ic- ddV I 

Ajiill dllj jl jja. tlalkA ^Ia J£d i _Jc- Mannuronic 
dljAjljj c ,uai! dudJVI jl . ji a j jj5 ^»!Aa ^jAj UVi-va !>1£au dlj Guluronic 
jLldll jlj .Guluronic jdij Mannuronic jdi j* Sdl j^ic. s^Gia 
-G-G- j M-M-M-M-M- -1 Ji«) ^UJ (Monomer) jajjja Jc. dji^GI 
(Block Ajtlaall l_iiSIj!1j od djd .kLuLdl ^ d.1 Jl i ja (G-G-G-G 
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i*nv>fyl .j^JjJI JLi ^ tiliS Jjjj ^ j structures) 

4j jfLft J 4_ikiLo jaS A£>\ U^ll £jujI j (JSjoJ 4_lJ2kj]l L_jLalC.VI j-0 4 

. dLajjjVI J Lil^JI <Sj^. -Uffij <Slx5j ^JaJaaiJ Aijjla ji Jj i**nW\Vl dljjS 

^ic. (Drip) 3->Vn\ ciljjjj ^ jJjoJISII ^iLol ^»j jj^l J jj*\ x> jl L£yLaJI jlx>a 

ClAjjjVI Jajljj jjjJa jc. a JJxjaII dbjSxJ (Jjoi!)Ijjj ciLl nii'i . C* n Wl^l j-c (Jj)\*\ a 
(JjjLoi! SjiLoS .iiLa c* ijWlV' j] . ^IgJI 4JjS-« t Jj.^ jj jSll ajjLuI! Aa^. j-<J! 

. $. jiS (JSjoJ dLa-j jj^lj hfi'sj V 4 jSJ j iljilaJI ASj^. -IiiSjI 

jj L A y lLall CjV^-uiSI jV tdli j tljjt^j ^ jj.iS.aII CliilaJVI ^.Wumj v 
^lijaJ! jjjll jd ijk ^Ic; 5JL^. dLajjjl lill^S jji i j u>i > i ftj^uti^ 

-llljJ <jjl£-cj C > lUril LjUj ^Lal.^VunV <jllc. 'LuliLftj tiIU& jl 6£-<a J jlUll 

A VVi^jl <l^Luil3 c ^ u uLIaII ^.ISjjVI j-o dlLflx^al jxiil j-o £_uJ J dll jajIjj 

.jOAilll lJjjLj 



COOH 




— >4 Yji-D- JLjjj^jUl) <j 2 saa, ( 1 — > 




OH 



— >4)-<2-L- (l — > 



JUAJjl >. ■ H 1 1 






.Guluronic <j^\$ Mannuronic c> 

. jA uZLA yl & Iu> j Aj| JAJJ ijJI iAA Jmi'.iiIj uu) 
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SjjxU) A! jjjWill 10.2.16 

Biosynthesis of polysaccharides 

J£ ^aJJ .(jlljljl] jAaJI (_3 j1=vj]I (10.16) 

<iaj (Jj 3 j^LjlilLoJI ?.LuiiJI i'iim (11.16 J£jill) (jjAJ (JSlj ^ic. 
C55 0 -iLa] ^iljLaas j\ tlgjLia jjlill (jl . A_Uu3l ^<n] <luiluo 

jll£U A^kl ^ I (jjlijll ^ ^a.iVu.u'll Isoprenyl phosphate 

. Lljj£u]l 4_u&.}]l oJitLal! CU^aJlj 

jLa ejl-iii jjK jjjll Ua*j (jlijl jll (jjlaall (_plA 

jijj 4 . L l,;;.^ Uridine diphosphate Glucose (UDP-Glucose) 

. o j jl UjLUi/l Cilij^.dl (jjj aj n i j^\ U A^Liall 




Xanthomonas (Glucuronic acid = o^'i^ csj^' Jsjliill : 10.16 JSA1I 

GlcA, Mannose = Man, Glucose = Glc, Guanosine Diphosphate = GDP, 
.(11.16 JlAll jlatl) Urdine Diphosphate = UDP, Pyruvate = PEP. 
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ch 3 


ch 3 


e«) 

X 

o- 


rH /C Vw /CH2N 


'rM /C \M /CH2 


V A/^ 


ch 3 x ch 


ch 2 ch 


ch 2 ch 




L. -J 


9 



.AjajjjaJI ljLjIuiI] Sjl& djUUll (jAill JSU 4 _u£jj : 11.16 JiAll 



^a o^AxiLall ciAj^5L31 a \ ^ jjaJl (j..)lV\ll CjLLc. (jj 

. ! 1 a (jLLj ^ jLk ^a (jj^)i 3 l ujj 4 _i 1 a*J ^jjjLojVLj A^jUi-c 

c“iWj 4,qi\^.j (jc. IaIaj c (j\ j\ > ^3j'Vi j)l tLolc- 

^ (Dextransucrase) <aJ ^ jl ^ lUs .4_iLl]I £ 

6 ^)aL (JaXJ ^aJ j}A j ^ ^jlnll ^)Sjoi]I 

. jlju^l (jj£J 



Production of polysaccharides SjjixIaJI cjLjLuJI ^Uj) 11.2.16 

Cli3lc.liA ^ 4jt3J ^^3* ls^ J-O^l S 

JA±il pUSI &J«1 x1ia]I dAj^)£jall] (_£ jd^JI (jjlVlfl 4 j\aC- !AJJ .Ajj^ull J (J^J^a!! 

6 jLj 3 ^-5] jl J\ . ^aJI c_k3jj ,a*j ^aLujjj 

AjV cilli j i J^xIIaII ^)SjuJI j)A ^■JjD'ia'I AiljSlI ^^lc« aA<J\ (jA Iaa 

^jIjaII ^3 (jd^JOiSjVI lJ^J j)A ^j31a JpJAA (jj^V) j)A 

<jj£j 4 -^. 3 ^ ^j' 3 ^' c 3 ^ ajj\^a !1 6 jill jli ^ 1 z> 6 j^-c* .^j 313 I 

^ic. Jal^U ^ja ^j^VaSI <al£ <jli ^JliSljj 

4-lwij Ia^aC- (JjJafij 4_1ajJ^)^JI SJ^xIIaII djLj^)S-uiil ^tijj 4 _i1aC« (jj 

AjjI-IxJI SjIaSI ^A (jji^ ^ jAx-^aS ^^3 ^jA^.jjj±il\ J (jA 4-iIlc* 

^3 j (jA AjjU^aII j£\J&\ i>3^JJ 3aJjJaJj ( ^aaII a JJ^ a]1 

^jl 3 ^aj 4_i^.^a 1I ClAi^J^M (jl Iaj .^Aill c_i»3 jj Jxj ^3Ljaj j,\x^ L-iljJaJ 

jiaJI l _ 5 ^'JJ >■ . '> oJl*!Lall CjLj£joi 1I JJl2>-al (jLljjoill (j^ajU^ai. JJjJ 

.Jaujll ^ CjljJli-4^ ‘LaAalijai*]! ^!>LabU jj£t jlill 
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JUC. .Axa SdaCLall dbjSuuJI ^Ijjl ^3 a^.a.un.all ^.IVum"' V 

^Vna'j v A_iilx. A_ii.ljjl ^Jic- Aj jE. J-a jj j£j ^Ciil t ^11*31 jdil d V A*-a 

j^will j 4-ij)j*sll AlifLll (_pa^}*3 _jdo<a ^_y> oJjl j£u* i. h.n 

S-lldall dljjSjuii] Addall Aj^>g_a-a3l dll nl^lt ji»J (jli tiillj ^Ifr Sj3)Ie. . dadoll 

^-l_jjl (jl (.jSLaJ AJLaJt o3& ^3 j e^)-aKn.n.II ^3 Sj^um Cnujl 

(jj .Aj_j&^a]l AdjuJI jmJ ^^ic. A..W.l.aIl jSuuull (j-a Allis Ajdi/s dV^-au 

jSf (Batch cultures) A*i2l ^ «jjj£ <Kda Jid V ^XJI ajJ j3U 

.Acjj-all o3& (jj£j SjliS 



( 12 . 16 ) (JSdll ^ A -\ d ^a jlljl j]l ^ VlijJ 




.otsaja gia^ 12.16 jiah 
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Single cell oils CSC05 



sJjLdl CjjJj 3.16 



Introduction 



1.3.16 



AjaLsII jjc. 4jj.>i» 5I dilijlall ^ (jljjjJI Ig'ijlilL 

1 _jA 1^3 .f-Lall (^dj 4 (Jjij'V 1 l(j\ >»6g 51) 

(Lipids) y y*>3 ^.^\i yli 1 j 1 g 5. A j jjall 

ClA (J.xum|) j_paxj]l 1 ; . ." 1 y n 4i£)lc. C'uujl CjLj£j>i5I ypo yJUs ^ i~»» 1 

4ll5£ j (Fatty acylipid) CjUjaj t (Carotenoids) jjl£5! j t (Sterols) 
^iSI CjUja^I yli t«. j^J! IA jL-aikl .Polyhydroxyalkanoates 
IaJ&I j Fatty acyl lipids —51 ajy^L^ Ua l$J yjkiiui 
CLu^I^j ^i5l j .(13.16 JSA5I j^>\) Triacylglycerol lipid (TAG) 
jjJalaJI l1i3 j 5I ^ Ca. Wundt j t CllLlLaC. yj^ia (jC- *Ljg -s <31 Cllljjl£5l 

.SjyLdl 4 j\-s 5I y_jAJ ^jjiI 1 g jlc. y\)Vi La yjj ^^A oiA .(_£jda5t g'n AU 



r 2 — c- 

II 

o 



H 2 O— o- 
-O— CH2 
HzC— O 



--C — Ri 



--C — FT 



Jib Jjju.nU^ (_j jiili j>a*J : Triacylglyceride ^Ja. Cusys 13.16 J144I 

Jjj^LuJI Lf l& ‘LuAiJI Jj^uiU till ili « 4 j 5U lA£j (J3 ja j Jlliall 

.jjasJI (jc- a a J\ 4ijLu ji <^1 1 ^^ic. iR3j R2 ‘RI yulLWI 

CiuiLu^l CuliJI ejlii. jll ‘(Fatty acids) 'UiAdl ^jaU^Sn J ^v; yj 
(jlj ‘Ljjaj CpJI IAUJI ^ cA ‘(lipids acyl) J^Vl 

. lg.qjjW.a ya y ^A .Jl ^Jc- 3 . 0 dl . '' '1 U iQjVll j^i i jiA v > ^ Jl 1 '^n . -N’ 1 

J IV’.l ) 4_ia^jLall «.Liaj£ll u_!j£ ^-3 JfL^cj 4 Jjj^s (jjAjJI yalilil 4 jj;*dl /-l yj 
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jj till i j t Li& l^-lix-alij ^lj V G_fl jjoj j (4.16 P 

(j! ^.a£>J .14.16 (J^joJI ^2 ^jJa j>a (j_^ -^H 4 Vnxall 4_i^_^oll dAjjlSll ^9 4 _i1a*-11 
a dl ^a-iC- ^A (j^A-llI A_LujLujV^ 0-laixll (jl ^lj Li& ^)Jjaij 

(jJaxJ dE}lgJjajlj LiL^JI ^a (j) .IxJ d vKj Ldl j .JaLoOJ A-i-alill L£)LiJI TAG 11 

^}laj|^ I^IjiLo (j^j^l! ^^kiJ 1 dm j_J4j 1I eilc- tJajai^ll 4 _a^_a 1I d-Aj-lx-all 

Sjj 9 <jl C a I'nj SJ^Loll 4 jAll <jjAJ djljj^kj £_.) A y <jli 4_iic- j (15.16 JLslI 

(j-a S^aAj dc-^ilo (A-jj)j*\ll A (jjj£lil^ Aj^j^jjJall djljAi-oll Jaaiill ^ull ^j-a 

djlc-J dAj-lx-all (cJ^VI ^5^) d^.1 1. 1 u>i'n d n*s J J j.Wxtll _^dll 

•TAG jAi u^ tA (u^jj^ 1 




4jj$a all uLulSJI j_ji iJjjjjJI |jj^£ji AjjjaJI frlj-ajSJI ^uajj lalaa a : 14.16 J^u^l 

(3) ‘Citrate synthase = (2) ‘Pyruvate dehydrogenase (1) niUjj&l 
•AiaUm Amp ^Haj - NADH Isocitrate dehydrogenase = (4) ‘Aconitase 
jlajl) » aIL l&Jjc- (5) jXjjjSfl Aliuiljj AMP £y» C>^!\ ‘^C'jaya £jj ^ 
(8) ‘Acetyle - COA = (7) ATP AMP deaminase = (6) = (5) .(15.16 JiiS 
•Malic Enzyme = (10) ‘Malate Dehydrogenase = (9) ‘Fatty acid synthase 
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cJ (Oleaginous) <**' jj 4jI»c =15.16 JS44I 

AjS (JjSj lauiji) ((_ilaJa]| ji jlaill j\ 3 jiaaJI) (jjlSJI lift ^ jjj ,A*aj]l 

^a LiLiil jaIuu I.1A (jiijjjjjJI Jlftjlml ^jj Lsdjfrj . (NH 3 ) (ji jj £ jj 

cA tj* tji JIJj 'll cXWJ^' ^ 

.(triacylglycerol)ojjj^' ^jaoll ^1] yiA-ill 



AjjAall (j^aLa^VI Ajaujjj i—uSjj : 1 . 1 6 JjiaJI 


1 ijHI 


^.ki u<al 11 ^uiVI 






16.0 


Hexadecanoic 

acid 


CH 3 (CH 2 ) 14 COOH 


Palmitic acid 


18.3 (n-6) 


All cis -6, 9 
12-Octatrienoic 
acid 


CH 3 (CH 2 ) 4 (CH=CH 2 ) 3 
(CH 2 ) 2 CooH 


Y -Linolenic 
acid 


20.4 (n-6) 


14- 

Eicosatetraenoic 

acid 


ch 3 (CH 2 ) 4 
(CH=CH.CH 2 ) 4 
(CH 2 ) 2 COOH 


Arachidonic 

acid 


22.6 (n-3) 


All cis -4, 7, 10, 
13, 16, 19- 
docosahexaenoic 
acid 


CH 3 CH 2 (CH=CH.CH2)6 

CooH 


DHA 



(JxALoi Ig.'l-aJ-a (jxj ^ 4 qV~'A „ i_u£Ijj Clllj <4 jAJ jjJaLo^J ljj!iSj]l ^cJJJ 

£• jj t> j^,\ J j (Cyclopropane rings) <jU jjj j&jL- Cilik. cSx-jiia 
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4.4)4^ 4 In » J 4Sl^all 4_n&.}]l (jlj tLdc. .tHUlS 

t4_ij|.liJI 4_iaaVI dlli 4_nA^ll ^aL<^.VI (J£ ^jJaJ j 64j2I^)3I CjUI jd^JI j ClAjliill j al 
(j-o 4_^. LS^" *djjdLai]l 4 a j‘4't > ti 4_iiAJ (J£juj ^^ic- (j_J^ 

4iLoiAj SjIc- \W 1 g >.^i9 \ ^jc. a* j\ (16.16 cJ^joJI cis 

jLolj] .methyl Carbon 4 In * J ^ 41^-^aLo oj^ 4^j^3* ® cJ^j 
-CH = CH - CH 2 J\ < [(Methylene interrupted) oJAdL? 

.(AiAU 1.16 JjJaJI jAI) - CH = CH- 

jiSljJ (jl Ul 4<dA.dl (jjAj dlbjUll ^ (jl jjx ^G-jll ^^ic- 

TAG V Loj^c. Auld CjUjI£JI .Ale. (jA TAG j>o Au jia< diLA 
J Polyhyroxyalkanoates jrAI dAjjl£ll oA wi Idlj - jjjd 4 jA 

(JjjuiV! (j_jAJ j)-a ^aiaadl 4_nlljtJI (jlfl AlLui ^)£. j La£ , 0 .}.}*ILa]l djljjSuAII 

TAG \J .(Phospholipids - PL) SjAA (jjAj JfLi ^ jjjii l$A 

dAiA jAIjj ^^ill djlAlAli .£- jill i. qb-sj <jji Si yill a A A diAlAI 

l^jlj i_l^ajj (idslaJI Igjjj j>° ((jjj/ijjj %20 (_j-o jAI) TAG (j-o Aai j >> i^>^ 
t-L-ajj (jj^. t(01eaginous microorganisms) AnAJ iije^ dAdA 
4^_dal jll ^y> .4_iiA.l JJC. Igjlj TAG (j-o Amjm^. ^ dllxA ^AIjj V ^^ill dlldl^ll 

IA ^_yd>_^a (jj)An« ^gA “CnA^I £) _jjVI (j! 

-lis. (JSAj A jg -s a \) dlljjl£ll A_gA A AjjJ^_jaA 1I (_yuA/l (jl 

17.16 (JSajJI .(4.16 4llAj 14.16 JAill ^Ajl) 

.<jad_yAJ 4_nAJl 

I g “l .'.'i^Clq Cun ^Jill jjAjil jjl ^ i» a) 4 £ J~. ''i 1 I IjjAa., ^ ■ ,n ( |jj IA jl 

AAo AAA dil j AgAj (_>bUa.i ^Ac. (_5 yidi ^1 Triacylglycerols ^-a 

<laxul_jj (_j^>» ill I g . .n> i (jft A jj^A (jjll J CiS (JAu ^A “C^. jjjx Jj-^al jLl 

.(Methylene carbon) <jjjj^ yAA aji 
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jj : 16.16 

.cisj trans 

(jiaL 4 _u£jj "Jiaj" La. jJ JaS) 
49* J fji\ i'LuAJil 

o^-a^Sn .cisj trans >ajji 

tjX AjajJjjjJI 2ilil ^ “UjAjJI 

*cs ja. ^ J«!!Lui ^£tiaj R2 j R1 -cis LjjjSj 4aj J s ’ 

jiVl LaIu ,wfl jtall Lf ]c. (CH3) J/i,i«tt L&j)<vs a t^la^ui j ill Aalj 1 (jiaaJI 

. (COOH) JiouSjJjlil! i_yOM^. 4C j.ts a liilioj 



Ri R? 


Ri H 


\ / 


\ / 


o 

II 

o 


C=C 


/ \ 


/ \ 


H H 


H R 2 


Ajajlj £j 4)2I Cis 


Ltuij £jj>Jl trims 




—I 9j>ufl <jA si* tjjjj : 17.16 <j£44l 

curvatum .Apiotrichum ^L ISjLu. ijjjjuJ! iCryptococcus curvatus 

.LjJLoiVl AJj£!I £y» l 70 J*flj Cuj ij| jJaSj L£laJI Lxj 



Nomenclature of fatty acids AajAJill <jiU*Sn Ajauu 2.3.16 

^-%1-ax.a ^-3 J Lljl£-aV j 4 4_iiA 21 ^ ^ V ' 4 _iaj^jj jAii ^3 

^j.Laj C.1. 4 ... N 1 b . 4_jj121I aAjJo&j La ^ic- IjLajC-l LiNiiil ^LaxaLfl ^ClNLaJI 

(Trivial <*41211 (2) (Systematic name) 0 .i,n^"4l <^Y1 (1) :uj^ u' 

J jiaJ! j^ajj .(Numerical designation) >21 (3) j name) 

4jjj) £y* ^C.__}ll ^Ifr J .ajllli-all 4_n&2l <_)JaLa^.VI 4 at'iS. 21 e.LoAaL/1 (1.16) 

^_Ic- <ji»U->2l JJC- <j .al -S -'~Li \ 4iL j Llljla ajlc. <jj£j Igjl Uj t4 jai*ii^*i'l e.LoajL/1 



644 




(jli (JjAxJI ^ic. .IgJLoxIiuil aJJ Lo tilli] 4.,?k.ju j Ajjljxn^ 



cilli £-a c^iA-ill ^jd-a^ll (J S^dLl-a dlLa ^i*-a V ddLlall 

adli (_£d*JI i- 'lUk-ajliil .duilxll j di*Ltll jjI j-lll j»_uilj “V ^Adid dill jV 
^jLuuSII a_u£jjll ^jda jjdi 4 '51 J 4 I Jj-dido (jj£j dnik da. jAj«a 

(Colon) da da II t_)j3 ^3^)11 jdaj (1.16 (JjAaJt jlajl) C$^A*JI i—kjj^jSlI . ( _ s dA dll 

Axj £A|^]I ^a3^)ll Tj|T J 0^ ^ 5 *^ t^JjaulVl dLalLail dj^S-oll (j^J^)S]l djl^)A AAC- ^11 
n-3 dllaja^ajlill . ^jAAaII II I £ jlr. ^ill d^. jAjkill jj^al j$\ AAc. dodall 

(18.16 JSdll ^)lajl) ^gdA dll II lg-llt J JJU (^11 dLullkullj £_£jlill .-kljt.'.l n-9 J 



j) ^ II ^AAaII ^j>i^^.ll c_a^)la ^ja 4 ^ ^, . ■■ ^ - j d^jA^j-a b y^\ ^a.1 ^Jl ^)daj ^ 

U .V 1 -all .' djw-a ^A da. jjAj-all j ■ d jV I ^.j.a'V ^jl Laj^ .(^JjlLail 4 r - -a ^-ic. 

Sjj-aVl 



2 -al j-a ^tidkul (jSjiJjal dljlgAll da.jAj.all 



£3 jm Aidj ^kjj I ^11 -va t(slilc.i jlV'l) 



.<_£_ya.Vl di.jjj-all 



j^al jV I ^-.;-a > 



16:0 

^ A9 A12 


A15 










| A6 


| A6 


| A6 


18:2(A6.9) 


18:3(A6.9.12) 


18:4(A6.9.12.15) 




| >jjj\ 


| AXbjMul >j jj\ 


20:2(A8.1 1) 


20:3(A8. 11.14) 


20:4(A8,11.14.17) 


| A5 


J A5 


| A5 


20:3(A5.8.11) 


20:4(A5.8.11,14) 


20:5(A5.8. 11,14.17) 


n-9 A L«*U«< 


n-6 AImaImi 


| elongase 
22:5(A7. 10.13.16,19) 
|A4 

22:6(A4, 7.10,13.16.19) 
n-3 



(Dc-nOVO JjAaJI jalalSI Axj daaAA)! (jiLoaVI CiSLj Hull dLk dSai : 18.16 JdaJl 
Jjjla dikdl (jiLaa.Sll iluAw Jjla sjLj Elongases dLajji J^su synthesis) 
dkj| j JaJj tfall jldall iDeSaturaSeS (ajjaVI (fkid)! Jjdtal) C2 SAajdSldal 

A9 I ji*j : ,d^Lj dll Js. Jajj ^ji\ C Sjj Ul Jaxl V . dH jjd-a C Cjh da.jJ> 
.Jjda JJC. iaj| J LJ^' J* CIO S jj ^Jl C9 S jj (ja dal jJI £j| 
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Functional roles of cell lipid 3.3.16 



u' 4 (j. «1^1 j ((JjjolVI U^) (jjAJ A_lillc* 

ajLJ ^ jAj t(13.16 ‘(TAG) Triacylglycerol cJ^i> 

JSjJu ^1c« cIl?^ jl 4(1*^ j ^j-q AjV 

A-LujLojI Ajjljj Cjlj£^A (^)C* ^^lill 4(19.16 J<^.11 ^ 4 (PL) S^LuiLa 

.(Lipid bilayer — a^* jjj-dl a^ia-^I a!iL]I A*iL-a) ajjj^JI A.uldVI JS ^ 

jjja AiL^laS) !^)jj l_ixLj cLi^Laia TAG II (jj 

j\ (Aj^^aI! ^jjLJ]l ^3 J^}JI AjU-J a jl ((J ^3 ^J^aklilt 

. A-jjj^dl e.LjaC*VI Ajj).AAi.^k SjLa£ 




iQajjum (.QXA^jllh I H 1 JJ &4 (ji X AjjSjj : 19*16 

f ^jaJI H Als j^I Ac-j^a-4 ]) oj^ l-4-i^ .jcJl c 4 

. (.jcJI c (jj-aV jjIIj) JjJjjILui 3 *i) X Jjjjjlixofl Aj^uu i <iL jjjlLuiiil 
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o*Aj Cuj] Fatty acyl — !l 4_u £ jj 2.16 JjiaJ) 


Vjlts ‘AO 


uAJ) JjV 




(ciuj) JjLoi 


((jA iL^i 


AijiAl o^)l A_^.^p ^a A-i^ll 


^a jKll A_iiA.i]l ^yal_A^.yi ajciiula]! a_iaa -iA\ ^yaL<^.y! 


3 


25 


16:0 


1 


13 


18:0 


^AjKll A_iiA.}]| i _yaL«^.yi ^JjoU^UI AjjL^.1 A_iiA.}]| (_yaLa^.VI 


- 


3 


16:1 


64 


43 


18:1 


1 


- 


22:1 


(AjKB A_iiA.l]| ^jiaLA^yi £_iuli]l o^J^C. AjjA^ll (_yaLa^.VI 


22 


11 


18:2 


8 


<0.5 


18:3 n-2 


A_*_^a^Lk 


4 


38 


AjujolaII A_iiA.l]l (jiaLa^^U A. iKll % 


30 


11 


^jjc. A_iiA^ll gpaLa^^U A.jKll °/o 
6^Ax!1a1I A^_uidl 


3 


27 


aLAJI Clil j AjiA^ll gj>il <0*011 A_il£ll % 

o VAa ^sll 



(. t \* Vi A jl^ll A-iJt'ic. 1 ^a o^axua^l (jla t^lli ^j-o (Jjj£j*JI ^ic-j 

(jjj (jjSi (j! ^j-o V-li3 .l^uJajjj A_iiiJI dlilUa ^Ac- Aali^AI ^3 LiuUJ^) 

Cj j-^A ^ x *m^3l ^a j-dl A_jjj^H A-iJiih-Vi jli tAalidoll ajjUJ! dl^i^^AI 

A Ai n^a Lai dLaj^jVI (j-a *^*^*AI (jli — AjjujLjjI d^lc-lij 

a\ \ \W ^Ac- L^JaLaij ^a (^iiLa dl_jj^)j£VI ci^j (Jjoi^Lo) aA Aiaal^-a jl c-LuoiAL 

.AjjjjLLo]! A^LuoxAI 



gi t^adj (Membrane fluidity) *Liil! Jiaj 

^A g-LaJtAl aAjJjoj Ajjj ^j)Vn ^ ^ AAi,,n^)]l J^UJI J . s-LiiAl AJial^a]! d iLaJ^jVI aJUs 
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UK°i /aA&\ a-ua^I Assail ^ cSjLuiLJI ^ Fatty acyl II a* n3a 

— £\S\W ^3^) cJ^I J^VI ^JjoiLoi ^^3 j-dl A^j-l^-dl IjVI tlul£ 

(_paA=JI IA$J (Melting point) jI^j^jVI <iaaj Cull t(Destaturation 
(PL jt TAG (jlS f.ljxu) (3*^ lS^ .j' g <L»aj ^1 a j i. u . il L jlaJI ii£ij .^glc.1 

(jjj i s!Aj2.V1 { _ s & o^)&liail oA& 4 L~-wLa ^SLaJj . ^gjA.21 Ail] 

^Ljl) — (V_jj^ll *“4^3 J-A) Liiljjll Cjjj jll j (j^V lA - ^ Ja) 

(_£-!& (<3^x11 ojl^a. 4.S.J.} A A .oil) ^J_jA -ill ^gjpVi .(2.16 (Jj-laJI 

j^aljt -3a. jj V) LL)_jla]l (Jjai^LoJI Clllj 4jt_ijLa]l AjjA^ll (jJaLa^-VI (jx t^ c ' 

•(13.16 (JSuai ^>Ljl) Jjj“'3>ll ^ya (_£^ja3 3j-a*J 4 Lm jLi' j (L^jjJys 

^gic. (Ai^jill ojlji. 4^^p LALaJI) Cjjj_^]I J\~\"\ tdllj (j-o ^gifrj 

J_jia (J j^a j Aic-j (4.r.iiw jjc- 4_n&J (^^aLasJ) jj^al j^U ^.Ijj 

j^aljl o^C. Sjlfr dlLiA (j jG ‘ 11 4 (j_WJ^ 30 j' 1 8 ^1] ^5^ ^1 (J^va^ll aLoiLoj 

(Poly- 6 -iax!1a!I AjujouJI ^jjc- A_nA«ill ^j^aLo^^l ^ujIj <*— 

. l$Jc. ^3?JI ^ Unsaturated Fatty Acids, PUFA) 

(j 1^ cAjjo^VI 66^)3juia-dl (j^A«ll! JlLoj S^AUall 6.3A <jl LaJ 

aIjJjoj ^3 ^)Jj£ ^^Lixll J^qi^dl ^jA.lll Ajj^dl AjliA-llI (j^aLo^-VI AxiJa 

(j-akil ^ nVn*n Aj^)g CjIjjIS 6.1c* J A3 j^)x-d! ‘AH £y*j . (JxaJlj tg-Laixll 

l^luSc.1 AxdjauJI ^)JC. 4_iiA^ll ^jJaLa^VI (_£jJjui-g j-adl A^^-l 

L^^ll ^ ^ Uuoic-ll aI^Jjoj ^3 ^jU^akill dAjjl^ll 6.3A Wi 3-^x1! l-l^Jj . Aj j>\ A II 
.^JjJjjj 3^^ Ajjic-I lD^ Cy* 6 ®jl^>^ll (j^aj ^ic* c^l.Kjni 

^A AjUA^ll ^aL<i^VI t^Liillj ^j3^l (3) 

(20 ! 4n — 6, ARA) 3 . a, ; ) A ll ^ Sjjj-dl Cj11i3^I £ >° diWj-a 

jld r Ua (20:5n-3, EPA) Eicosapentaenoic Arachidonic 

j Eicosanoids cAj£j* ^a j) aJ^JI Ajjkll 6 jj>JI CjIj£jJI j-a 
l^ja ajSI^' j^d' (Leukotrienes j Prostaglandins 
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(JiLa AjjAII CjLiLaxJI (ja JAc. ~ j L "' ^3 aAA liljlLajj . jAuVI 

LaA EPA j ARA (jl .AjEuLij ‘—kaUajj jiijjj cAajlgalL/l cAA Vn Al 
(18.16 tJ8 ‘‘>>11 ) 11 - 3 J N - 6 A_li& .ill (jA -a%V I Ai. ja'N al ALlLall e- LdaC. V I 

(ja |jCj] L 4djLajjjLM (_>aSj A 3*i > >il _jJ (jA‘< 1 ag 'la Aq'n'iiall ojjuija]l d '1 Lj^JI (jlj 



AlAill jail c5 ic. (j^aliij EPAj ARA (jli - 1 , <A . i — i^LA-VI ILa 
( jaSJ alajj La lallc. EPAj ARA. (ja A A all ojdjall dlLLj^all (jl LaJj . ^aJ^jX/l 

1 ajjAJI Aiuiill jli 4 (Antagonistic) <-jj 1 .A a Jldj jfilj cAjjAJI Aala*JI 

CjLIjjSn dAjlVnJ (_pa*j ^i jjjS jilt li jjS (jl lA*j EPA/ARA 



.(Homeostatic responses) 




AdaJl Cuj jliW A a lad aall Aalaxl A iliik J^ljall jaiajj tataa a : 20. 1 6 JSaall 

4 iijaaAi (> aIuLu, jjc. jUaAl <^l jjlsii £jjjj .(single cell oil) SaA^I 
Ajll JjLuu (da AjJl^jJI Alija]| (_ji Ja£3 AAja j£ ^i X 1 0 jH! ulaa£ .1 <A"., ,.K 

AJV tSlli ‘(15.16 (JSaall jlajl) jjSjiaJI ja Aallfr jjSI jjj NH 3 ja (jaaiiaa jj £ jj ^a 

.Lili AilaS (_j^3l f.UafrV jjAaSI dljaia ^i a. a]| jjld! ^ jj .Alijall aAA 

‘ ‘^Lj^l jaSa ja luaaa jl Jxj LplaJI il ala ajj • jjAJ dlajlaua t ^a2l (jaLj 

.djjll AJIjV jjAgll ja (_uaiadaa I jaalj 
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S^Laj ARA JJ.2I A tjlgj 4351x11 Allj JA»V' t> 

(22: Docosahexaenoic A 4 -®- 1 ® A j 'a <1®®U> AjUs a a- i PUFA 
(jji* (jl a® ajII -aV-^VIj a»-A)I a t6n -3, DHA) 
La^jl Ul t A j ■. A^-21 A^l-'^VI A* 4 Uyl AiiA^ll A 3 t-' 42 *VI A® AA 

^_s e a^hA 1 ®!! cA U'A*-® PUFA ^l^l a^ ^ » j il->ll uV15aj 

A' >^i-a~sll A'^ "A^Ad -AA^ lA *— J tj-Lajll 1 g ‘l a . >i A^J tAiU^axll 4 m 'V ' 

— jjiila'yi t.. 11 A a?5jj 1 i>i| a]j ‘AVa^I 4c.loa^)ll i . nU (A 

IgjAli Alii A (ARA j DHA a® Ja. JAA Ale) - Infant formula 

^glj jOalAt Al3 jit A' iJ*i<a's\l A^A * at > sijj 1 A . a AH j j A It ^)J A^ 4jl-ae 

.21*11 (jAlla t. aVi-s^ ^ tl.lL 60 A-® J-^l (A (Jt-^VI t. nU 

i jjiAt A.jl'vtt AijjJ ^jLumj A®"®A-® 4.3.16 
Advantages and disadvantages of SCOs 

A 1 ^ 4Aa. 21 A® ^2 J a a 2 AjjiAt aILAII ^tlil a] 

aIHAII A-® SjjA A 't ; A; cl LjA^t A5/jA-a 3 j*jj tAA®®*^^ AA^ A^A -A 4 

UjAi ^ 3 1 ® 1 - J jt a' ‘t-Le .12-21 a Ujliiil < 421*11 t_j^p2l f • cs^l Ajo-®" 
Oil of — Aj^-^ A Li^t ^tijj) 1985 (»tc. Alo oDaLJI 4jl-sit Ajjj ^tAY 
ULo ^_uAj <2 a^Ij ( Mucor circinelloides) jl»sll ^Iaa-L Javanicus 
i. in 21 a] -Ao^' j a 2 _$ll aa^ A' A A H) fjjLaj <aAj AjjAII si* ^12 

j-t >.-i2t A ^1 j^)*2l A ^jjll a® A'^ ><n,a " AjjjL® A^jjll (jjiStjj i_j2ial i >1 
t _gAl .l^a.ljjl 4JJXU3J <21*11 t g'tqK A^5 (tilLaxuVI/i— lljt J AiIjLu]I^ A-j. 

Ajj^Jt aIjSII a® 1 " a jit^ Alxa£ jj A] 'AA-2^ ^ 3^^ *— 1 j^j 

2 jI ~s (A ojLaiVt a i_Ji.lj aA*^ a ljA a^ 4 

At * a j^jxaII Ali 41 al^2t A j ^ A*® 31)70 a o a A ~^t -^a^j a-A At VI 

^glfr i. at -s tt Igjjj (A® %50 ^1 ^tA A^^A®^^ Ajg > Ail nt5\l ^»h» o 
200 a® 1 a^a aj U' * * | ~ 1 V La^ac. AjIa®a2I aP Ut-i ^^11 “Uiloat .a^^ (J^a 



650 



(1000 kg) (jl a A y nilLj .Ac-jAall jxs jil (J5L1 AiLaJI aJjSII j-a ^t. 

(j£j ^1 tAjIAII ^ .A&jj-all j-a jjl 10000 j-a P'l-ajj ^tiad dll jll j-a 

.33 j o^jSjia dbjjjldl jl j-a ^3 £_juj jilt j^ ^ IjlA a I jaLJ AjjU-).all 4 n?lll 
dlnnJI dac. diLiiuujVI dac. jij La oj!iall Jjld dil jvjtH o3A JlLa djjjlaj 
^gJj^Lxa (Jj.ll) oJS^jLall A jiAll jjjjjj ^Li iV % II j-a f. ^y^£> tjjjjadl jjall (j<a 
jl dlljjjj£ jjdl^JI l _ s lc. A_iali]| jjLaiJI J LljiSLlI jx A qliA ,a 1 jil ^IaA'hliIj (^aJJ 
AjjLLall (^lj ji.LiI ^AA"u»iI 33 "i Jjdj A jlA 11 dl_jjj ^j/JI jl -lajALl . (J ^il'n-all 
jl Aijg >-a" dlldjlHI (JiLa dllaK (J.'iA'uhI i_iidilj 'i3^)iLa]l A jAll jjj j^>ii 
aljdi Ij-lljl li] (_JjaLlll jlAjI { ^2 (J^jlLa JJE. Igl j > n t C jL 

j' U^JJJ 

dlbjlojaJj Aallfr dlliLifll Apa jj^a. jl_A <=■ L-oj) Aaiai ^2 ^Aajl 

j£j AjjI ~sM 1 Abajdl ^11 aJjiLail A JaII dl_jjj (Jh-ajl AjLoC. jli t A a A ..A 

pfcij /jl ^ 4 •>. \W ^ . 1^1 1 ^ j\ i % ) 1 A oK ^ i 4 j Vq*a i ** \ \\ ^ VqQ . A > n 

dill jj£j ^£1 Ulc. I i (jl a_l^-ij I qK.a ((Jl j V j) o3^)ia]l A] I A II dl jj j 

-di lS.J^ 



ajjdall ^I.IVuhI l _ s lc- ojjlall A-]jg-s.all dlLulSJI ^l.lAlml djVjLa-a (jl 

Aal£ (Jl jikl (jdajil (AalLkxs Ajj g-N^ uJLaJa) (PllOtOtrOphic) Aillall 

a^jJa ) AiOJIj (C0 2 ) UJAJ^I jjl . .~i -a (jl (_jjiLoil (_ 5 lc- AjlAll dj Jjj 

(Ac-jJ^all LjLiJ AjJaiid-all AiLi£ll ( _ 11ml . I g -si -N ' diiij ^aJ tULs^a 0^)3 j!La ((jai-adi]l 

Jaaa jll j^kaa <Jtc- AjtSI jll LLLLSI) (Auto shading) ^jILII JJLddill A-s/r^ 
0 2 “dljV) C^jddl (J^ldillj ((^jaiAxill a-jjdil (J-al£ (jdi^jaij (J‘^~»**>’' Jaa3 

(3d -0 L>a AhU ^1 ■s %l (^1 Aa.l^Jlj ((^j^jdall (_g lA'ill f.ljjl (jj£lLall 

Aal£ jj^j jl (j-ll djal (A£.jAa]l LLLi. AiLiS (_ i , u ‘ | .) A^jjAll (Broth) 

CiUjISJI A 1-1 > til JJ jj^AMI AaK (jaa jjSI (_p Jjdall (jjlAlll ( _ s lc. odaJ3t_a]l ^Uj'JI 

. ( ( n ulda ^A-l _j.^>«-i<a jl jj£j|AII ^,W“nn;) Aj^ilill Aj^daC- Aj^)g •% -all 
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jdu jl <_±au (jjjuUI i. i.ViVi jl 'iJ^)La]l A iAII djj jl jS^aj ^£ 3 j 
( ilLauA I j dljl jij'sll jl d\ulu]l j»a Aui jVi . a .all ) (j I d jj j]l j^*i' ^ A ! 

teljLa]l A lAII d jj j j-a Cluj (Jjl Jl A..u,.ullu . Jal i—kUlSilu IgJjjJ jSLaJ Jill 
(j d - aa . SlLaJ oliau jdu dll£ Aljjuxi jli [(JaVailiCUS Oil) o jL*. Cluj)] 

ciuj J AJIii si-a ^ GLA ,( 18 : 3 n - 6 , GLA) y - Linolenic J 2 julll 
JUlUj) aJI& vj a _1 ^Ul (Evening primrose oil) ajjIuuJI ^ujll Sja j 

ojjl (Jj 3 La (jdljC .1 1 g j^a) (_>dl j<aVI j^a ICaJ ^ la C' ( ja .,.,.,11 Jlc. 

%8 Jc- jjliaj A_ul_uia]l £Uj]l SjAj du j (jl jya. J j .(Lajj£Ylj i-mHI 

Jj-Jl) GLA % 20-18 Jc- jjliaj SjjLa]l AuiaJI Cluj jli tJaia GLA 
Ul iLljldi djjjll sCA jjJai] AuilS dulS ojjl siA jl jpa J. Jl Jc- J .( 3.16 

jjldill ^lu)/l 1 . Cau La J ojufi A K Ui.a C'lg ^ -s AuLaaJI oilA jljdiuil jl 

siUj jil j j ^aJ I jLu Jjiu ja (jill (Borage oil) jjUI jLU dujl 
(Jj. A *s. -all j^ (jjojl ^)jii]l jLU dlu jl £-aj .oljLall AjAII Cluj j^ GLA 

to jla. Cluj] LJ Lvalue j_j£L jl jAal j J]l jLuil Cluj jl Ul tAulULall Auc-I j j]l 

Cluj J-Ull jx Jaia dll jjjoi Clbu Cau 1990 ^Ic- l— kaji jji.VI ^luj jl A_a.jl Jl 



. j Jli jLJ 



jl jfLaJ V oJjLall AjAII djjj jl _jA j I a£ a Llid jllLall lilA ^dajJ 

_jl AjlLull jUUuuali j-a Ailidall djjjll I jCllua 1 J r . ,n 1 c t IdLualal l ^juaLlu 

(JjuoI j^ (jualua ^lluV o^)dVI ojuill (_gi dV jLa-a uja J 3 j .AdljiiUI 

‘(Cacoa butter equivalent) jlSlill -uj] Aulda J/ j jl£l£]l cjjl ^ j^lua 
Cl.AI Lg_jl U] 1 1 . >1 -N. r.^il I ojdj-a dl Jlk'l dV jA^ill oCA lAjl^ial j-a (aC-jll L ^ c -J 

alilil j Aj]jVI olLallu AjCaliSlj dUajilall jLaaujail jd .AiuLaUI A bVllI 

AjuUil_jSw (^3 i-Ujlaj Cluj A_a£ljaaj (juikj is k. ojlla jjLaiJI (Ja^ j^-ol tdVbUUI 



1 2 Aaj^ia lau (id]j j-a j»C-j]I .jl^l^ll Cjj I. _ IJ jjl jpa 

j jA ^ jllall l]lA jla ( A aK ) jlij I Aj.1 1 . .n jpa Adi lull d jLdiUI ^1 ddul 

.UlLdlal ,1-s <i jjc. |_JI ju 
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.tlillLiJI SjUa-4 tljjjl Ajlfciil ^jiLaA^I tliUj£a 3.16 JjAaJl 



SJjIaH AjiiJI ( j^sj lilLu^Sfl J 



^*0 

,‘T .. .,') ' ,< 


2 ,J ..1 


ai~^ AO ScImoctryVMjm 

jjja 


Crypthccodmutn 


Morticrclla 


circmeiloide* 


Soahoromyco 

ewwjioe 






tliUi 


iliUi 


CiLi jjj ^ * i iUli 


*.4i4a 


tibjla# 


objhi 


_ ^ 


J“»£* 




13 


12 


6 


10 


29 


20 


14 


22 


15 


160 


6 








12 


1 




1 


42 


16:1 


2 


3 


2 


4 


1 


1 


5 


6 


5 


180 


27 


23 


8 


16 


2 


14 


4 


40 


35 


18:1 


10 


56 


75 


40 


3 


- 


4 


II 


- 


18:2 


3 


6 


Tr 


Tr 


- 


- 


- 


- 


- 


l8:3n-3 


~ 


- 


8 


22 


— 


- 


3 


18 


“ 


l8:3n-6 


1 


- 


~ 


- 


“ 


- 


55 


- 


- 


204n-6 


10 


~ 


~ 


- 


~ 


- 


- 


- 


- 


205n-3 




- 


- 


- 


12 


- 


~ 


- 


- 


225n-6 


5 




— 




25 


30 








22;6n-3 



S JjL»2l AjliJI tlijjJ f- ij jLuaaj 4.16 JjiaJl 



jLuaaSI 


,«t-V nil 


AiKlI JUt 


^_^3La^.V 1 (j-o .UalJ L_li£^)J 


©J j.W-a ^uj| 


A\\\\W jl A_ial^)x^JI (J-ol j*JLj V 




J)j^ y\W J A_ic,^]| ^jl Aksi 







A )A\I tlljjj Aj^jILuall jl-aVlII 4jVq'il AjllaJI AqKII ^ya ^»E.^)]| 

(j£-aJ t-liSilllLlj .Aj^jlau 4 FA t"i*\ nA .23 j i^u Ai ^jl til jj_)3l flJjLall 

Ajlllaojl jjl tax'll till j til ^jjll ^3 2y*.yx, jA Lo-o (_}laSl A ) i» a lj| ys U' 

.(4.16 t.g.J'AMI I g I . A A -sjV i lilljj 



li& (_j> 6a » 11 j 4.2.2*11 aLIAj A£._ylla £-1 _jjl ^^Ic. ^^-IJgA A jsJUl J \-\ 1 
lALiJII ^g3 0.2^a.^a]l 4_uAlll (_p3LaitVI iy* (_g2Lall ^^Ic. 

A*Ala jjc. AaiA.2 (jlaLaA ^^ic. AiiLull tlljj_)]l (_£jlaj V (jja. tA jiij^JI 
Ag^a JJJ24. i Sj^)*AI ;^a3 4 18 ^^Ic. -2jjj Ajj _jjj£a (J^AAa till i a J \*'.\a 

iillj£ .(3.16 JjM) (22: 6n-3) DHA <j* aJI& nAji^a ^ & ^jiai 

tlla. Ail_jia PUFA ALuilui ^^Ic. tllLajA/l j tllLil j)j*t\l tlijj^ (j2a*j (_g j’A’i 
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%10 (Jal SaIc«^ AjJaiddi A_iiAA]l ^aLa^YI tdjVl^JI &AA ^^3 

<. ^ . ,via<a ^-lA A Jad Jdl j u_p. jiiijj i <^A^' (j^Ua.vi <> i 

^jjjl£jtj! ^A Adi ^ ladl dj^j^ll Ajo£^j]| AJj^Ja]! PUFA A_LJjuj (jl ^Jj S^LujVI 

. ^-aJI ^jjl^Jl aI^aJ^j ^g 3 ) AM (JjjM J (_£ jAid'l ^aAAdV 



<. ^ in*n <.M1A A_alla-G Ldl j 4 JVqa S.vi» ^ (j^£j V Adi jj^Ml di ^j^ll U^ lAg_jj 

S^jAA Jdia QjSkx') l^jl^ (Jj-aVI A_Lojj^)a. dl ^ .A-idli-oIl j ^11 

(_£A duj ^ld] Jj (_£AjJj .AdAAll (jdLa^Vl J^iAl (^ic. AjjJ^. ( jjlill 

^^AAAll (jAa-aaJlj lAa. Idc- ^j^fLi (jl t^^AAAll (jd-aaJI (j-a lijun iad 

.(3.16 cJ jAaJI) AJjg xu) A_a.ld] SaIcJ ^a3I l_j 



^ AjjdaJI A_5 j£]| c-ld] t&A^)L<dl AiA'I CAjj^I AjjdaJI Ailiill ££Ali-a (jj 

Jdia ^glc- c£ J-A** tig jW ^)3a)jui^ L_flj^)Ja d 1 Vi (J^lda (jl^d 

^ jVlMl A_ic.^j ^c, S^laJjMI Adl£-<a] Idaj ^Axjj ^(AjaI^I <c.jj-a AjUjI^SI 

A_ndxJI j AjjdaJI CjIaua]! (Jj-q A. dull dAj jLJLj Cj jlill A_Jlda.l Ax fuJ j 

Ula dnu^ £jdal ^A ^LidVl &AA dj^lill AajUII ^aj^juill 

dJjtdl!) AjAiliill ^jAl x*aMI (j-a A_lj^jt-a]l dljj^ll A_iC.^j J (dlg^ll ^js^x ) (_^a! 

• ( AA iIjI j-iaJl ^jAaauj 

^Jjaj] ^jl aj>/i (j^Ml (j-o ^j^^JjaiS cJaia ^» 1 jV ^ajAj ^lAdJI 6jfiB <jl LaJ 
jl lilia. ciul£ ^.I^joi A_idLiAll ^jj .(AUaS ^■jIIaII a_ia£ 1-^jj Jaaa Ajc«^ill 

jAl jjUJ! (J^IaJjojVI (Jd J) Ail-AaVlj tljljAaja 

AjlaJl di jjj UJ^ .6 A_i^.lljj AAgj V (ci3L^jai!)U A-b^a.11 

J)\ oAIj^ Cy* Jl^ jJjgbQ tlASjljabC 6A^)Lftll 

.^^jalll (AjLAIalLC C t U>^ J A^^JjalJ O^AgAll 



Current SCO production Sa jLJ) AuliJl djjJ ^UJI jrU 3 VI 5 . 3.16 

A-jAjVq’ill CAjJ^ll (J^l^J (jl toilc.1 ^)Sa La£ j C6 A^)L<iS1 AjA'1 

LiSlc- I^joj ^ v>!i oAjlill ‘ilijj t A_lq jj^aJI Cj jijA oAjla diljjj (jS-cl I a] Jaia 
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■LajjjoJI oA (JA jjlu&l jj.^.a-v 1 A )')* 11 4_usjjjaJI Cljjjll tjlA'l tLlLa. . Clu jil 

.(2005) UU^s^j 



Arachidionic acid (ARA, 20:4n -6) Ua jLA.21 (j l > ^ = d l jIA 
jjA <iaaI jAl .Docosahexaenoic acid (DHA, 22: 6n -3) j 

Jc. j j A 21 oljLall lulaJII ClujS IlgJj l^-Cajll (JlslaVI LllaJ ^3 ju^i-aUI 

jjlalA I ll’A a ^3 ^ > J-i^jil JLiaVI t . nA ^Lj I o A i aLlaJ DHA J ARA. 

j j)~' A j jill (JliiaVI t _ ■ )A j^jC. .lAj tlu£uj>AI e, WAll ClLV_jil ^g3j .^LLdl 

%70 ( _ s i& jAiju t. nAll IA jli t2002 ALc; ARA/DHA ^^ic. 

.<j3j*dt j* 

t> i_luAa jiLL ciuj tj\ ^ ARA jl DHA cAyi V 

aIuiIuJI J_jA) !.ia. PUFA (Jxu5Au Ljlau V diluluili .jl juail jl ciLill 

Jc. jjial Igll j-a ^C-jll tiujl jj*LI jli >.o,a\l Aa x .1.12 Lai .(18 ja (Jsl 

oA -LL_jia]l PUFA (JjALu ^^ic. jLal jjAua jl L/j t jJAiCa^aJI jjA 

jl i Sj^ptAI j-a . ^ >^i^)]l JliALM i. _ nA l^usLCaV IujAA jjc. jkj t^.^il jA 

Ig l<u>i j^a til-3 L>° ^CiiAl (_paLaa.l ( _ S A j j'Al tlj-saLa. ttilLaaAM Cll jjj 
Eicosapentaenoic acid (EPA, 20: 5n- LaJ j jAL l$i Ul tDHA 
.£JjCa^)]l _^aj <jj ^jCajll jLAV I t . n A ^jl “CiLlal jAaJ L* j2l 3) 
•EPA j* JLkj DHA — j LS ic. t Au J) “Lala. 2 Ua jli ligij 

(JAl ^^Jc. ijAll jjAi j^a iullc. cl LA jAljl ^jill Ajg •> 21 ciLulSLlI jl 
ia.ljij j2l j&2l j&j tLulAJI ciVLuCALU J.;A2I jAill) Triacylgycerol 
^Jc. ALaj .DHA jl ARA — j lia. i_A*Jlj ( jLiL/l ji^-a ^ nA ^ L»,nLi 
^iii .Ljlal a q vA ^ u^>M ^1 ^jill Ajg ~n ^11 aILILII «A j-a iuLL JaVI 

(20.16 J5 Call) IujuLuVI Cll _jJaaJI (_juaj ol^)Lall A ;AH Cljjj ^Ljl OlLLaC. ^ j<vn 

jl jAl ^Iglil ^Alill f-l^>?.l (jla ^) xl oljl jla ^A^>L ^Li ^jl j-a j^Ciu 
j j A a J A i A II <jlA Clli Aaq A. J>0 ^_ll J^^a^j]| (JA .^ajlall ^aAall 
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.(^t.lA'n At ojlejj p Ja'ilt j i 1 iLinll (jjajil) jl jiJI jAjjii jij iui nlxa ^gjAJ 

t g .AH -s'n J j 1 g (jV'i (A (jilt AjjjaJl Alifill All jV j-aill (jjjja AIL 3*j .’U«n~\ ij 
. <jl_u]l j jLiit t^ys ClljJ jll j^At A'i . ,1 4jl,a»l <£jLaja AiLaC ^3 jt m5_ig II j W'nulj 
-ALi 4^_jULa Cjluaj j 'iV'n.ij ^jjkl o^ya AIL Jbu (jAVn.i-alt dujll A' 1 -*-: 

. 4_illiill CjjJ jll Aelita ^2 Aa-'l-s'nu.alt 



l^ill oliliVt i. (jilt oJjLall A it A It Cj jjj >^iA t .la.1 jt 

A it A It Cl jjj jja Cuj J£ jl . AliA-ill t g > >iLaaA AaajAall jjC 4j«_iiiall A j . .ola. 

^J) ARA %40 j-® jAI ^gJc. DHAj ARA — j Aiiill ojjLall 
£>L& (ja LA jj . jgJIjjil jgie (Aa. J-^j- 0 J > j -‘ a t jl i"n«) DHA J (“lajjjx ja-aljl 

Aaljjll ^Jt Jjiil ( jill ’icALU 1*3 j^ jj£L jl jAoJ AajJjAl ja-aljLM 

(j^a^lt jl£ LaK tAlo Sjj^ .(Off flavor) ^jJall jjiuj (Rancidity) 

Cjjjll oLft AlaUt_a i_iaj L_Uuil1 l3gJ . IjljaLail Jal jA jAI jjc ^jlA-llI 

Ajjj*\1I aLAII £»a jCj (JjsLxjII <_iaj LA tAaJSljuallj (jjaH At i A t (JLLa. ^li j3aj 
jLlt jgj&.iil (jCaalt jn A"i i. . nal' ^g^l t (_j<aH A"w i,Vt A ;l.ac. (Jj 3 j jg > 'd' jpAIl 

I jq“n.i.a Cujll Jk-nI A » {At Cl jJaaJI jl iLa jaO .i»_]jejx jjc Li ^lt j3jj 

ACiijCa ojlja Aaj3 Cujllj 4ajj At 4 1A1I jja.j cAcjjoiJ AialLt-a I jjudj 
La Lille- j . a jlA >n'lj (O 2 j;> .uAjLlt Jjatl) jj^jjjjj 
ejfiAlt o3^J .(ojlaaj) jjA >»"l 0 jlrs t Ajjj^tlt A LAlt jt . AiLaC. JLLi. 

Jj 3 jj .^Cilalt jil^ll (_Jlia_5 jL-aaJI jawtjx (JLLA jnA ill Cll_jlill ^ I'-s"' IjliLila 

L/t a"i~st i^lliA jli jt >^>^>lt __*_; Llxuiij ^kj tjj AiV iljLi. ^r'Vuilt jilLlt 

All jj 3 jiJ ( jjlLalt J dljjlt) A ikt^lt l^jji. j^it Aal AjjJ^>lt A I'lAlt jj . >-A'l A jl-aC. 

^^iaall TAG 5 (^gA^-t -lit j 1 > A 1 It jtj .jaaill AiLaC. (JLLA j_jjj£ill 

Ujajt jiijj aAIj Jais Cjj jll ^liit Jiaj y lJ jj^i — Oxidation (3 aAJ jj 

jLLi. (jt Aalt Ajjaij jja JjA (JAolI -^jjjJ talujll AiCjj JjA (JAjjj 

.CiLJU-all 
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ARA - rich SCO 



ARA — J AjjiJI sJjLdl AciSJ) djjj 



jjjiuJ j A_ij*eJI AiUllI (Jle* ^ (jjLslai] Uca ARA j AciiJI el jj_)1I l 'T'K 

(JjS C(J>uill lea C3j .£_Caj]l JlaJaVl AaCil ARA AceAl Aj^>x_* (Jj 3 ^jlej Ca.'.j.'.c 
•*"< ^glc aCeea]l aS 1*LI UllilcVCr aSjCu a i " u >■ * Laic. 40 (j-« jaSl 

(jU | tiLle (jlS All Ce Iclilcl 4 ARA J A j \» II Cl jJ_}]I idle Ac* jj^LI jcLcaejl 

Acejj^jeJI CSjj i jSI ^Lij y dlV jLe* LLi A Ceils LaS .^lecll A^Sal 4 je jis ARA 
cslijS* eels AelceleV Lion Corp aSjL <JJ j* jULil ^ ARA — j aSuJI 

^1 Clj ^Calii Jjj jLi\' C‘ I.C.* IgiSlj 4 (jcJ jle-all (jx (_$\ ^_alj L .JxaecSI clje 

Ce J Calj .ARA J ^^liil Cljjll A. eg.* II aSil&ajJalll C ,a J r - Lake (Jji!i*a*ll ^3 C n W 

aCci ' ■* (jlj ARA ^llil ^Sc a jCcjl IgJ AcLieJI Clilj j Lll CjCxJI CjI 

.Sect jll a>Vu\I ciiLulS]l jiiSI Aj jS Mortierilla alpina jLiil 0 uaeA cslajlLI 

Ig.'i* jllll . jLL I A 1 C*\ , .'. 4 (J^V I ^4c 4 A_Lcail* ClleJlx* ClALi SS Ce jj 

Suntory Co. Ltd aSj4 JjS j-a jLLI Lcel) ^gj^aVl (jjjcdl ^ 

LI (Wuhan Alking Bioengeer Co. Ltd aSjL Ji j* ja^all CiLI j 
DSM Food aS^)Cu A L.,,,1 AclLojiall ISjJ-alj cAcj^xJI Ljjji ^gS A Aj]ll]| 
ciu CiSj-aVI a cel*] I csLY jll Jl iillc c*j cixej c3 j LJUajj ^ Specialities 
^Ll (jla 4 CcLJL*]l a4 jjj j* .(Martek Biosciences aSjL ^* ^j^ae 
AcleJI CSjjj (j* %95 L>* JiSi jsjjj Lgil Clue cAj*aS jjSYI DSM Ig-jj^j 

.Li_jic A.>Ti*'l ARA J A nj \l aCjiall 

(jjku 4clc J^-eeJl Mrtierella alpina <>* a A .. i* aLLA cicjj 

^jj ^| tAj_jCjc i(j_jAC ^lljlj ja 3 t ClllLcal k]]Lai *.laljV AcCclicll s-liliV! 

AcisJI Clijjj ClV^Cui ^;*e — AjjI j_jll A mCig \l C'LVh ^Iceldj I gj\c J 

CeJ ^eeJI AjullLa Cjlll^e Lie k*CVn»i*ll aCjidl 

^^icl (^^ic (jCa ji] . jll 50000 Cjjj ^1^1 (Ai 

i > 

Ajl*c J!iLe L>° J^a jl jldl Ca3 tA 'S** AcleJI AslliS 

AjCilll i ilajJ kjj|U-»*ll AcleliUI AslcSJI ^lc iJLe ^aJ Aj . jceel]l 
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V^^-a >a ,11 (j^j^)^]l ^1 -I^jjojLj ^aLojj Aj£]j c^-g^I! 4juIj-g ^j)*adl jlVunj V C 

. ljJa ; }l (14.16) (J^-uJI ^)iijl — ( L_J^C« ^aII ^ jUa'I) 6 ^j 

^)Jad' <Jj : pJ aJj£ 1 ! ^ 4_i3l£ A_lg£ LgIL^. 

4 (Filter press) I <LtLja J j^lauJI ^ j^dl j j U! ^I^IojIj ^ jjJI 

• L «*>j 1 >J 

^jAj]l a^L^Jjail ^.AaC. (J^jujLJ (J^juo ^ 1 c> Ail^JI AjjJ^JI <Sji]l ^aVi 

(JAJ C^jLa^l^Jl <!I^V jL^-AI J! ^-al^JjalA]l (jA.Jl (_)ja^XJ .(jLa^d^Jl ^1, Wunlj 
fuJ)![j Clu^ll ClAN* a C-Aj^a Jj .AjjLaAI Cj jJ^II *Lg^Vuma11 4jVqi\l jJIxj 

Bleaching = B c(jjj£AI) Refining = R J] j^Aj RBD j^vs*\l 
^Jc. dj^l CjUJU-AI 6 aa Ja*j .(^Aljll <S'Jj) Deodourising = Dj (j.^31) 
• TAG £-A 1 g VuJ fJ 4_il^iUI CIjUj^aII (j-G 0 ^)J* >^l\l CjIiaUI <Ul^j 

— (jl a*J Aj.Vn) ^)3x«ol ^tViaII CllJ^ll (jj 

J jAa ^ jj j ^Ld (RBD h*j j±s> 5JUI - Caratenoids 

■Ada l! jx ^Jc. 4ulj!ia.l ^ 1 j > 1 ; e .j . ALU ^jlLa (j jJailt Clujll jl jx ^t. j]l 
c ~~ i\ -%. \\ a .all JUd Igualdal ^aJJ (E jixVn^ 4 j°ll .A e.lm£l Cllljldax (jl UJ tod AVI 

. .laiALUl AjJa 4LxlAll 4 \\ a -a It jLadal 

DHA - rich SCO DHA -> 4^1 Sj jidl k^J\ djuj 

4,' < \^,o\l j 'll . ^i.all ,_jx DHA ^Uc- 4jjlaUI CLljJ jll j3 jj jx jC. jil ^ tr- 
*1 jiaj jl Ul ^jJC< SjjLall 4 iWH iJjjjj jjjlaj J. jj Lax (3.16 J 

I j] • ( ^jJajll JlilaSn j ';E Jl 4jjaljJaV L^.ualix jjc- 4jl ^ 5^*4 EPA LLaxJI Cluj 

DHA 1L 4uiiJI aJjiall 4 uA 11 dl J 4 jl j? j' 7 -"'" 4.^; All 0 j& C'L"w.,l 

(jlj tDHA U i^^Lul 4jjaau]l 4 j j ^\l aLl^.VI (jc- djxJ .EPA (j-a 4jHdllj 

jjuLLuJI ell j PUFA l>° l) j-Aj -EPA ^ujj V l^daau 

.(jullc- -A. jLa ‘(^ 1 ) oljlull 4 j j-v ill 4uiJlj (_jj3 ijAlu Uaijjx (jjSj Id. ilijLill 
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(ja DHA 1 4 ~sV) A Ajj^jII CjbjgjaAl j^ 3j3*1I v- 1 V'n > ul jAaJ 

jl (TAG j-a SjjjSI CllLl A Jl J V Jill) Ll jAj Lai JV JjLaall CllLal ■lAliui'V I 
j-a jjCjj >~,Tl jj 33 j .(Al&l Jajl) SjAa-o JjjJa JlA'j dlljjA Jl 

(jjj£jJi <Lujl jj) (Hetero trophic) ALasII AlfLila si jjll JCA cAbAll 

Cjjjjl 4 -n'Vu CjUjliA Ia jjjlaj jjj . (4 _AjjA/I S. Wull ClAjVjll J jjjL-aiia 

j-a LaJlAjj Jja. 3.16 (Jj-lAI Jajl) DHA J 4 m II SjjiLall A All 

LaA-lA • A \ j- j ^ i j\A Li j/nK\l !A jj . (AjjA3ll (jJaLaa-VI 

tLnAJ tMartek Biosciences aLJ aLAjj jjL Crypthecodinium 
jjI=AI t Schizochytrium jbll Lai i(Dinoflagellate) cALjjuAI j* MD 
As Jl Jj j j*J Omega Tech Inc., Boulder, Co aLJ jj 

Cluj jl U1& tDHA — j Lgc Ljjj Jjj UaIA .Thraustochytriales 
PUFA ^ jj t> jJ jSwa. Jc ASA (j jjjaj Schiozochytrium j-a jiall 
(DPA n -6, 20: 5n - Docosapentaenoic ja j A aLjIAI 4.1 , , LJ I CjII 
(jj£j <J1 Omegatech AjA Matrek AjA cjjiL.1 t 2001 J- J .6) 

. ji&jAl jjjJ Ajflall AALallj Sjjll 

(DHASCO) S3 jiAl JlsJI Cuj j* C. cohnii j^> juAI ciujl jl 
(jjjA! j-a %95 j-a JAI jj£L jAj . j , .a Jl JliWI ^ iiA (»jc.3j (J ^^AuiAl 

jA LA C. chonii j J -DHA j 4j»ll s^jiAl aJaJI CjjjJ ^ALLI 

(Jj Aa.lAI ^Jb A )L» II o-J A n ,i JJ jll 43a-all jjj i(17.16) JAAI (_g3 ^jJaj-a 

f.La Aa, jLo Aa,j3 jl . Aj jajl Ajj^i-all ClsLulAll I A f.LaA ^-_aJua ^_C-jj Li , . j 

Cllljlja. J JeCVnuV 13a, Ajllc tC. Cohnii 5 4 i»jiLi\I Ainll jAj tjJSI 

4 A 3 LL 0 dAlCo: jjjlaj jj I 3 J .^jlj j-all ^LLiJ ^3 aLojAuiAI AjA/jill jj-aVill 
t A j.ASMI CjVICuiII Jjjlaj clllilaj j3~s'j,,i 
j-a J3I 4 J,a jAljJ J AjjJill ^LliVI C'ljCc «.lja,L ^Laajill ((jji.1 S^a 

jjll CjLI jA. J IAIj ui.j'i Jll jAI Jl 



L) 4j^. jLoll aIiIb 4_icjj JaLui jl ^3 j a ill 
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Jj^aj LolL^a cARA j a,d*.\I aaA.'I aJL^. La£ 

aJj£]I (Jj^ aflj iC-JjUaxill .laJ! ^ j Ajj ; i^JI aJj£]| CjLjljabo 

. (jl juifLlfl SI A Vuolj Clljll ^alV.Ujij U Axjj L mVi ^aJ A^. ! ^3^° L)^ A-jJ^'vll 

.(J jAIaj ^ Cjl jj (j_jill 4_j]lajjj DHA J 4jl»SI oJ^L&ll A jl-sll Cjjjj (jj 

.liSLoLVI CjJjj IgJ I. -| U<Vl"l (S^SI t_J jC-JaSI JJC. ^gfLtuJI ^*Ja]l -laiij JjSIjUj i _ s &J 



Safety of SCOs S j jidl kA ill Cijjj 4-£t«i 6.3.16 

f i_nV'l I. _ jjL^aas (j^ Aj'iiM Igjl LaJj 1 J.l3-» l . 1 U.n 

((jjljjAM IgiCUa] Jj3 43.1j oJjidl A jAll Cjjjj liDljJjoil LALui 

JA . I (jj£j 33 Cj JJ_^I (jp nillil A -Njm j I^Ca^SI JliLVI l, 1lA CjlaLCal£ 
AjjJjjailt CjL«I j )3]I ^_ya 3j 3*JI I g jlc. (_£^)2.l 3alj . 4_ua_jJ^jLa]| Ajjl Cj_jJ_^]I 

. j2aj]| £ya (jjc-jWki j Ljl ^jLaj ^LVn.iL 4-AL2I CjLuI j3 j 

A„ix\ > nil CjL.iI jSj 'iJ^LaSI £-^d! CjIjjjIj (J^ojjsLII o 3& Cs^>iii.l 

(J' g .2/1 ^ya jj£! A-ujUa. (_)ial^)C.I (_g\ li%^L) ^aJ . ^udJI jjC-^jIalLall ^3 ^4Ca^a]l 

AjjLu.) Cjj_^]I (_jx Ijl^v ’i^yiSi CjIc. «. liaC.j 3*J 4 j5<u.i\I 4^d^)]l (_gj j|. : .iVl\l jl 

. (( j^i-s .dl ^t. 100 Jlja. Jj 



Future of SCOs Sj jidl kAL}\ CijjJ JALu** 7.3.16 

^Ic. L! (_£ jiaj Cj3 ^3 oJ^jSLall A I A II Cj Jjj ^j<i-n (jl 

.£_Cajll JILL*/! i . \;A l L*1uiJ (3 Ja*-o (jlj ARA j\/ J DHA 
JlilaVI i; A ^ ii./i* CjI£^)C a li , „i DHA/ ARA A\-s g'n.l <jj ia iqi'All 

(_)au] J . o3Jlsj (jl ^ \* i (2005) (J.^islt IjlA AjL^ Cj3j ^3 t^Ca^)]l 
o3aia]l CjLVjII £a\ .^ia ?.ljj 3a3 t<3laJil o3A g_i^» i^il -A -sAll 

Cjj^JoI ASj .ARA J ^Lnillj DHA J Ajiill tCjjjjll LS^'-P 

i^y> jilaj ajjjjjLI CjI jC ^21 3Ca DHA SI LilLa LjjjjLI CjLai jLI 

jLL- 4 sjLjl j2i>a) ^3ll Triglyceride ^/LSI ^1*11 ^ jj.,..JI 
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dAA (jl (j-QJ .(jjoJI ^)Ia£] ^ SLx SI ^j^AAaSI ^Ij ^A,nS,flSI Cljlj^jJI 

Ajjax*! ^»JA LoSL^. DHA J A,J *lx SI 6 J^L-oll AaI^JI dAjA^S LlLLjjabQ 1^-oA ClaVl^^SI 

.6 jjLaJjj Cll ja^SI aAA ^^ic. ^LaJI L-liSaSI 

I^A^iaj Ia^. Alicia aLoiLoi djIL (_£^)^.l PUFA dlliS 

VI.AW1 AaaAaSI (j^a La^.VI ^)a£I (jj ♦ i ^ joIxoSI ^rVixll ^HSI ^.^xvLaA 4-Slx. 
^aAaSI (jsiAr\ 11 lA^i (jl jAaa .EPA ^A .laajjjxall jl XAA^LSI (JaaLuiaSI ^3 ^J^JadU 
(jLc AajIaSI Ac«LLall (j^al^al ^^Lc« ^3 AiLaxlLu.il (jS-oAj tdjLL^ilVl Ada A_JLxa 
AaaI^IaSVI Ada A-iJI-xLJI <jl dSl,^ jAaa LaS . (Arthritis) ^-L-aa-all L-sl^ilVl (^)La^)A 

djlflAllaLlSt (j-a .L-llsil ^al^-al ^IJaAl ^j-a AilLa l- lSlll AjLo^. ^^ic- (J-axj EPA 11 

^Ltil Jillic-Vlj A^ILL-aSI dAjUa^jail £-I^aI AxJIxa ^A EPA 11 (_£^kVI S^JXall 

(j* ljx£ Jl *3 c5^ j LLi^.1 l5^ c>J>^' l)I j$ilj (Catchexia) 

^3 (JaIaIxII S_jAS ^A tdiVl-^il aAA ^x .)^> J Will <jl cLolc. . c-ILaII ^j-a^)3 
^lillj EPA ^jlxJI SA^La!! AaIlJI dlij AaIjS jUaa AajaxJI AaILaII 
a^x.^ 11 ^j£J j cAUaS EPA ^-Ic. ^aII ^.Ajll ciLajoJI cId^j Aj^jLLa (J.jaaII 

AaC« jLuboil A^l (jl (Jaa^-aSI ^jajL (L)-a dl-ojail dj£j ^3 DHA 15 (.j-al^jiall 

. jAiiUl ^ij cl ^a^ii 6 ^ (jLa ^ liac-j 

dA Jjj ^IajI jA 6 A^)Aa1I AaIlJI dj Jjj ^IaaV Aa£aa1I iAaIaaA^aII ^>a£I (jl 
AjujAa^_a AajIaa ^jaLu*3a j)A Ia^ 4_L^ia (Jjji)Lai djIL PUFA ^ic. (JjiVi Aj-s^iL,^) 

^)jL-a-a ^j-a d lA x^iVutil PUFA SI oAA ^jSVil AjjSLi^SI djLliaJI ^jl .LjI^)j 

PUFA SI ^\Ay\ ^3 A-LiL.il Aldax-oSI ^jl ^j-o ^^>SI ^^ic» j tAaSj^-xi AxajJ^)^. 

6jj 18 dj|j PUFA (j-iid 6J Ic. ^-iILLoL ^Illl djlnSl lAa. ASj_^lall JjuiiLuil ClilL 

.l^J ( ^ij (J^x-a^SI AdlS-oj ^a^lLaSI (j^Sj co^)Aa£ Ai£joua ^^A ciaLa 

lAa. ^jia (Jjoj!>Lui djli PUFA J^iVj ^^ic. djljljj j $ jj Aac. 

LjI^jj UujAa^-aSI djljLuSl &AA (JlLa Ac-I^)^] UajlLa dSLiA ^jl (^j£-o-all 

^jl «(Lj^jjI ^3 Au-aU.) AjaJIj (jAdi^-oSlj oaSA^oSI (JaS ^yc cL^jL^JA-a J£l jl/j 
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jjj jj CLAjUjII cIa (JLo <al£JI 

CjUi!! dij^J ^l*JI alc-l^x Jvla. (j* jjojj j! Ac. ciA^jVI j£\ 

. UjIjj a\\ 



<4jSa ^-ij-aJ LLg^} 4_iL^JI t_jLx^d^lj 

^2 <j| l \ a \c, I^jjoJI ^2 l^-xil j-g ^Ac. Aala^il b^yiluiA J j^_^. Jj cilLi&j 

.U j-gjJo-g dlL Cj I jjjl! (jl j^±j i(JSVI <_gAc. tG-JJjs]! (JjiLuiAll j JU1I ci jll 
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Introduction 'U.&* 1.17 

A_L-a3! Cjli AjC.llx-^11 aLjouVI Aj^x-rall A xaX\Q 11 <jaj L5^ 

A-IjAa]! A.ajj.V^.H Aa^IaII ^ASkA^all AjaiAl^JI gjV « A-j ,iullj 

JaL^J IgjS AjJjISjII A„jqj.^ 11 CllLijaj ^ic. JjlSjSlI ^aJ j£5j 

(JaJ j LjjI j^aaiC. Ajia (JaLuaJIj ^ Jt>S*\x W 

l (J^.1 ^ja A j^kA^ll Ajui-Vlg 11 CLluUullj 

.c^jjill A-aJl gLiaII A_^JI*aj ^Ia'VuJ • 

.L_fl^)j-£all al_ 1 a A_^JIxa • 

a_ja 1JI ciiLlaill JIUI Jjfuj j aJa^]! CjUlaill Aj^JLxa • 
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(Off £jL-s*JI t> dil jliJI <*!*_<> ‘(Municipal waste) 

•gases) 

4 till j A j-\ ..Jl A >»i.Vlg II <^3 •da.’l-s'nux'll 5jJjlaill 4 “ ll i'i? ill (jx ddili 

6 j a K,ju)x> l^_jj <.** n*s ^j-c 'Murphy Auajjjajj ^^a-A 

j\ i^yn aLi-al! CuIjjIa «la^)aj (Jj-q i 1 .‘Ufljn ^jj£I UJ^ ^ S«lalj 

(j - 0 "J^" A.lu.U Ajmll CjLi^jjI jIujV I jjA-aj <jl L_iaj . Aujlill ^ A_lgjj 6 jjSjj 
L a AjVu^afti L-.ll3a.Ij (JaI 5ua.1I ^Jjajoi]! 0 £dll ILk . (JaVl ^j^JVia 

^ic. .lj.la]! (jj m bMx A '1 A_iAjJ^}a]| CjL a’W aII ^)J-uil 6(J^aaVI c Au.LU.ll 

A_lajaul ^)J^2aj ^ i(^$ jJall A_L-aiA ^)Jjai J 6 l5^ AujJI 

I^-gI^a <Ja <ja ^^ull t"Ajlnll AujJaJI La J l^ul] jLi j 6 6.lj.la Auc-la-a 

; l^aAl j t^jV! ^aJLJI AaljJ ^ull Aj.1u.11 (J£Lola]I AaJL-Gj AuLLaA 

.^jj^jVl jLft, liuil J t AjjJnAall ^j\ .L aV 1 • 

.SJuIxaII CuI-IuaIIj CuL-IxaIIu AualauJ! j Au3^a]l sLaII e.Lc.1 • 

. CuLLill <ja AiUall j I^aI-IVum! jlxJ ^ul! Cul Voa!! jLjiui! • 

. Au^ill AaJlxA • 

. ^jl^jaJI dij^ll ^)a ^j^alVill • 

Aujg >a11 CuLjI£]I ^ja .lalLu ^jjjc.1 ij^all Ajjjall ^jWi <jl (jja 

\1 JIq Lg^j y.u.t.11 ^j£«gj c * n^jj Culi Cul a Via u^al ^JUlaII VajJalj 

tAulnll Aucliwall AjjjaJI jj^jj^JI ^jlal l1uaL^Ix]I jl tSjjJl j t^^-ulll 

143 .Aj^C'^aII ^jAl^Jall i‘* llV'i (jj^jJaliijj Ai,)^ ^jL3j t£_£^}al AuaL ^ja 

ala. jJ ^1 Ajjg >a! 1 Auall C )\ nKll l V)A^a jjj aliAaj j J^c- Aala cilluA 



^^giauj IjjUaj^all Aac.1 A\y)j I CjLijjVI ^ Igjlc. d_fljlsLLttll CjliljjaJI ^ i (Murphy law) ^ ^ 

.^^a.j1a1I) ^LuIIj AiniaJ V jl ^)JC. Ai^l j t jdLujall JLia. UjjlS 
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Jaia llSlA j .£til l4_ljl _ jALUI >■" ni-sll j iA laml-all j i4jjlil (JelsLlij 

Aii^JaJ l^ol^aj 4_ijg > <ill dljjl^ll elA ^j.aVi all&j (jiL^all (j-o ^ n^>; Lallc- 
iCiliA .LjjALaa. L/jj3 J & I 4jn J1 “LijjaJil “Glajil ^ h^i"i id jjj Igj jjliil (j£-aj 



4(jSk]j ,<lalia-a dl&jj ^ dlllaJlj 4_iajl dUjlSLil (Jldlj A$-\\ aljla. dljJ_jlaJ 
dLul£ll ajlij ^Ic. ( _ in >11 La la. Jjbtj aljlall dljjlalil al^l ^^^laxil 
t _ g i c. 4j.ailVnll IjLiil L_liuiJj teLlaJI 1 j 3 ( _ s ic- «.LL3I LS lc- dlli. ll *LlJg >.all 

(jV ALIa ( dll jV-a t 111 jliill (jjj . dull ^3 aj^adl 4_iaJI dlblfLI] l.a»."i.a (Jl_a.lj 
CllLaJ_)jlj ta-llla. dll na «.Lb (jJI l i5.a.a (Jxa. 4jJJ_^aJl Li^jijjJI Jla-a ^3 ^laill 

•(Biodegraded) Ljja. ' g \J vi ‘(jL/l C5 ba. ^ ^1 dldjdl Jiaii eijia. 

<4-5011 ^iil^jaJI dlir.a'~ia.a dLa_jiia. ^3 <a.j.la ^ 13 a-lilaJl dl nail alA 

(Jla.ll (jSusJ ((JliLall Jj ( ■ . i ^glc. .^^saL/l dLuaJI (Jlj ^.aul) A \\ad 11 eilAj 

4 i il i ^ j51l jl jdl (JLLad A ><n>.nVl.all I SjLduill ^_3 jUaill d.utl j dlliajUJI 

. Ajiilaliil l^jljia Jblbj djlll Cil » a~ia.a ^ 4-1C.1 'lLi><VJl 



Treatment of wastewater <-S jao !) ala- 4>1 Ua 2.17 

ladl-ail (Ja.jil) aLoaJl j»Uaj aJouiI^j ^Ij^JI ^Llxil 1.2.17 
Aerobic treatment by the activated sludge system 

jdl (JWlll ^gJb i— aj adl alia A jqV'll 1 all Vi ml jj£LM A jlaaJl 

^312 .(djjUili 1.17 jUaVl J\ jtul) Uuilall alaaJI ^ £a ^1 jALU! 

(_£ 1 idjlill lljdl (jlac CVl i” 1 i*s jl ji. (JLld (j a “LalLtll aLlLlI 

LaL tdlim dljlill j t(j_jjj£ll lioi£l ^1 -lui£Lu 



1 lu &\ AjjJjxJI + o 2 ^ + co 2 + HN0 3 + H 3 PO 4 
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lJljUj]) a 1x4 A^Jbui ; 1.17 jUaVI 

(^Ic. i-jIUI : (Biological oxygen demand) BOD 5 

JlVill AlAij]l Jj^Ji a \/S\ jAdj Jill AJU-all c5^( Cy* Jjl 

Ajjj3A]| dildldll aJslujI^j *La, W’ uhaH O 2 J! Aaa£ ^ ~n >^ill t a^)xxa]l &Llo ^3 

.4_1uj1_j3 Aj^j nA. <0 Aj^di (. iijja ^3 JjdaxJl ©jLoll JLdl 

o_j)» ) Ao>ajj^)JI dll » xrvMl JjlaM I^JVIlXGCl fiQUOr) AM%<all Jj!^<ui 

. A Li >, Vi .all &1 ,a*vll 4_La^ol 4j^lill jljd LS^ ( *LLi3aII A 1^ 11 dAjjldll J-a 

^3\_la tjC. 1 g U«o3 A*J 4_LxulL<xll oLa^JI A L>^. a ^3 Axa dll » .aVlll I (Sludge) ol A^ll 

jl jd J Jill (Purified effluent) sliidl ^ jUdil oUa 

Aokidll AdSJ A-jaJl dildllil .Ljia jd l$ja sLoa.; (Bulking sludge) 4 4 u*i J! St^aJl 

. A^iddajl AxaJj^JI dlLt-adill l_UjjjJi Jui Lao 

UAid Jl djljij J) JL^JI Jjjdill : (Nitrification) AaJIIII 

dllla^-a J j] jjjll (jj^jJlnll 4JI jj c.l_jjl 4_3jjjda fi jlad tgjl .AjAaull Ajjlj LjjJ^lll 

.^a ,jjjj-aVI ^Jj (_5_jdax Jl (Jjj^jJiJl ^j-o (jAx-aJ A*Jj it fl ) x ^~>\1 gIj a 4_^JLl-o 

Udo dA^j . N 2 Jj ddl jiiil ^JJI ^jdddjll : (Denitrification) A^JUJ! AJIj! 

. aJj)^ tu) 6^)3 jLo oAui^j-all Ajj)x^i» 11 diLi^^-aJI j ( J)> (_j-£ad t il^Ja) IjjIc. 0 2 jJL 

Jd Saui^j-o ^jdl lc.1 jjl j£Jj tldlc. 0 2 4_i3 Jj^j JjLoj : (Anoxic) £)\y*nfti\ o^U 
i Jl J) juL JjLo, : (Anaerobic) JjaV ©jj^a jJ aja^JI J dJ jail 

Jla 4_3j;i2Jl JjLiaJI dl^C-llill LkLij i Jxxail didj RedOX oAljdll Jj-o^ 4 -aj 3 iSAui^Joll 

.l^il£-a jIIIiaII J Jij idillj^Ji Ja A^Jl tdi 1 jAAdSll 



^aLo 0*1 dj|j ^3 Ajl-o^aaII i Lj^) 4_lajail^J A-^lax^ ^3 (Jc.1_9aSI lAA Jj 

^Ul 6 Ac- Jj (Jj-aJj (AjaUI J ‘sxill La£^ djlc-Luo oAxJ Jc.lij (JaJ Axj .Ija3 

^AC. Uji^JI A y\\* xill Jj! jjoJI Jaaj i^ljj^Jj "UjUjj Ajc-li^ tdiLlij 

(jc. Jj-aiii3 AajaLJI A liwil^j Ajjjj£a3I ^j*1 y^W Jj^3 Jj c**n*s tc t liui jll jljd 

j! Jd J Ljidjll ^j-oL^-o jjjj Jc. Jtdjj 4(1.17 J^-uJ) Aqjhill aIjLoJI djljlij3l 

tjJi^JI ^ixal^a . Jjoj JJajjj! jLcda J^.1 J-d Ja 1J1^)C. 14 J jl Vj V (jl 
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AaIxJj .LiJja. ^*-2 ^g-XU.nj) 

^3 ^jl ^3M n 4^*^ ^31 (JjxiVill (J^*-aJ ^j*s x^-ill ^jl j iV^fl ^Ic. 'V^" pl^VI 

(_)^l (j-o 1-1^ 4 ]^i\*s a\\ (JjIjjjj ^)j] (_)^] BOD5 5 — 1<0 (Jjtlaj 

4 <jj| j]| Aj^jJaxi! ^yc l +90 aJI_jjI ^Ac- j Si a~\W (J f \ >*>n (j\ 

100 (j-G S J^p ilj-G Jj BOD5 L<il^)C. 30 (J-l*-G 1*^1 J L^Lal (jl J-JJC-Ij 

(J^t^n^sW (Aerated tanks) si jg a\\ diljl^rJI 4.1^.! ^11 ^ jJI ^l^c* 

jS L* JSl (Mixed liquor) <kl^.il Ujj^I JjI <> jil 100 ^ 

.(Individual) 

^j -0 (_£^)^.l A_luij 4 A Ja.JuU.all fiLo^JI A_iLaxl AJjojLojVI S^Lall (jj 



JJS BOD5 £-<* tS.iiaJI (Effluent) L-fl^j-sJI ^Llo ^iLL t^ibAI 

.a^JLxaII a*j Ajiilall (^iA <15) ^^*-^1 cJ-° cJ2^j (J I ' <20) 
. (1.17 Jj^JI) CjIuLoJI (j u IjUc. tills t4uLo*JI eiA 



Aulai! j2jj . l _ s xu<a21 uSjualt aluu SxJU^l Ailixu uiLiiug SujtLa ; 1 . 1 7 JjJxlt 
JAxjj . <_ijjC aJC ^jJbu l^jSJj tuijuait a lx. ^Ua ju aJux Sue jj iUadi.it aluxit 
a lux Jliijj ijxiSj jluat CiLduu ^Ualt aJjx (juli S-uldASI SujjxII cxistc-lAuil 

Jx jj V) SjjLuafl SiUait iilAii ^A j Actual a juu UASB idle- Hull ^jSjj jjj£j Jit 
.BOD? —it sJtjlj Suit jilt jI juit 3Jtjt dux (jx afli£ jsi l^diSj t(4jj^j 


5uil>!:Ut 




Suit j^Jt A x It* ait 




( ^UASB 


(i) MBR 


aJajjHaII sLcl^JI 




Suite. 


1^. 


Slila 


AuLla BOD 


Suite. 


Slila 


SLls 


Au'a.LiuN , P 


1^. AjJaiSaulo 


Ijl^. 


Suite. 


sLa^JI j-ljjl 


A-Jai^uLo 


Axijj-o 


A*ij^Q 


Ssiyt 


1 S^iiu-a 


1^. S^)JXj-a 


o juS 


A_liJa^)VI A^.LalA 


AdOd^Jl 


SujS 


1^. S^)dd£ 





.(membrane bioreactor) csjoxil *ISSU1 <J&li» MBR (t) 
.(upflow anaerobic sludge JcLuall jiiil till SuIja!!UI SUxil .Use Jeli» iUASB (<u) 

blanket reactor) 
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t> 






-jill oiji 




(j Vj (jj^j jliiil 4j|j| £4 -LaAiall oLaaJI 3 L 1 JXU 4-iiafr - 11.17 Jiull 

llj-LI 3lu£V till jlill AixSlII tliLiilill jiliHou illil 4 (Anoxic) 3 j>- n^l (j^3li JjVI 3 I jiJI 

jjl ! Cjljjill tr^Lj UJJJ^I Jj*^l tjjlj ^ Ajj-iaxll 

il>all AuiSbj t( ja>iUI Aj^III jlji. . Denitrification: £#*.jjul\ £jj Aiijki (N 2 ) 

till jjj ^1 j» jjjjxVI AtuSljJ lAjjC. lid Ijjl . (jjjiUiU JAlal 0 2 II £-4 4-Au-sJI 4-ij)<nn II 

Ajj ^> 4I I nUilill J^aa j»ii .^jJjaV jjlji. ^1 U jjjJj iUj ^1 ‘(Nitrification: Li jii) 

'.I 1 * "j" 1 " u'j* i j2 ^i^aall <-ijxfiil sLi4 ^jUa 3-» 



(3-4 JJjSSSI ^ lUj*^ I _jA >^>ll l—Sjx^all alia A \\ » 4 ^3 _J&$\ (JjjlaJI (j! 

ll_j-o (j x ^i£ 0.3 (jll J^- £viii BOD 5 SI (j-4 ^IjC._j1jS J£ iS^ toljl^ll oLaaJI 

t “ i\ xi i. g ^ aJjIjSI "I -'til oiiA <aJl*-a ^jj L 4 ollc-j . aluljJI A il>«nSI oLaaJI 

lS 1c. jjliii (^jjJac. iIa-.-.Si lgj-a (j^iS-s’i; ljji.lj ti—sialij jqinn t“n-\ t-Lul jAV 
jxlixa ^3 jl (_jx ajVI ^^Ac- o' -a^AI 3-4 (j--iS Vl'l 3 ] • J -a L» ? _jl t4j&lj3 l^IjI 
(3-9 (j^iS-sMI j tLjjjl ^3 IjI jlo jsJi (_5^c- l-lia-4 g n xil tjL*. 4 jI ^Ac. ttljLAijll 

4 K . - -4 7 T n ^ll o' -a-t'l 

-Uslj ll^o 3_14> Ai; La 1^. ^1 £^.ljil 3 S 0-LljSI oLaaAl ^LuV (3^-4J 
^-lala-a -LLS-lil -U^AI tllUllSI (JSLuJ V ttllLlc-liuAI oilA JlLa ^ . -Ljj^jll 3 I j~± 
^ S-iiu ^Ac. 4 unf. I tAli 3-4 V-ii la’i I g £lj tS S-iLi'uill o' 4 *vSI ^LLj ^3 La£ t a 3 l» a 
AJlaJI oLa to ji -s^SL Aj-oil A dstijjojj 3Jj^iS ^£lj!li 13j .-U-al=JI ll _jaSI 

cjUa. 3 j^j J t(Trickling filter) (^LijSI ^_LjJL <j ^ giSl 3I ji. 
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ad jl .(Fluidised) Jdijil (jd_ydl dl/Le-liu ^^3 (JlaJI _jA La£ tA-aC-li J-aJ 

Aj^lj-all 4-j jg -s .all dlijlSLII jV (_]jl aid. 0 JLiJ A 3-jii l-all oLaaJI A jla* 3 dll jiadall 
Jj “La-laJI (Jlil Lo-a tjjili <J3)ldl d.Wj C n^> kljjill jl jd ^ i_j_jlal a jial ^ lii 

alal jll aldJI ^liil (jl I jd ja Jta . jl 13 j Id .(Settling tank) i. in ..Jill jl jd 

(Jlildj jllfi In jldVI (_p«_l ^2 £dl jia i ij>.nll aid <aJl*-a dlldd ^3 

Uadll _jdll £^a (_^jl jjj dl jiiill ad jl jlllj .£llluil A» d ll (J_jJaj dl ji3 

JfLill) sLaaJI dU-adi ^ <_si* li ^1 (Nciis elmguis) aj jd.^1 1 <jl.ii.iL3 

^ jllllll ad 3 j^. J jl^duil jLadal AjjlaJI dVjla-all d^.-s i lili .(2.17 

Usoj-ojj Id. ILil !la. ja jdi Igili t (Mixed liqure) <Jaldall dj^dl <Jal 

.alal jll oLaaJI j-a <j.nWill A K .la I 




Hlaljd AjaldaJI <_Sjd!t Jatjau ^k Allx * ‘jjfl a Aadl HUaldil ja ^ud : 2. 1 7 Jddl 
alii 12 .Ibudl ai* Lf l& <_$ 1 xjj . (Nais elingllis) alja 1 _J^J tad'/ .aJdiiail a Lad) 

jjdjjjl ja 4_alia ejjadl) aLadl ja <jdd]| Aldd! IJLulj Id Uaiaal id jllaall ad 

(Eikelboom j»jgdl 

(Jc-lLall (jidi 12 jlSL Bill jll aldJI ^liaj Ull ja La^-a I jldll (J*Jj 

,d cMBR J&lia ^2 .(MBR) J\ (Membrane bioreactor) ^Iddl ^ jdJI 

j^a A_j jg -N all dlialSlI (J>^i2~l 4-j j j jla ^_d jl ad. j Ajsual_jl Ului jill jl jd Jlliiuil 

j£aj t^Udll Id Jia . (Treated effluent) ^lU-all JaUI di^dl ^ilL 
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C'iVij CijSJ ^a.ha JJC. (Ja.1 J] <Sj>^>q^\l sLaaJI jJjAj SAleJ 

1 .^iq-s'iA A > >OliII oLa^JI ^llilj tldajl Ia^. oLaaJI j^C ^luii ti—SjjJall aAA 

1] AjjIjII 4iu jjJI o^i^lj BODs ^Ijc._jii5i /^l_jfr_jLS 0.1<) Ias. 

i(jj] /Laljft 30 Jj I Ai. Jlc. aLaa. jj£jJ Jj Jjj^ajil (jl <_gA MBR 

.A 1-hViaII aLaaJI ^UaJ £yn jy^ ' Jri—' Aja'N'N (Jj^*s'l allV A *a AVnalj Tani ^ill 

(^a jjy >^i a ja. AJajj . .A A MBR dll > : »i‘ia f.Lii aj^Aj ladli] A y ;Vij 

lAa. AjIa^. a j la .,-<11 ‘Lazuli aAA ,<iaAala]l oLaaJl 4 .3 ~s a (Jj 3 j-a Aj ^ILa-all A^Laa]! 

.(BOD 5 >2-3 g/1) J£ja oLia ^cljj ^gjll allied i><nll 



sLia] AajI^A^UI ^.-vIUaII 2.2.17 

Anaerobic treatment of wastewater 

i=i5La]l jl^ilaul (jjS-Nll JaSS JjjlaJ ^gjIjA^UI - ■ >>£ 1' (j^ 1 “r-y.jS a>0 

ajjI jp^\ SAxuoiVl Jia (Concentrated organic slurries) j£ja1I ^ ydJ 

AjjI jA^UI AjJlatAil jjl ^-La^Vl jlS j . ^ . ^-»U i SjAsall oLia ’iLaa. alllAajj 

t dlA ^glc. aj^lc. j .a5_^d*JI aJ-a^ll i^ya l 50 j!iSl V a] lAillaJ 

o^iaill oAA (jSilj . 1 g j1r aIaaC-VI aj5-aJ V IaI iAaIIc. ojl^a. dl^jA a_lilaJJ 
A nq'ill (jVl ^gjI^jA^UI A • .n ■ It ^ u .-il j (jjJaAaLall (jjAa» II J5Li. aJ5 *— 1JJ*J 

A_iinaJI oLaaJSI ^IaV'ihiI aJ51d ajAj .i oLi a] Ajtjjjai]l A^JIxaII eAA.ia.A.11 

50) all5lclLa]l lAa. A_Jlc. A-ljAi. a£& dlljj^jj J^Vi al^-al A_ijIjA 5U! 
JiVBOD 5 20g) lAa. A_dlc. ^g-aaas. aijaaJ all^AxA al AaCdlj A aU u t(j!iy^l jC- 

^gi-LaaJt aJ^l^ j'A* as^^ oAjAaJI Cll5lC'lLai! ^axal • .o' jj| .(^j2l ^gJ3 (Jc-lLa 
oLia <aJljua (j5 .a -all (jA aj» ^jVI AxmaJI oLaaJI ^3 (Metabolites) dll jaI] 

c^jlja. (_5-^ as^ - (0-3 — lOOg BOD 5 /L) Lyjaj dul£ “Ui5jj AjI a> aJ^Aall 

,A3jJ_ja AAJjlaJj Aj_j1a A^.jA 55-10 alW 



(Biogas) (J j.1^11 jUdl A-J^dodl alii 5 ^)a 1] j^gjI^jAliUl a) jVill ajj 

2 ilVil J.>.»iL.»i2Li Ljjj"i5i\l aj^ A al'W a alilc- ja-s a a)^ 1 *- 1 a^.jAja AaIac. ^^a 

t JaIIL a 2 jV 1 aIjJI 
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Jl Jaib : (Hydrolytic acidogens) Jldl Jkblb u ^<\ • 

‘kLiLill ojpaS 4_ii&C (_jaLai.l ^Jj 

ok-Ji/l 4“b : (Syntrophic acetogens) Aialjidl Ajibll klbJ • 

•H 2 J Ciljpl Jl -CiiAnll 

CH4 J! H2 j cjliu«Vl J jib : (Methanogens) jlilp J] J p2' • 

.(csj-d I jUll ) C02j 

t (H2 Jisi ^ 1 LoLali (_p*jll 1 g . .n» \ Jlc. ojlc. jii CjApo jb.1 ,.Wl».l) j 
jj*j U*j (Methane association) . jbpll App 421 jUb JUlLj 
Jpu <kj£La C'll ni-s Jib Jc Jl jA! 41I oLaiJI Ac.ljj jik Jibj IgJ (JpjVl 

allilc-VI jl .( 3.17 Jibll) a!i|i n jll Jkill Cilpiio j^ IAjjC-j H 2 Jal 
kjp-all cMill jicb clip. dSyncrophism) jJ jiall J (jJj<iill 

^Jj $.(_£ jpll jl jiill Jjj 2 ill alill ‘Ca.tlLall “kUal! j^ ode bill jA TUI 

C'lVl AijUall -CaiiLall A l-i j . n jll Cldllc-laill (jjikj jip Jlilljj CO? J CH 4 
(-21 kJ/mol) Jl ja. alpll JjJ ABllIall J jl (jCaJial Calj tApball i-ijjall 

jpalll <Sillall j a jJ-lVI CaJI ^jpi (JJikll jl . Jj~v -a jl jjfLa jlii 

J X«j J ppj Syntrophs —SI Ik jL ^pjj jlilpll jlc Jl ccb jjjj Jl 
.(4.17 Jibll) P H 2 <H 2 — 1 JjJI kibdl 1-1^. A 4 u^a <ilalxs 

Lo«iic« >21 k J j^>2! (3^ *^1 j (J^-o uj 

jj-o Ci.lj Jjxi ^bib Jell pH 2 aJ (jl jp J t(pH2<10 atm) 

Jl Leic kas Ik j . 10" 5 atm JlLj J Lc=J ja j -21 kJ JJ jllp jlc 

Jl ciljjjjjjj j-o Juiiuiio Jj jii Jjj— £ ai. J xi") -a j clip 1 0 atm Jp pH 2 

jjjalil “UilLai i"'l ■n.I'i m. J S.") . .|I (jipj . jtliall jlc. Jl CibpVlj tdlljpl 

jj (Formate) cckj Jl ^ 21k j tjliipll jlc Jl (Butyrate) ccl jii Jl 

kjCilill <ial j!Lo ■Cpll Cilklill j)JJ (jUj bbll A a I k jl . Jajajjiai H2 jH 1 
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La. j] jjSjII ^j-a £ jl fu*iVl ^.i3ax‘il 4 i* 4 ,gg x> ^A (SyntrOphic) 

^A aL-a AaJLt-d Adi jA^UI dj^lc-LLdl (jjj .Adl^A^U! Ajj>.iall 

cjsju (Upflow anaerobic sludge blanket) 4dl jaV AdUaj sLa> cd>lc.lia 
aL* <J^ 4A$ .(5.17 dJASB ) J <(Upflow) ^L-a 

^ £J^jJ ^UaJ ^£* £^aJI ^3 (Jc«Ld! 

ajjIja^UI Ljd£JI ^a uj^ (Sludge bed) sLaa. jl jS J>la. qa 
(Jj-a3 ^lij .(60-80 m/h) AjLlI] -lia (dSLjjj ^jadd dJ Jdai A-Lol VL\1 

£^aJ! ^3 (Ja.l^)-a d£L ^)-a (Jj-ali ^3 c-Ldlj dLoaJlj <.(j? j^aJI _jLJ! .Jada 

. (Jc^lLd! ^ja (_£^1*JI 



Adl^Jl AaJL-dL 3-j^lLo c_fl^)x^3! &LloS AjjI^A^UI AaJbcdl ^jumjll djI^Lodl 

dna. iAaUall (jJaialdl id^iftdjjV I j t(0. 1 kg/kg BOD 5 ) " b J}* aLoa. ^Idj <^A 

Ajjlda ^^)3 (J £3 jfL 0.01 £^lc* co^)j 3 t x^ill A_ida^)V! AaLaid ! j cAjj^j ^»^li V 

^ad tdlii ^Ac. .(1.17 (Jj«laJ!) <LIadad! fiLaaJ! diLlaa-d £J^o JP-a 0.05 J 

.(0.35 L methane/g BOD 5 ) ^ jUll JlfLii c> ^ aSLLII jUjU 



^JJ AjjaLa Jdd .Ja.q.xxiJ Ad! jA^UI LJ^lc-lidl ^Jl BOD aJIj)) ^jj 
(jl iu>i ^Lsj I^aj . 35 C ^a A-dliixd) A_a^pj 20 C d-° JSI 
.Lie. 20 <^11 ja. Sia ajjIjIoiVI (jjkLd! ^k jl£ UASB ddylc.lL J^nkl Jjl 
l— 6 Li ua AaJLd Jad UASB di^lcLLa d \a.\ Vunl fc AiV.m a\ 1 JjlaLid! ^As 



^ jjAII ^jjaJI jljJI ^rLd) ^LVuJ d^i d_na. (> 2g BOD 5 /L) £j£^>d! 

j-d Vn Jc-LLq I Jl 5 j .(JC'VLdl ^ Lcl ^.1 A_i 1 aC. 

(Jc.li-0 ^axjjJ La l«^Aj *10 C ULaSlI Aj 3 LaJ Aatij^a djV-^*-AJ 

(EGSB) (Expanded granulated sludge blanket) ^imaJI sLaJI ^Ua^ 

^ja (Jjtakjj tAsliS ^^jlj^AlA Jala. £-a ^C-LoaJ! djLi^i-All JSj dlV ^la ^jJadil 

(^JaLLoll ^3 Id! 3 AV ^a-x-al! L-fl^x-all 6 Li a AaJLt-o 
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OUjlk* 

-jJ 



CH 4 COj 




A-lmlm : 3 • 1 7 

t*Lul jAV sLai Ajjja /ji tSJ^l AjjjaJI 
51 aa-!l fUa £■ Jc-lLs l5 J Jllail Jjioi ( _ # Jc. 
,jl . L^j^all »Lu AjJbuai sJC-Lail AjjI jAiUI 
AjjI jaJI LLuLLii) jUaia (ja jjllfrlaj]l J< til, im 

Ajjja, Ja jjuia tjA jJjmb (JjUaj ^ V! 4_a£lLa 
Acetogenic LjjjLJI .la*, 5 ,w^\, pH 2 
<^a bu Methanogenic jjLiaiJ A^aiaJI j 
Ajj jai Ja jjLJa Ciaj H 2 JU J*jj 5L*_a A 
A ajJ LjjSjJI :SAB . 5f-Li£ jiisi 4_jiAijj 
. (jlltaU A^jlaJI UjjJSjJI :MPB i-m ah 



i Jciij : propionate + 2H 2 0 

— > 3H 2 -t- acetate + C0 2 
:4H 2 + C0 2 
— > CH 4 ■+■ 2H 2 0 




r.UtwNj-v 

J>*/KJ 21< 

AJauljj LjUjjjjjJl JjjajJ SjaJI AiUaJl ^ H 2 1 JaLuaJt jjjb :4-17 JSjjJI 

^J1 H 2 /ja (jllwl] A^jlaJI LjjSjJI AJajuljj Jj^UI JjajUj (i Jfrlij) i-N AH AajlaJI Ljjiiil 
(io~ 5 h 2 _j LjuJaJl qa Iaa (J^Ja ,jUaj Jala . (lj Jc-laJ^ jlitaJI jlfr 

i > »j\SLa La Aj^ui jjLajjj La^Ji ^1 lAjjlj^Jl ILuUjaJI jUala qa AjjIajI diitfrllj atm 

2 1 ji" »n jl^aJl qa 21kJ/mol) 



673 



cS Jrf 3 - 31 JliS' 



t 




,jlkj £■ ii a (UASB) JfrLua ^I^jAV Slai. f-UaC. Jfrl Lai l _ s JajIaij a~u j :5.17 JUJI 

w ~>- -x" oLu 4 _sJIxa] <il! jjj a jS jjJI sLu A A'« 4j.ia.a2l j 

.4jj) jluiV) (jJaliall 3 (4 S54. a" (_jj^]| aLia) 



(jx aa 4 Un 2-i 33 ^ _J£3 (_3 _jA 31I ^-> >2^>g 11 Lot 

l_g ^j^yJaW {^yai AUl j .Ski j oLaa. ^tijl (jllj ‘(N, P) 4jj|iiiJI jl jkl 
si* <_> 4 JI j) 3' (Post-treatment) ^^l-^sJU-all s jkk (jkkj 



4J1 j] / J,al,.G jjc- JULall (Jilui 3° t4_uliaJl jl jkl 

Lalaj “Ul jV ' > 2-i jl 0 4ik3JI-4^Jljua3l 0 j 

V <jj 1 ja!)U 1 jjY cAJjLoJI UASB JjLAk 3*3 3 4 ja/ull BOD 5 

Ijj nS 41 (jl (jAi. 3 Jji / (kLa 50 (J >-0 (31 A jm <1 jg mi (j.Vn'Ti 

4 a;U (jl . jjI / j kLa 10 (j-o 31 3) BOD (j ><A ^_ya 4H jg > > iji (jSuuj 4 jjI_3! 






j)^ 4JL-4 ^Ijjl (jc. (.’’i-sjll (! -35 ojlrsll 3 k Jj_jAk 

Wuujj t jjjk'll -k LilU. j tj»LaiA!)U ^jJLa 3^4 4^ajj . 4jLsAUI CjUJIakil 

V oukhj A //4 4 ji 49 . j Aa ‘(Ul jaV 9 3 ^aVI s<3i) Anammox (3^ 

: c3 ^ N 0 2 N2 3J 3'a 
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NH+ + NO* N 2 + 2H 2 0 AG°' = -358 kj per mol of NH+ 

aIa^-aII AjjI jA^UI aIjLuiI! djlal^-oll ^alia I^SAj 

(Jc-lLo ^k 1-i.l^A ^ j-GJ ^aJ iClujJJ Jl Ajjjj I (J1AXX& J] ^ Jjj ^ aYL 

i\ j-c AiUiaJ * J) A-J^JI jjAj Anammox Jolij ciu^. 

s.h w U ^Isj Anammox JJaill JaI£ ^uJaiJ! .S-LoiSja ajjx^ic. 

^Ic. ^Jj \\ (j^j^jSJI <ja I^joAaja LljIjj ^JaJxai AjY AjjI ^A^UI Aj\a« \ 

IjlA ^al, W'umIjj .N 2 Jj) ^jJJ^aYI l£ J jjl J (jI*Ua1I 

. <al£llJ N A ) \X \\ &LlA LjjI^aV JLu (jl j)^AJ C^JibaJl 

Lai t^JjAjI ^ <— ^Lia! S^aLla!! AjjI ^A^UI aJLxa]I 

A^jIiAaII A-pl^JI — AjjI^A^UI JLall (JjjJ AjuJaljJA ^jL-a-a]l ^9 jl (_£ J^»a 1I 

j> 

9( Ji£l\ ^jJI (JaaI^A (j^a j)l A_laJ^)ja) A_iin]| Ac»l ^LaIaI L»qA ^ i,Wl 

oLiaS AjjI ja^UI aJLlaII J a^IIaII <j^aJ]l J jjA^j ^.wMI Ji 6 JliilLj 

.^jILaI^V AjasLaa olj^l ,5_iiL*JI Aal x^iaII a aJIa xa.Vig \ ^^I^aII 

(lt^J^JH J-**) ‘Luaaa. SUa JJJ& 

Development of engineered anaerobic granulated sludges 
(biocatalyst) 

Clilij 4_ijLoj£i]t ClAe.1 u^ill 1 g Vi n ^ill C1 jLi£^>a]I (j3«j (jl 

jl ajjI j&LUI ,^^-^31 i j^J\ Jlvs V (Xenobiotics) vLV-ill <jj^I 4»nkll 

IgJLLaj . -A_ijl jA/vLI jA^ 4 » jlliLa 4_sJb«-a (JLli, (JlVn I g i^lj tVul j$ll 
( _ 5 lia.j 4^jil S3 c- (jjiluu 33 < _ s j 31 jjVI jl jjinll j t^UlgJI (JjIaj <Jj>>i»II 
(j-oj]l jA lix_j .ClAjSi^a]! oJl^JS A H a oLa^JI ^li^'i (jl (Jj3 CjVI^JI (J^i» 1 ^^3 Aiui 
LJlc. _j tLaLuj jl ^aII (Jil^’il 4_jj A )'* II cjbjlHI ^l_jil jl _jjj)bi‘'l 

.LaLaj (j.^» <a~1~1 \ 3iklj ^ (jA Ji^l e.^» 4-1C-I !>^>ll jl j-all . ^ '!)->"{' La 

0 . ^11 <jeliuflJI jl j-all ^g^^ljJill (Jl"\‘'\l “L^lLall Clll^jlj'sll (j-aj 

CjVLLuj ^-a lillj 33 j .•‘txuiLba o_)Ali. CjVLLuU CiLLc-lLall ^jali J& 
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JqilSjqqlSilt jl Cljl j Jgj J J jl£Ji q-a j ^]£J 1 qj ^JlC- eqjlij 

Jj^L iji* Jc. Jc-lLaJI Ci^ailail ^Ulilll ql .(Pentochlorophenol) 

qVj . ljq-y3 3 4jj| j jAj j £_lqau Jlaj ^lc- (Jj».o^ll qSLalj 

Clll .ll^sqliUl! jLijjl qalul < _ 5 Ji Ljajl .Vtn.n LaJq ClAliGall qJJ L_s!)Ijj^U 4. 'l Alll 
.lnaq!)U]| (Jajj 4 ^ n-s 11 jjJajU ^*£9 Jl <-a^-a J».LaJI J»-nj li&j iA -nj-s > Al 



e-Ulij .4jqjJaxll ujl..Vs».oll J jllJJ Jill 4jj| qAlilll Cjl&LaaJI J djlijlSJI (Jftliu j 

Jfc jajjlqiUI q*a A i^h/ts'u ClllA^A/ qllaill £joilq qSljlij ^liWu A ] a"' a qq^l 
J la£ 4lg-i3 1_J jC-qxi <jjLiaj£ jjj CjljLuus 4"il~Wnal J 4 JUaj^jjjII jLuiaJI qjjiu 
qjj£j jl 4 jjI jA!)UI a Jjj qA/l oAui^l j 44^1^1 4^jq£ 4_jljVI i— lliiaVI Jl^J 4jla. 

.(Homo-acetogenesis) quiUioll jhJih 

fbVl q.^rUi cjlilUs^ jjjLj 



Development of performance - enhancing additives 

J1HI (Granulation) n.iVill J^U. q* ajj^I <li£ll a-liiiJ 

4jc. _ jj ^Jc. lIt*! q-a V jl tUASB Ua. qlqifij iJLa-o ji q ^ . .~i a 4j-aAU 

gqAll Cll qSuall qaq q*a <J-^ (JJ (3° ‘UiUq 4 lisa. 1 Sqj*<3 eLna Jills 

ciili Jjljlilll UqUSull As 4 _ n-yil ^JUI jaqll j^j Ji 12 J] 7 qjj ^_$lqj 

qiLJIj aljlqxulqall 4iL»islj Ji .lia. ^ in*\ j-aj gig Vil (jqLJI q.la.lj .UojVI j-aill 

• ^nall L«J^ J 4j^J> - JP^ W1 (jj-P J^' 4 ^q Aal l -3J' jlqa j' 

jaj giaii Jill ( 4iAjq£juJ! JiLa 44 .nnU.all cjU.}jtAll jj3j1j Jj c5q^-^ '^q^ a j 

(j-a (_pa*jlt 1 g >> 1 » } £-a 4jjt _^A^UI l" \\ in-yjl JaJjJ ^gjll 4jjg -s ^11 aliUjl^ll 

Ja.1 (>9 49^1 < 3 * jjuj A 13 (Extracellular) Ajjla. ^jA]\ cjlqxoljUl ^-lui 
J*- o jjli eU-vli 4-aC.lj djljl .>ia qjjlaj 44j3jjqni jliSI UASB Lia._jljj£j ij*-?. 

oLna allljlia jl 4f.Jull alllqia ^3 4<AiLu a\A ^3 4jij.^ 1I el Xi-v \1 Jc ialieJI 

. eJq^ll 4 , -, . i ^ j . 
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Water recycling 



&U*4 1\ jjjjij SjIC'I 3.2.17 



©Lia (JLaxILujI i jjfLbA cLiaIIc- Ailjldl oLiaII £^jJa ^^3 

Ujj iLdl jjI Jlo ^LuaI (Reclaimed waste water) A^JU-dl 

&Lia]I ^j-c ^-olUl (jl 

&Llg ^t.^Vn J SjlcJ l^-jS aJJ A-IaIiSI <J j^l! ^ (JA 

IjlA (Jja LS^ o^jjjSJI ^jAaI! 

A .1 Ujja. 11 dlLui AjjI .IxJI Jjj-^L^aII dl^lj _33*^ ^li-A 

ciAjjil Jj-a jjI! ^k I L.i^j (Ji^ La 6 (Prions) dAj jl ja^U 

I^a j .P j N SaajjjVI aJI jij Lir^j^a a»1aI iS_j &Lia a^Ka ^jc. 

.fiJLjli Jj£l <jj£j JB 4 A \\x A CjUjl£-oj ^jl jA^UI jkjl tJ.L-a]l 

AjjI*1xJI jI^aII dllc-lLa (Jja 6<C.Ll*^all ^A ol jA.11 ^ ajj jd^ll ^n ,J 

■taJbua *Lalail jj_jiajj Lilli. ^_jii dllc-llakll oiAj -l 3.J_9^_$ Cllli.j>>>Li.ail J jpboallj 
.A ql it .all <alill ^Uaj lg_i A .A i i_s^«all alia jjjJj ajlc-l (j^ I g |5 a) aJj^i 



■Lille. <ill*-a oLlo ^jjll LjjLi*_all ClLlLaxll jpa -cLuilui ^l.’l-s'unl yu t'ijle. j 



■Lljlgj A iljA'I C '1 i 11 t .a £-a 4_iijlj ; nll C it i 11 » all jjJl Sjlc. ■Lhahall ^y'\ ,4-lC.jjll 
i—kllli Loliaj (jailaUajll (jjjlijj (*'l ‘ ^ -a ^.iVL.n t(JllLall (Jjfui ^^1*3 .■LLliaJ^ “LljLljja 
(DCCp-bsd (_JAa*JI 0 Jaaij!ill j»Llaj £-a 4_ljl_jA j Ljj1_jAV 4_aJbua A line. ^_ya 

I La JiLa ,jj .^gjuAxll (jjjjVI jlc- ^I. iVuh Ij jjgJaillj i filtration) 

i— ll Mifi. V 1 CjI,\i Uj tOljilA “LLal^ll L1I_^V1 (_g la's'll lS-JJ^V-* 3 JS*-all hill 

.Ljjg^-all CiLulill j (Antisprout herbicides) 



l" 1 g -\l j l-L . oLiaII ^ya Ilia 280 1 _ l\3*i“n LV _jall (j-a ^jla ^ ’ . .n (jl 

<aJl*-a^>JC. lL 1 _j£l! jSjaJ aLl^ill oliA jJj ojlc-J ^1 4^1 ^>11 Jjg -vll 

oIlJ (j a '/. 50 j>° jiiSI ^1,'l-s'n.il AiC-i LaAic. j . ■ l oLaaJI ^aj^ill LLluliLSI aLa^JI 



b^j^yJa (^Jl JAuU La ■LaLoJI Ljj>^>»II djL£^all ^Ijj ^gJI lillL l_^3Uj .‘CsJUtLII 
■Llxi jj^aJI e'i-sVull ^glc. 4‘CiiiLall Ljj>>»\I jl j-all ^Ic. ^jliall ill 
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liJU. £_jLx-aA ^ja ^jSLlj . <Lq^x_ 1 a dAjLaC' Aj JjjaJI 

L_ 1 ±juUj .oLiaII Sjlc-I Cy* l— fiLiA A_^JLla A a)Vi 1 ^jjjal^JJ 

Ajau^Vl l. Urt'N \j (. ^yilxXiA (JSx!u.1 ^1*11^]! ^j\ jAA^Sl aIjLoJI ClAjLiill L_li£jJ 

A^JUuaII /jl^llaj (jljjl 0J-uli \x u^a cilljA ^jaiI itg aAVujj*) 1 w I J 

. ( 6.17 JLill) Wu 2 \ CilikJI a^JUJ ajIj 

A^U^lISi SI a%ll j 

*~ ~T 

I / AiIj I 

>P~ 1 

| | 



Ozonisation Sjlai 



t J**l < «1 14 

T 



[ 






jiauullj JjaJI ^cllbd yj 4 a a - )JA sjjjiuJI fajaa a : 6. 1 7 

.JiuJUl u& Jjulujj eJjaJ! 4 j]lc. alia sLu oj;u£ CiLu£ JjjaaJ 

^a 4 ja^J jjJI .".I a. tl. Jl 0^sj L^_j] eiA ^ aa .<frUla!l j Ailiuall j HI j j 

ajia^ ijlajc-1 j S jl!Li!l J^S <j^ 4 jjli«A!l j AjjLijiaJI CjLaJbui!) 

JU-,ti £j) jLill ^JA .1 ,AA A \V 1 ^JJJ *^A -S. "' ’ .- k I *1 ’ A U 

a jlai, alia! 4_ajliH 4_aL-t!l CjLi£ ja!I 4j)jV AjjjjJa alii jLa. cj^S ‘(Itl situ) ^ua^all ^ 

.(Ozonisation) ujJ Mk 

i_ij^ail iixa 4 ,-yH.x.a CjUaa^a A 1 aj/i 4 . 2.17 

Automatisation of wastewater treatment plant 

culAjliill 4 -a V . A 4 i -s qi jj Vi a Ia'VV a Ia. a (Jjijij 4 jjJalaaJl ^.Jl ^aJJ 

AjJsLoll ^ya “Uj ^Ac. I^Lolic-l t 4 aKVl 4 jnAlj 4 a 4. , >,11 l" V aV ^3 

(Jl (jxlS jl (DO) 4_uljAI ^j;~> j ^ jj ^ 



678 



sUaJI lJIgII jjauojSVl CjLo^ ^Vmn j .(Redox potential) 

jj . il / ^Lg 2 L_l jlflj DO jJjoi-g ( ^Jc- ^ LgJ AiUall g"n»l (JjfcM 4 

^^Jj-gV^ 6 Jjo^I (J1 jyl^J 1 ^6 .La^V I CllLai^G ^Vum* 1 J . Ajj^La]! ^3 

c" oAA 6 jlnudl lIjLi^JjI JJjoiI J . A_iLalLjj!i]l Ajl3a]I CIl^Ic-ILg Cljl JjJI <!l jjj 
^1 j-dl j t, (Jjx> Vill Clali!>LlkVI <■ V Ig-jV tAlLlj aIjLuj ClAd^ (jLo^Ja ^ 

^iL<uj aJL^J! AjsI^gII CIjI j^j'ii^)jjail (Jx^*n*n J ^ r^j tillil . A-aIax!! s-l^l jl <LgLuJI 

^ Vl dj\ J-SJ'll JJjjjl ^)3 Jj Lg-G 6^)jlxll £$ jJJj Vi ^ il-Gj ^1 cAj-gLajJ A-ijLal^. 

Ajca^gII CllLiLiJ! (j* I^j-gIuj-g LgI^-ujI c . l\Wn A_lgLaja]| ^iL<ull ^I.^Vnul (jj . Aj^-g A_JI 

. ^IjuolLojV I aJ^jojI (On line) A_ijliii]l 



(On- (_£ jjill C AjLu]l JAg VVl Ax-a^)ll JJjlaJ 

daa cJ^j aJjLJ! cijlal^-dl A_ic«^j j aJ ^jjAjS ^Ic. line) 



^LxjoiIujI t^llljAj . JjxjaLill AjIS^) ^aUaj ^JJ ^aL-kua CjLg ^1x-g1I 

A WW.all j &Llg ^ BOD V‘i ih *bVI iSjj* 

j£-uill) AJaxildl ol^a^l ^3 Aj^_^-g 1I djljjl^ll AqViA^Q C' )\c>jAyA fiLili 

.(7.17 



.3^^. J (jl-GjJa ^3 JC-LalJjal ^IjUulLalVI (j-G (j] 

tJllLdl (Jj Uti ^^Ic. .Aj 3 jJj-g ^)j£! A_^JIx-g (. 1 jl jViJ ^)j£l C5^^-9^ 

AJ^jj1Lg]| cLg^JI djlix^-G ^3 (jlajil] ^^aJa^jaJI ^)jg hll (jl s!)lc.| 

^ 1H>|\ b <'lVl ttd]j ^-0 t(jlij^]l oi& (jl VJ (2.17 Jlill) SUaJI C tliJ Ijui. 

t Aj\^gC» ^.1^1 Ax mxaijj 4^Jaj Lg ^ 

^C.Lujj j i ^r^.^k.SI Ajjjill ^jIxjo lIujVI 

A.j.^.,1 jl jlu jV 1 ^al^Jjail ^j^-GJj ,^J^)-g 1I 1 g >Ml ^lc» 

(_]£Ij Jl A-jj,g -^^,'1 diljjl^]l (j-G ^)!^)SJjujI 



^j-G 0 Ai^. A_l c. jj ^5^ ^ ^1 t(Bactrivorous) 

Li j n^;!! (JiLo tojLialt <jjg -s ^11 CllljjlSill jl^JaV jl kAijljaJI diLilaill 

.(Sludge bulking) k^u-^-Si al^J' 
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Digestion of organic slurries 3.17 

Cl Jjj jl 4^ L-flj A ^l SLa^. 4»11jaj 4^_£jjJaxJI JaiLoll ^Liul (jj 

^niaJ Lc-ljjuoj Ujjaa ^all*JI ^ja fijjj£ *133 3 cLjCjV I 3 ikl 4djU! jJ^JI 
j3^kjj . 4_1C« I j3^ LS^ 0 Jja 4 AjCjIaiII -s. >\ 1 Lk Lk-v 

CIjLiIaC. jl VI .4 j 3 j^JI dLiaJI CjjSj c ^ nxnji oCA (j-al^lJI djLlaJa^A jlcUl j)A 
.$*U£ll L Qx jl / j <Jlx]l <al£jll ^Lxj (jpjx^x 'I J3^)Ia1I 4_^JLxa 

^A A-ill 11 6 ,Aa.o)VI J x^n'l gLia SLa^J 4ijjXAll ^^LxJI 4_i1aC.j 

4 4j'a»11 6 .AA £.IjjI CL .^Jail^-A AjjIjAV CIl^Lc-ILo ^3 3^1 jA^lUl ^a-CagJI 4j1aC* 

j^J jl (_]£_udj ^3121 jjfLj Laj 3 4^g j)j^k\l jLill ^LiiV jI jaII jA X 50 j^j 

^3 ^ jj^kll 3 UJI ^Lijjj A-12k-J^)ll J ^.IcVI ftijj j^A Jj . I J.Q'IujJA 

£a <L£jLaa]Ij 4—flj*^ll gIa^. jl j)J^k 11 jIajaII ^ 4_lajajljJ 4 jjIjA^>UI 

j 4^cJLoia]I Cliljlij (Jja 4<Jjl.liJlj 4_iC-ljj3l *Lc.l u«oll jA A iln^H CliLiLaill jA /20-10 

jA 3 J Ij3>-°J .4jj1j]I Cllljlajll jl jjaVIII j 4^c-ila]lj c4-ijV,^n^nll ClAjlajll 

.4jjjjjI jl.lL &CC- C 5 ^ ^3^1 ^-Ca^JI ^Vu>n 3 ^ 3' 4jljaI jll CIjUaIaII 
JjA^j CllV-lXA ^^3 (_£ JjJaxJI -L^Ia]! < 3 ^ ^ InL's a !1 CIl^Lc-UaH (Jjjualj ^aJJ 

jj£j jl c . ^>J 4_lV j-j/ 4 J*^a JOa/ CjLj j >• 5-2 jl 4 4-.CaA:fCl a 4 jA^k^k 

.(2.17 Jj-^JI) Aqjl^A^Jl CC^JjVlll L^C.Lja ^.1 ^aJJ 3 I 3 ^ AjIAa ^JjjCaxJI CIjIaJjoi^JI 

4 A jauaUAll o\ A^kll dlLlij ^3 La£ 1 ‘ 1 ) In ) AjjjJaxil CIjIaJja^JI 3-3^ *^3 

Clalijl ^a.^Vutn t^ll j] A yf^j • X 90 3j 3^^' La jj 15 33*^*^ 3^^ 

. JS 1 j ^La jj 60 31 3 a»j ^ 3 jIajj 20 c> J£V (Retention times) c-liii^l 

Jaljjjl cil3 4 L^ja .3! jA^UI ^ajCa^JI 63^-^-l ^1*^1 Cj jfi S.1J.1C. CljljjiaJ 

^L^s <3^ ^^3 3^3^ ci^ 3 q/‘n*y 1 (JA3 (jc. ( ^Sj]jj^j^ji ^.LaiiujVi 3^3 

CjUaja jaJ 3 ^ t(Jc.liA]l ^3 4 3^11 «^lj-3 ^cjJa S^Lc-jj 40 ]Lxa 11 c_fljj^a]l 

44 3*^11 *^1 jaJI 3 ^ ^ *■ 33 1 j . pLa*ji j^c. 3 j L^i 

4 (^. 0 ^ jl) Jl^\ Jc-Lsa ^3 1CA 3bkJj 4 J jiaVI 4 _iL-^I 3 q/nnV 1 (j-<»3 3) ^3^ 

. jJt..x^aV 1 ^3 'jJ'LM 11 ^LaiLjjV! (>3 4 > ^ u*n ciilj j 
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^3 A\\aC- Jjiojjj (jjjjai^J \ >«ojl (JjS-aJ 

A_^^p AiAjjufo.ii (ji^jii j^*-o ji ^ij i^iaj 

(j-o o^C* £.ldJ ^Jj SjljaJl ^3 •Sj^2kJt 

dA^^p ^ic< d* i (jV j . cil^Loj^]! ^s c5^-j3^ *Aaui1I a_^JIjla1 I.aa 

4 dAjJa^)A-a]l ^j-o A-jll^. A-IjLoj CllLjtaj (jC- ^pxjjj d^A (jli 4^ic-l 6 ^) 1 ^)^. 

^-c A jaJV^l AjVn ^3 Jjaiali La !^}Jj£ aJ^iajjjILc ^jJa^JI a J)^^.V 1 £>L^. 

l^^-daLall ^3 to3c. d '' djkji 3a]j .(8.17 (Jfidll) Ajjl^JI d '' . dij^odi 
A-bul m-sll j adll Ajj» . <-~i 1 g ‘u> tljuLoi ^ 1 . ,n; jjl jjx ojl^>aI! i—ia-oll > ^~»g 11 
H 2 S, du£ All jV djd jibl! /jjla ^I.Wlml (j£-ajj .H 2 S J NH 3 J-U A_il*»a jJjJ 
dll ;qli,o (jaa. (jjjjla (jfr Ajj£j AjLoC. i—iULI (jS^oJ t(_£^)i.l Ajalj ^ya (NH^ 

.(JftlLall ^ idlljlill J\ (jda .XVK 

SLaa a j^al Jl A..' uiillj (JS^I A K>* .all <jj£j 39 

^ jLij ^^Jl LaAjJjJj jl*_j ^IiSi P j N aJj£ (JJai ^3 ^Jb t^aj^all 1 S^j^slII 

oLaa (j-a '/. 50 (_y± j!i5l (jj t£3l_jll ^3 . oLaaJI alio ^..a . .--} Lo (jc. ^^jolijjII 

^^Ic. ajlt IajJj3j jlauall A_djU]| aJj.o^1I ^jliaJj iada^JI s.l±jl IaaLo (Jidij N 

^JUall ^-3 N JJ> Alexia (_2>a X 20 Aiwd ; -.g > «"' jjl jfLu <^311 1 NH 4 /L fl JC- 

^jjjIx-aJI Aj^LiJaj (J£Laui djLj^i-All I^A \ Utn 

^Sj aqU 61aa 1I ^^3 djLj^All /_5 jW/a A^ol^jj-rfa 

X 60 J3 Ajl lj^.j jjUa-ljll {J)'^ x ) (jV P A_iuiiilj 1 o^ijl JUJI IaA 

^3 A^Vi^Sjq djL^^Lc. ^aJ J13 J . ^A^UI ^auJa^JI ^.Ijjl dLo^Jlj P {ja 

l^l.^Vutil Cl..i3t Vaq 4 CjL^LlI! 6^A Ail£j ^jl V] . LjjLua-jS P l_Lujjj ^^jJaLJI 
^ n> JJ^lj^il ^ JJ^JL L-ljjoajllI (j\ J-lljJ .Ajlx>« 'I AjuJjLaA]l 

-lj^)^j]l AijujI^J aJI jjl «lC.LaiJ J13 AjJa^A^ll A_^.^)J ^-lij^l 

jjj£ ^Jj <aLjaLj a-LjjjJI <Jbll5all ^j^rajlqj (Stripping) 

(Buffering) A-jjl^-J aJI_)] £y* 1 $,\xha aJjLoJI dAjlail! aj_^j a 
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_jl -lidil ^Xal AiLdLl AiLja]l oLa jjali jl 1 . s-\ il j5 a ; j . AjJ&IIj A li i'i^JI 
j^ .lldJI J_jda JL/L A 1 1» II oLaaJI (JlLa J j-daaa (ja Jdajj t^_jda JL/I 

i SjJa jj . .1 Vi _jA ^J.1 (— Jjluil jllljA (Jljj Vj . c_J^jai]l oLi^i ^Ijjj dLLo-a 

.CO 2 AjjiJj -J Jill JLld ja (MgNH 4 P0 4 ) dlijjluJI ( jn . i j 



(Aerobic Jl jaLUI jl J jJI \ndli Jia aJUJI dlilaiil jLaj 

J ^dwJI iaXcJI dLJall <> jAvil i j tanaerobic stabilization) 
oLa^JI ja s-Lall All j)/ A 45 ' 1 Jlj (Oa-lafi J5I jjja .JASj AjaLljjui A q\5'i Jl ^n^i'i 

.7. 40-25 Jl Jdil X 5-2 ja 



(dLajjLM jjJaJ J Ailull AjjJSI Ajliall (_g, Will ja£ai 

AjjJII Ali<2l oLaa*. ja J5I ^gda^a oLla ^ jjj ^-od Jill dljl»all J C il -s'nall j 

ojlj^JI ^llil Jc- Juj*j bjld add dl jjjlaj (jjJaJ (_£^ajj .“Ldijli]l A_iajj^JI 

( 11 A" 1 II A jlaC. (jl .ebl Jl aball J jlljj (Ajjl _JI A Jl » all 2au La Ali.^a (JUd 

a.dl j A 15 »»a lillljA j .AjjI jaaJI 1 J jll dl 1VL1 (ja Jl Ajjlia ( . lU-» n aAA A_i^aJ jJI 

1 Jill (A£jj51l Jl jJI jj (J Jis (AajJall oLa (_pa JA*J (Ajlill A ml 

.ad. dll Li^ a J JaaJI 1 iSjj 




AajlS a I J iBOD (jatLiil jladdl JL ^ a A'- ,,1 ■ (j ..a <1 g-L a a aL ^uij '7.17 Jaall 

(_5 All JI^JI flfijl Jl ajlduiVI AStdl AdU all Aiaaa Jli jl JjS djadl iL Ajdu 

JjVI jdiail ,(i Jajdl) O2 Jd jj j djja Jaliijl Jl jJjj AjadLall SLaaJI jjd 
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4aLuia {jjSju jii , ^*. ..* a ail ditiilil! JaLuu O 2 

BOD _3 BOD 5 (jjUli jjikSft lift ^hVmil . AiL&ail BOD 4 ja£ i (jia^aJI 

J '4-., „l ,(_j j j 4-iaJaj all (IiI^IuiaJI *Li jI&aj lilbj 9 L 1 A 4Jj& <_yS 

A*5J <ja L^-iiC- J.-^^ ;* t£ (jijiJI ** La) .^IuJaH (jljjai J.SXA labial BOD (JaLSa 
J2 IiilaJI a laJL mj 4jj£^a]I tliUJli!) JaLuu (ji ^11 jjaaj uliilsJI ^ AjjIj 
(jl .i-i 4 £Lu3a 11 a La 4jjfr ^ ^La l-i£ja • .*;■ ■■; dJjj (ji^aVI j W ‘ A ") 

(jjijj]) fji 4jaauJI J_jx£a JUsjV CiliblaA .1 ..I ( J) ; ^Jt, A X..II AjiiLJI (lilflj^lH 

*\ w*.. (2)j t a a » * * H Jj ^ S~* ' 11 A (JLaII Ah^T ' 11 ■^' l/1 ' 1 ^ w 1 ' V 'J ^ 

SLiaJi AiUiaj (3) ji ij»Uj jjfr JjLui g-a 4-jLuJI 4JajLLuia]| aLull uL&j j (Buffer) 

J2 l£laJI £y» VJj J|ja ji (^jaijaVI »' laJL> ul JalLiSI jjjxj 4 jxj 4j j 

.AAiijII 4jaJI IiUjIUI (JA J jii £)^ii JaLuli Ajujj 




1 1 ^4-^1 

jAaJI tjUjlil] (Survival times) SLaJ jj! ^ Lijlail ^Uj) :8.17 JS-I21 

a jl jaJI 4_^jJ 4ja-u jm IiilfrlLiJI A aV.A. . 9 j| CiU.jji jaLluaJI Ajfr 

,j-a 20-30 °C ^j-Sc. Jaju jjjLsaJI aLaa. ji iLjjll 4 >lUaH (Mesophilic) 

.IaLsj ilujA^UJI J& u^aio V iJalj ,y» (Retention time) e-lLi-il ujlijS 
JjS ^ ‘55 °C 1 (Thermophilic) SjljaJI Sjiii ja uilfrliAlIj 

,j»Li AjuSoa (JA f. ISjAl al QAJ J*J iLaIjaaII (III lll^ll ^119 
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(jjiULa jAj tJjAfrjJI Jlaca .AjjI jA^UI tl£lclLall £y» *■ iHfr a £l jjV »j * ■ x* jjjlxa 

AjjjiJI <U1 &)I (jjLja! * t « t »- ■■; UASB tittle lia j-a Uijj^ <jj£j «« " afli£ ^Aa) 

AjjaaJI Ali£]l jjSjj IjJaj ■ 4..il><aH AJlaJI tlilclia ^ £Sjj^j iaLa.fr. II clLu.i.fr. ^ 
afli£ JjjS ^UiLj tLlj-all ai& (j^ <Ualifr^4l tl£l&LLall LljUu Vj .^JUJI 



(aLjIs AjLiljjJUA f ILu-J (jLajlj jjiuta Jlfca till i l^JV) 



4 . suit Jfrlia 
^Lall 


kllfr * JclLa 


(l)UASB Jfrlia 




A altall tliLliill 


^ j^iaxll (jJall 


tjj*tall alia 


^dbcall JjLuJI 


200-400 


50-100 


<50 


t J t_iL^ill jj^jj 

jj] j tJfrlLaJl 








*Jt£ i (J^X-Q 


20-40 


2-5 


10-30 


\j a t ** tl \ j 1 y->r. 








f. jall/t, i» 5 <i 


10-20 


20-40 


0 . 3-1 


^ LliLolV 1 (j-Q ^3 

(fM) 


10-20 


20-40 


>20 


^ LaiLoiV 1 (j-Q ^3 
( f U) tL_iL-all 



.(upflow anaerobic sludge blanket) acluall jjaall u|j Aul^aiUI SUvl! *Uae (UASB (I) 



Treatment of solid wastes ^uLal\ £&L 2 rill 4 , >U» * 4.17 

^al^klill dU^S>j t(L.3nd filling) &jiA j 4 A n» A 

.(Incineration) "jjaJL" J (jjl^ ^jL ^ 410 

<x-ia^)3 ^)3 Jj V tg-jV 4 <U£jouJI llxjjLla ^aJ 

J±a ^ i^A I^JLaxILujI jS-gj jI (R ecycling) JLa*iLajl sjIcJj 

^)JC. <L^)ia lg_3l .^Jj . ..c-liill jI JAJ cAj3jj3! j t 

Lo CjljUil aSU^I! ^L^^Laal 

^Jj AjjouHj LqI .AjjJI ^ ja \ J*a a\I ^ja ^ja -lc.1 x^Vn Lqj ^joi^)J 
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^^9 cL^Lo*1LaIj l_J ^)JC. 1 g \x “>1 Ax u^iSI aAAj tlA^. Aa1£a Jj^Ja 

.AJoii^l cjUAaII ^ ^ J£I jjjj 250 J] 100 U 
j\ AjI^L*JI A AftYiS A_x^aL^. SAaC-Ij ilWn Lgjl A11 a ^ic. Aa^a Laaj 

. a. lull aja^-oI! (Flue gases) ajjIaJI a-gaUI Ajl^lill <jA 
J^I^a ^9 (jVI ^aj cL^lj^j aKIJI &a^J <. t umiVI (jj 

(Separation and Composting) .kklL Jkjll j Jj*]l ajLjL ja tjjjuull 

300,000 100,000) (JAA ^jljJJ AaSIc. Ss.li£j <Jaxj A^a/i AjUa^A 

AaaIa^}a9 (J^C- AaIa^j aAjuAjuj ^uAajj C5 ^J CIaIjIaaII <ja (AjjuJI ^9 Lila 

: AjLUaII AaJLaJI aI^aII ^L^^LujV 

. s.Laj aI^a£ ^-IjaI ^ (Ja^ ® 
.AajAslaJI Cjlc.llx^a.11 ^9 ^-Llll • 

.aJIc. AjjI^juj Aaa9 CjIa jia'i (jAIjlaj ^jaaaII • 

.jjjll Ajlc-Lix-aJ ^IjJ (JJJJ A_iJ jAjl£ jll • 

^Jjj (Compost) ^-SLxa aLuuj ^ jAa« SI JlaAil aLIS aIj-o • 

.Aaja^. AaI jlc. 

9I^)a]I aI ^aII (JaIsa _$A ^_ja]I lAA ^ja AjUa^-A $.Iaj c-I^j IaaaII (jl 

^)Jajl . IfLiaJLj IaaIjAj ^LaIa]! ^9 fcjjLij ^aJ AaI 1*>"\ a\I &AA (J_jl . L^9l^2kj jl LA^<Ja 

(J£jAj l_ia.^]^AJ \ g \jl Vi aI _^a]I ^ J} A y ^ (jl Lajj «(9»1V) 

£&] Aj.IaC. ^jj . L-aLk LaLaaaI AaaAiII gAA Aj^)AC.I A99 I a] cAJj-a]l AjLsLilll <ja %60 
Lg_i9 ^aAA ^JaLla ^9 AjlaLA AaIaC. Ij^a^, a11aAia. 11 Aj^AaxJI 9l ^a]I ^ja ^IIx-aII jIajoiII 
Ajj)J*s\I AjLaiVA]l j\ c^jjLl^JI AaIaI^oj A^l jkj AaI j^jJa^. qa Ajj)j*s\l A-gLa^II ^.■a.'^. 
Llj AAL-all AjaIJI AjUILaII ^ja ^JLscaII jLajjJI IaA ^ja^aj ^jaj .^ja^C-j J£Au 

AflA^Ja]! IaI 4A9j^)*a AjAaI^a AAA^Ja ^A ^aI^JI .AajIjAV A9A^)iaJ j! Iaj! jA 

.((3.17) JjAaJI c**il ua l^J j IaaA^. Ajj^ia A^9 AajI _^A^UI 

^jl jA^ill j ^ajAa^J! (j^Ia] A-ali^-c ^AaL - aJ ^aA9J SAaAO AjIS^)Aj AIIaA 

La ^9 \W 1 g j AaIa^a <_^Aj cAAlx-all AjljLaAlI 
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. Jil JS1 400 Jl 50 o- Jtli-ll JijJi j jSjS • 

J <jjla 35 Mesophilic 4J.£*-a 

.(Ajjla 55 Thermophilic Ajjlja. 

jl a-laJj^ aXoxHumII (JaJ^al! JiC. • 




Jijjjj) tjljlfr cjLlilil jjJljAiUl jjaJl J^xluu JfrlLs : 9.17 JSaiil 

IgjLu j£^j . i AjJIjj££ 4iUa aJjj AjjjaJI Ciljlill £yt ■ ''«*. tu . JauiSjl /jllutil Jwa 

Ajjj^ uLllj 4jj£ (jj ( jja 20000 S jJ&j 4jjLua»j AJaa-aJ ojj^a]| . LjlSxuall ^11 

sigle - phase - thermophilic soild AjjI jail a-VU-CI t> il aja j- (Biowaste) 

AjjaaJ! CjLlijll £>* 8 jjita » f 4 j Vi all jail £)| .— State 

j >j a a'I 4_L4jjjaJt CS^ jaJI ya £ j_a21 4_ila S- iJJ^a till 3 Jju .JjjV HI ljIJaj 

Jclilal! laolaJl iiJsu joiaj . jlaJC (jiaJ! Jj Jjh jfc illjj 55 °C J>-aj Sjl ja 4ajJ 

u"4' ^jlc. Jjajall tjjaWI L»i ^jJc 5 j$2aj 4 *j4’ l) 6 cr^^' 

jlIL AjJa^l ■ *‘<M /Ja JS .jiT t-i y* ^11 JfrlLall ^Ifri (jjt AjjjiJt uljUll J1L > y() 3 

(9 m' 1 tf i LajJ 16 U-la) flLluit s jjS Jju 250 kwh Ciljlill (ja UxLa I jla 135 

hiogas/m'/day) 



686 



,jajjajl> jjllfca jbua (jjjSal iaiiJLi Jiaall 


£jjj 5a jUa :3.17 Jj-laJI 


i^jJaLAL jUaL (jLSj .llai <_>aA J ^Lgall Jlaall ilalljAVj LjIjA (Composting) 


jjj 4a*i c5ajjlA jjSi jlaill |JA 


^a«ai ^1 jAHll Jlaali 5a jIajVI Ciliual jail £a <j£l j 


CiU.il.5i.il (ja (jailaajj ;<Aalj 


JaS jAj jfcaaj jlSa ^Uaaj tjlia ^ISa ^ 




sf. li£ jj£I Jjjlaj AaUajall 4aa jjjaJI 


■ii! jll Jala.iL ^1 jAV JlaU 


jJjU JalaJL Jlaa 






(Li)jft) (j*ijaajS 




l>5U] jjj^ 75 


(jlUl jjjj 60 


AilSSI 






4 \ ^\*“< uiaI! Ac^LaUll! 


^ 5jiUa VV'j 




Aii-Lal! £aQ (J-aLtj]! 


A mi\ i i^Ujuid 


5KCa 


4c*b! jl! 




Jl^J! A*<n. i j)^!! A_iC-^j 


<Lla 


A Uul ^JjalLAj^ A_lllX- 

(aJIc 




SAj^kj-a ^)4C. 




a_lojj^)^J! aIia^iiI! 

AjJa^oaoj! 



4_Ja ji| Ajjj^J! J£J AjjoaJ! lj! JliJ! ^ a] jIj AiUai! ,j-a Af>LuJb Ja! jL£ 600 (!) 

AiUa gtoL J^aul! (jA %33 (jlS AjjIc- 4l ja-a ^ <JjjaJ! AAijia ^hVu*ib La! .(AJjL-J!) 

.A^LuJL L!jjL£ 200 jLLoj AojLj^£ 

j! D RAN CO <jjI ja!>U 1 ^ g . A xtij Lq jA ^-laL^ajll &.1A .1^.1 j 

<jjla 55 — j oj'j^ (J-a»-iuij (Dry Anaerobic Composting) 
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(j -a 0^.1 j “LLw^a ^2 jj] ^aljC (200-400 9/1) (J-C- 2_^a jj£jjj 

. JAasLII 



^ Jiajj Igjl IjC La t j,aL)ll <aj^i 4 AaLLaJI ^ A g \\ Li <1 Liljjall oiAj 
jjjlLaJ CllLlclioll lg-l 3 i_Sj^ i"n*\ 4 gjlc jL.- 1— Sj^ia CliaJ j Jjli-a (Jc-LLa 
(JaISL tJWlil ClAiLaC J» Vi oLa CllLlcliall Acjjjjj jl-lia (jj . ; ^Jcl 

lg2^)»..U.iU ^liil Laic- (jjjaaiC L/-1J (2.17 J jiajl) 4aa2 (jjC_jAaal ojj£l ^^3 

laliJI AlLaCj ojl^pLSI Aa.j.i ^^A AjLudl oLa ^Lij ^liLa (jj. ^).aL>ll ASJjIa 

J] ojjailia Ajj 2 I Asl^abj t(Jcli!lSI £- jjaij 4 _ s j] I jJjJLill A lUc (JLli. l_ nW’lll j 

lj^4=»j 12] (j^ J .(10.17 L» Li'S .all ^>lajt) * SuiiL f-La 4^.LoJl (jj^J ijcliall 

s^Lall i a jqV'l *L4I l^a ^1 (Wet process) AahjJI CjUI«JI ^21 

Ail^)la]l oLa (jtj t(JclLal! Ji.1 J Aj^la J j (JSLaJ JaLLall -lljjjlj 121 . s-i a]' 



j L '- V. \J . jjjL % i (JcULLl ^jfL LaJUC <ju<aLk. . j_L£ e-La lilH g'hnl 2 K , : ' ,- 4 _iJjj 
(JclLall ^j^a Jjl jjuJli iL^>1l 2_jLL3 j^jLiAiSlI ^jSjj Ajj» . 

to^a (JS> ^3 0-lj.la. » Lil 2 j-a AsLUal jl £^a idll^a 0.3*2 IAjJjSL jlaJ 

.(10.17 Jlil!) J-Lca Jf2j 



(Humus end - product) Abigail a2=.j}' a2Lj2I ^jI jilt ciLSl oil 

LaJ t ^2 jbll (j^s £alj]l 0 ui^ua^£2 ^ya l jl£l Ajj 2I (jibtjV o jlLa^s Lg_jLj 

J^La (Plant germination) lIAjjVI ^ic. ClAjUill (_ j-a^j 

^£JI (JIVaSI \u*W j . 

0 jLlll Lc. 1 uj ^lijjV Aj^ojoi -il j-a 

^aJJ t ^) 4 j 5 i>J (JbI ^^LoVI ( 3 -0 (JlVllI (j-Q 

.(10.17 JLS1I) 41 a ^Ul JaiuJaJj J . .an 1 La^jc \ g *1 ^ 

tlllijl£ Vj ‘“Li^JJ (JadLiiJ 2j jLa JjLj lS 1c. ^jiaj V ^1 jALUI (_yu Jia jSJI 

.^1 jgll (Jclidll Aj^jlLa A n>i^a Ajjg ~s ^ 
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Aa^ jjj ljUAj (jla 20 000 £jbu jAV Jaauu jlua- 4 ] A.jIaC- jxuj jakvA \ 1 0.17 J^LulSI 

AJlax SjaIj A_kj»a ^ualA ^ S j^jjLla diLlilii AjJuu . Luuuij t jj j^Luj j JjI£ ^ bjiuj 

CjLlilil qa (jia t55°C Ajk JafllAA t(ji] /Aalua]| jIja jC- 300) talua 

jIaj (jl\ J! jliil Jj^kj >2 j X 60) jla ~ 150 A_Ja j]| 

(j«a Ajjljai! ujblilll f\ JaJLui Jbu . jUJl ^k J-axj dja-a ^ f Lj^£ ^Jlj ^ual^JI fLa^V 
AaoajtJI f La] A.j^jIKjaII AiijVI f UjI A^jLIII AaJlxJl oLla]! jj-vnl ljI£j^a]| 
(jjjLuji 1-2) S AlaV Alataua ^1 (jl] / A. .vka.ll Jlja ^1 j& 500) fUIl £jjia ^jjajuaSI 

Jjauj ^k cA^jjill jjl\ ^UjI ^2j dua. AiHa^l J^Ij-aII . JL.lllj A^axui sSLa £lHj AjjI jA 
pjj clua. c^aj]joj ^ f 1 j^Jl ljLjL&j %-a t^lj^Jl Joauu]| JlLaII 

.d jjUo1a]| Ajj^uaxJi ljU£j^]| Ail jl 

a^I^jj t'jutii Aiila VLa^J (jjj jj-a jSll (Market value) AjjtluJI A^jq'l <j] 

. a \\x a dA^LaJ aIiaIj J^.1 {ja a^JIa-aII La CjLiLac. ^Ajoij dj^LcLt-A ^Jj 

j| n/Vn ^ jSj A nx x> Aj jg -v^a c.Li^.1 AiLjaJ Jjj^)Ia (jc- a jlc. tilli 

^ 2 kj.\] Aj >^a g.Li^l j\ Mycorrhizae ll£ cjH-iill j-aj a n» x> Ljj£j 

^JJJO L^J •ijl&l jjjixJ (jLoj . (Biocontrol J microcontrol) ^ja=JI 

4_p». CIjLijISJ t Lai (jjfL) v'~ t(_)j_jia _j^]l ILa ^j-a .\iq“un; jjl 4jjLa]l i_jjL1I 
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a J cXenobiotic jI^a]I (Jild dLiLaaJ SaiLq 

. I g \a (j-olVvIl j fijlA .bI^a]I (jLd.t.jl ^Jc- 



Treatment of waste gases 



AjjU 1\ CttUaifl 4+1\ ju * 5.17 



-lajj V Ajjx^iC. J)l j>a (j-a l^-iB S- 3 ^C-^-<JI dl jliJI danVi 

<J! 1 g ^ U»» -A J •jsi jl ^ ^)!Lq .1^1 j ^ Ic. lA 

dLdl (j-^^Vljj cLo s-I^JI d jh ^Ax^±ui .aJ^j-g jl AaC. 1 u^a ^pL-a-a 
a I ^lill dl*ag a\\ <j-a (jAUall (j-a jAall A -^C.^a]l ^jIj^II 

dl jliJI j)-a $\ j^JI Ajil j ^ ^ajSJ ^^j]l A^J^^J! dl^d^Jlj ^^iU-sa-alli ,lg jlc. 
a jlA AjjojLujV I aJ-iVv'I j . ^)Ji£ (jSuula _j^iajj jjV I (J^A-all e- 1 _^.l ^3 ^jI j^)ll j 

<j-a S^c- £-l^jl All j] ^jic. ajjla Ajjg >*a dbjl£ pLajj A. dj ^^Jc- Sj^flll A, iiqvil 
.Ajjlc. aIL^. ^ j j* jl (JJfl jjSjjj lg-La jl£ La SjUJl ol jUll 



a jLJal! 4 jjJa*JI uUS jaII 4 JI j! 1 . 5.17 

Removal of volatilic organic compounds (VOC) 

(jj^)la£ <J jUI dll jlili 4-1 jLjjjall/4-1 ijl i.ai 5 \l 4 j,\ll?l\l 4 _La'u*-jl (jj 

^»i 3 l CjUJ;^ (Adsorption) (J^L^jVI J\ (Combustion) jlj^VI 
4iijL jl_^ gljj j aJIc a 51 L ^ll g n .n (Activated coal filters) JiLJI -LuidJI 
ajc-Iu^lII (dliiUjjVI djjlill jj£! ji .(Secondary pollution) 

i. lU-i"n ^3 dlljlill o3& L3d^J .100 ml/m' Jlloll Jj ■ - j^Ic. 

(jjljj^5/l (jl (j-o ^ j!La (J£ j^JI (Jijfl (jl’n^ll (j» IjjJ 50 Aa\_kd=i) 
(_yaa j (_jjkdj (j^ (jLia.'yi a ^3 Ajjj^II di!)t&lLa]l (jSdiij . jLdl£ (j j) 5 j . n 

0 2 _llj <lla^JI ^jjl^^JI ^-0 ^JjjLqJJ VOOS (jl AiaJ^)jai (ddo^V! j!Lud-C 
JlVlII AO^)jaJ (jjj l«BA .Aj^*-a]I j^-<JI H9O ilj 

l^-\.\.d CJ jl 3 -a,xtll fijLJI 
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c J odiLS : Quickly biodegraded dmidl i j* • 

kjj^jajdl jjaUi.VI (Aldehydes) dUdVl j (Ketones) Ojidll j 
.(Organo -N) d jdl j .(Organic acids) 

JjiisK :Slowly biodergarded «.gdadl c£j^=d' Ca±AA • 

ddidl j 4 (Hydrocarbons) dU jjjS j tPhcnols 

.(Chloroethene) (jdljjjMS (Solvents) 

:Very slowly biodegrated Id. c_sj^dl dddl • 

kjjludl dU j ^(Polyhalogenated) addall did*. jllgl£ 

.(Poly aromatic - hydrocarbons) Sd*iall 

^jC. I g d An (j I (j£-aJ kjjliJI dlj jUI (j-a l^)jd (jl i^y> 

tlillaJ (jl£ j l^JLa*dul j tojlA 4-j j; J \l dll *s. (JLaadul (Jjj^>la 

. jj AVi jd tiBil tkjjldiil 4_i*.U]l kjld. \ g W-s ; jd (jV L&jj 

. JjdLj Lg ki LilLa. kLa*Jj-All Aj j <J jL) jjall j jJall (jV L&J 
4.1*. <d “CaJlaua] d^lclLall <j-a o-idda ^d _jjl 4" Ua.^i diil 

^iajj d_jLa]l 4-.il.>,.iij (Biofilters) kjjj*JI dU. rj^all (11.17 (J^dll) 
t^j^ajH! Jla - (Wet porous medium) JA^ JLa JL^j (> 
did t _ s dl kA^idll -dal djldll A -s >n‘iVl jl t(P63t) CliiJI c > LlLj 
IjlA *! k. \\x) £.Ia1I (_ja CljliJa ^9 6 «^j^^a]I A \Wa'I 4_j^_^»a]I 

15 1 J^Ixaj jlx]! iSj ^ J L5 lc. Jajal jJ! 

^a 1-3 m 4x.lijj! (JjAajII l-j^U^a!! ^jl ^ txj I^Aj .cm/s 

6^-liS jli t^^Lnc.1 <^11 1 “ \\ ft jJi 4-idilllj LJ 10 - 100 s— 

0*1—0*25 kg (Jja^j 4jl $ jj (J^aj CjIj jIaII d!a <ja %90 <ja 

(0*1-0*25 kg j (Jc«LaA]l c > i^^a ^ja jIjaII 

:ajjj=JI dUJijJI j^l^a ,>j .organics m” 3 reactor day -1 ) 

.(dJ^luJ 4-2 cJ^ 1-^-l.pdll (JA Ju V (^^j) AJaLaiJ • 
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JS /ii I j 4_UaLia dll >'»'i^a]l J» •%’' AjIUI ^Jajqill AikLuia (jl • 

. dljjj jdgJl£ t. lia >>i (J£jolj L_!jjj dljjLa]! (j-a JllLa 

Ald-ill jlj-a]l l" nisi LS lc- (J-aLi. J£joiJ ASjSlLa LjjjSuj (Jc-LLall (jjiak (JLaJaJ 

. jliwj j jKil adlj ^ Jlla i(Xenobiolic) 1$j1& 



^■>jw Cr“>* 



aU 






ini a' « 

4 i K 

) / 



»t J jjU 



_ia ja 



*/*•>.»" j4* 

. t jhi f 1 J* ■* 

>JULjj t> U 



c*>* 

. Jtfca 

_yb_Cia_' ^ jj dl 



JJ l n 




t 


All 




>UaJ 












A A 









oi^a ii> 
{**■* ;4*) 



fi>» 



*Js 0 U 4 a --aJj_* 

<«»jUO >u*c 



liiljliSI £y» (VOCs) SjlJall 4 jjd*JI JljiJI <jj» ( j<-iA'iU “LjjaJI ^Lau-ail :11.17 JSdl 
. Jwiij' dajijj ljjSjISI 4jaj^u (BiofUters) AjjjaJI Ajdjijd UJ^ jjjJaJlj Aj_jiall 

AjjaiJt wild I .ill Cal , 4 jlojIj Ajajarm dLuka ^11 jrltij l ^ ISlj ijljjluili I ^ 'I aatluil (j£-ajj 

JxLail laSUSI iajjLj ai_a ^all ad 1 $j jJbu ^1 Jjlail ^c. imju l^ila (Bioscrubbers) 

jjia AjjlaJI jIjaJI Jijj (jl jxj (Trickling filter) <iL*ijll Cildi ja!\ jS Ja A L a J I jl 
ijjjaJI tialSLc- aSI q\ .(Scrubber) dill ^ '^y Aqueous phase <i»d> Jli- 

CjUjijSjjJj^JI 4 j|jl liaj jz\ L$j| jlj 4 jjj 2 .: IkiLwa ^]\ 4 _al.ll J^uil 

elij . A ,>i j a-i M U yl* j AjjjijjjjU Jl 3-a .‘Ujai kliLdiji . (.] jA taAiLukall Jljd A aj« ^ 
. Ait ill uiijla a ' 3A ( AjlSlc- ill ) (jijjll ajk . a -k. 11 « a alia 
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^Ac. ^3 ^^A Admail gLa l t l*sl »^>‘i ^ill A a* >^n\l A K julaII <jl 

NH 3 _SIj H 2 S0 4 Jl ^StL H 2 S SI (jV ^d^xAl ^3 (pH) Adaj)^^!! 

cillil .HCL Jl Jj^jj (Chloroorganic) ajjjKII ajj^B jI jJI j <HN0 3 Jl 
l^io u ^\ y^ l j (Dimethyl sulphide) JAJ ajjUj daliajAll aAI j] s*li£ j^ Vn 
s jja J!dd Hyphomicrobium _J lajjid jj^l ^ ^5 j-JI 3JaJ jj 

^ jjU ^ixALa ^ 0* 1 J] 1 (j -a $$.U5L1I c‘ n-k a^qI^VuhI $.d Jad 

(JmKII Aaldal (jjj *4*0 Jj Vi Ada jxa^ll till j j t -la. I ^11 

^al 25 'jl (CaC0 3 ) ^ ^ajjAld]! djlj^j^S (Limestone) 

fida (J^ld (jla l44dVl ILa (j-a -A-Ld (j>a L-l3t.5L.xa ^)lxa 

A^Loua Jl lgda.U. ^A dal (j£Loua ^aI (jla ^)£d (jl d Vj 

Aj-aldj tlgd (Jc-ldJI C_fl j^la ^Ac- a^Aa^juAI ^ \* >^i\l (j-oj ^G^j-ld A\~\ Aim 
-il^-o ^A c^lA-a ^dll ^Lg-ia aLojcLuia]! A_a^daatAI ^1 (jl La£ i Adajjxa^ll 



.l^d c_j y^ jA jjc. ^jI jj dalstdl ^ nd'i 



A-jj)j*sll dal *s /n^xAl ^ daLuLJI o^)j)}axAl Addll j\ Ad^jAall (j! 

^la A-ndll gLa .(11.17) J^AA' j^l .(Bioscrubbing) ^j^JI ii Add 

t ilj^) (_]ddj (JjLuj (j-a ^)ld 1 $ liLtij dlia. Aj^LoII dA jliAl lg_J ^xala L_ (JLaaduil 

dal jlxJI j I La .AjjlitJI daLaliill c" ijTiqn ^Ic. ojJB lg_I ;Aj j^-xa daldld A^a 
^j-<a d V ^Illl ^jjLialixJI ^Al (jj .dal^)xa Sdtl Ai^iJlj L^jljjJ ^I^)Sjj 6L_fllS 

Aj-1x-<JI jl j-<JI ^j>a ^ La *^_^J (Jxal^ (Jc.l_9J ^ic- (J jj^aaJI L^jlc-I^xa 

^j-<a ^jldj jl j^)j 1 g lijuXa ^ala Ajjaillxall Sjl^aJI j cLajj^JI 

l^^Lllxa ^ja jjaSo (J^jojI Ada^ia]! oLlAj .l_^_udd L^daJljt-xa jl^xJI dal^LJI dald^xa 



^1‘Wi V (_£^)dl Ad^La ^j-<a .dal^lddl L^aa (Jo^vsj LJUa ( ^!all A-jjj^kll ClaL^dj^xJI 

A-^.Laa-a Jl ^Iddj ^Illl 5-ajj^JI daL^-d^<Jl£ SjdS A ^1 ^\a 5-ajj^JI daldc-l^ll 
&La L tida J .-lad ^)ldol dstdaJ L^C.ld^)l A3^)C. dll^C«|jl3la • ^lij^jlj 



. d \ '<‘q% 1 1 ^ \ A-ial^-al A q l ^1 1 



^ja A-illstJI L-al-iadV I jjjldc Ajjj^JI dal£c.UI c ^ a > ail n (^^>dl A_a^.lj ^ja 
t^lal j lait x>a l^jl ^jc. ^Idaa tlj Util o^jat ^^.1 ^Jl 

aJj^II ^jj c**aj"\ (jl <dal jliJI dll^V dx-^u^ad-o j 
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. ^3 o3^a._^a]l lilL ^y> J.V ^' .' (J^ 43jC. ^3 <£ j V 1 ^!' 

^S3j AjjIj “Lijja. (jli CjI jliJI Cj^lii] Jlc. 3 j (JL^. ^ j 

1 3A ,4_Lxa-a3l ' g'W »>il (j-o 3 j V CjIj jlall (JjW'i lJ lc. 'ijjlall <Jjg -s ^11 CjUjISLILj 

. jjjiaj A ■%! -s \ ojiall o3A Jl jj Vj 




AjjI jaJI 4-a-jU al\ 3jUaa-a £yi oAljlall Cj| jliJI /wa Cil j NO — !l W wa (jAagllj 

Vji Jltij JiuJL ijuljl^l LjljiaiJI -Ajjj* (Jjia j»l.iaauiU liUij (Thermic Plants) 
JcLLJI N — 1! 4iljl jJ iy> (Solubilisation in a scrubber) lilc-ill 43j£ <ji 4 jI jVU 
(UASB) Jelia <ji (Sulphide) 3jUujj£ Jjli-3 (Sulphite) ^ jjSII U 



4-o_jjsU^ c!llj)~^ jll ^ja d3_jll ^3 3al 

(j_jJj£L]l (JlLo) 4 _lLus3 ^ j \-t » u ^Ic. CjljlaJI (__ya\ >r->.ajl 4 _iLoC. 0^3 ^^ic. IgJ 

(Sorbed £^1 aa]I j \ a j^aAaII ciAj^^aII ^ 4 (Jo^n^l 
(Biotrickle filters) ajjj-J cijUuijJI jSjjj ^compound) 

(_£^)^a ^3 (3^*-^ ^ j)J*lAAiil ^ja cilli AjLuj Ia jl ^jc« 6^)ljc. 

^ ^ ^.IaII (jA (jio-i 4Jaxjjl^j j)\ jxtixAj c. .CjjIaII JjlII 

Ia'u^ (JaVI (_ja -1jJ)a CjI ^ > m^aII d^A ^^1c« 3^SJ 14a .Aj^_^a s-Li^lj AjjI^C- jl ^a 
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Ja3 a.l^j J Jjji.ll a.Iui^Vl CS^ ^jua JJj ta JJ» . .1 A^.tSxll 4^.Lmxll (jjSij 

Ixjj .JjLixJ J-ljljjj3 a.la.j£ a ji» >^> (jj£j (jl Jxj JxJ^J jjli tlil .Jllc. 

jj3jJ J-s I IxJ Jlatll (JjxVill jj A..,.iL.>iA. .4-lllc. ^ Jc (J-a*ii Jil 

. jl jxILxlj 1 g"i» AUx j A-i-ltill all! il)-i'lx 

Ljoa A,j n-yjjln]' j AJjjjSkll CjLSjaII <jx 4_ajlxll Cjljlxll (_yajWi 2.5.17 

Biological removal of sulphur and nitrogen compunds from flue 
gases 

% 

(jx (SOJ CjjjJII -ilx£ jl (NO x ) ja^. jjiilill .iimisi 

‘LoJllaJI till jlill J .JjJJj (11 jjjllj (jl jli.1 jx jj5n jll al Jgjl tlllj jix 

aa ji£j A ■ -x - I 2 Ax^jl j-^A J 1 .-? A-S-ijla jjjlall jaJ JaiAl illlll&j .(Flue CjaSes) 

a 2 £x lx] 4j JPI Ajjl nl ijjall jjAl j] . tll3jll j.'.i'n 3 (Lix jAViII 

tlljlxll jlxll Jj 3 jlajatll a — J-lai. 4x Jiix - " - ^ jx' AI j . JjUxll a a liATu jxaLl V jl 

NO x II jx %20 jx jii£lj SOt II jx %95 (jx (j.AVill Jlx (j^O J! 

jx .lijj jaJjl t_i£jxll) (Fe (II) — EDTA) N3 HCO 3 II J 4iljjllj lillij 

(J.'ll i. 21 Jjj ibuj . (4 _iIx* 1I alA ^_3 A-alla. J jj jc. (Jiixj jill NO x II jljji 

• (12*17 J5 ■''!') Ajtjljjx 4_i^ jljaj Cjljlaik Cljlil iil*j N Ilj S 1U aAx^xII 

_ll Axa J jajij ^21 (Anoxic reactor) jnj.x m Jtlixll J jVl s jUO i ov;.,,-; 

.Denitrification jaa.jjnll ^jj JLc. <J±± N 2 jtc Jl NO 
Fe 11 (EDTA) (NO) + electron donor ►Fe 11 (EDTA) + N 2 + C0 2 + H 2 0 

( Jc- <la3l^xll ( J jjljjV I j\ (J jjtjjxll Jx j j jjfllV lj j J J ^ A a! , >•! 

Lajtij H 2 SOj (Jl jli.1 J I ^ ;A Jill (jliillxll (jlj jli-i.ll j ((Jc.taill Ajjljxlud 
:l_iLx 3 CiijaS Jl Jj?- AiijLx£l jLu ljji^.1 j iH 2 S Jl A J J.' AilJaJj 



H 2 S0 3 + 3H 2 - 

HaS + - 0 2 

2 



-> H 2 S + 3H 2 0 
-►S° + H 2 0 



JS-SkJI) UASB _ll Jcli. J H 0 SO 4 _II Jl jli.1 Axlxc. A 
(Sulphate — ciujjll Jl jia.1 Jc- aj 22 l Jl EjJj jjjll « (5 - 1 7 
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aj.axa jI^a jX-o ^a 2 _JI CjLn^. Lg-iSj ^«^*a c— aljjajj .reducing bacteria) 

S AjjV^aII L_Luilll J.Wll H 2 SI jl (JjljjVI ^ja (JLa ^)I^3a J 

H 9 S AjjI^JI Ljjj£JI Jjjo£jj tULII (Jc-lLJI J c^lj IgLftj . (BOD/H 2 SO 3 ) 
JaJxuJ O 2 Aja£ ^Jc< & JaJ-LtjJ . (^Jl^j ^cVia) S L_lLa]| Cjj^)j£SI JJ A_S^^j j 
.H 2 SO 4 j H 2 SO 3 JJ S° J A jLc. ^3 jj JLSIjj So±jj&^\ (J^x-q Jc. 

AIIaJja ^ Lja^v aL CjIiLx. 1I . (Jc-lidll J^ILI 1 Aja£ JijJlCj 

^aJJ 1 g a Jnx a j ClSjl (_J£ AIIjSI^a ^j-o JU V . I^Cij^a 120 SI L-lJSj L J^VuhIj 

.^jl^jdjailj s.L5l ^a <(On-line) jj^iA^flS! j^Ja ^jc. 
(Biodesulphurisation) CjjjASI ^j>i LI ac. J ajs clL V La 
J Ja J-CaI cSLia j t^^kVI aIjLJI C^LiaaSI aJLa ^3 ^ yq uma 1 g ^ j 1 3-v 1 ^Jaj 
CjL^jaIS aIL-aSI Ljj^jll (JLxjjujLj aAjLJI Cj^Lia&SI ^ja ajJaSI jI ^aSI a_IJV 
La .(Sulphidogenic UASB) $L*aaSI aCjjASI UASB Cj^LIL J caCjj^SI 
JjjjSI JjLa ^3 (. — fl^) i.^ll a La ( ^3Ua ^3 A-iSlc- CjIjJjaa ( JJ Cjj^)j£]I ^^1 J J-aJ^ 
Jl ^aaSI |CLaa Cj Ja*s a ^ 3 j 6 (2 g/l Jl^^. JJ) Aaj jjJSI J JVl Ac.\ n^->j 
2-9 Jj (Molasses - based fermentation Industry) ajjILI 

CjIja£ dlLAj .50 g/l JJ J^J Clj'S ^LlJaSI Cj jjj Jl^aA J dli£j g/l 

^jJj LCk. (jj-lxlill JaLa ^)a AjCaAaJI t»_fl^)j-all ^jLa ^3 .1^.1 jJJ Cjj^)j£1I ^ja 

JlJLa aSjL ^jjlx_A ^.Ijjj c n*s (Pyrite rock) CjjI J2I ^a JaLill 

. Cjj^>i£]I lj»i Jj Jja (jc. Ja %99 (j-a JJ^I aJI jj Ljj 6 *LL^J ASjJaSI &Jl£. J 

Soil remediation 4 jJJI 6.17 

&La1I j Ajjll Cj J j jA ^a Jj]l kc\ U^nll ^allc. A^.1 Jj ^lill (JSLaaSI ^>jSI 

Jc. LaSIc. a 3 j^)v^ia 1 I ^JLaSI ^jlj .(Sediments) CjLa^iSI clSi£j cAj 3 _^JI 

^)LAa 16 Jl_^ Jj lL^ W^^Lajj AjJilS Aj jLSI 6_j1vs\I jIjaSI ^ja ^^aLliSI 

IjjjjI J CjjL 350000 (jc. Jj V L CSLa j .^alc. (J£3 ^JjjaI 
^Ja Jc. I Jaia. L J£l <. <aj]Vnl j^)jJ jlJ® 100 (jc. Jj V L c_ aSSj Ia^a. j Ajj^xJI 
o jjKaII CjLjjJaSI I j^Ca CjIj JaSI JSI (Ja j .<LLall ACuj 25 Jj 20 SI 
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J jjiaS! d jUj j jjlsii d jJIj tCjU jjjS j ^(Chlorinated solvents) 

(Bioremediatin) dJUdl j) .jaUdlj t (Polychlorobipenyls) 

(Detoxification) A±*jdl Alljl jl ^ ' j~ ' q~' t > di <•.! j d"w„i 

dl jJjII dYdl ^jlj (_j£dl <L»ida^ jVI J tdljjds ^1 jj i"'-^ w-d 

(Jl j V j c Aais -Co _jl dill j V ad A ;jj*^ " 4 II t ^11 4 /jl ^-a • *■" '1 ^ J 

I ^ d. ' d —4 £3 jJ d ;x..-s ^11 J dll ^3 ^xjiLoiVI 4_lidlj . da 40 ddl_d 
dlLid*!! 1c- Addl a^didl ^Ic- lj.3c.Lds ^_dl dLa^Ixdl d'4 tdljj sbldldi^s 

; Adldl dlY La-all ^3 dlLo_jLtdl *v Wi ij i '^-iS AjjjlaJI 

J (jLaj i_id V 14d c(Bioavailability) Ajjjdil A^ddall • 

^jlajl) dl ^Lall dlldy^j dlljjldll ad (jjj jdlodl (_}siLodl jj-ava-l 

.(2.17 jlLyt 

(JdjC. <> ajsjj La i_sjxj V (Biostimulation) c 5 _*pJI jdadl • 

il^ydlj .Lgloc. pljV dildldll ads dJailj jdj (jl I g \^,aj 

djdl (jIai du£ (Bioaugmentation) (jj^dl . in d »d l • 

(jjjlaLilj Aj 3 j 1 _)ax11j Idu jjl (jj*-a (Jd. ^3 Allidj ^±1 s—JJjE. 

.a1j 3 aJ_j 4 .jdl dslijldll 

^joaJI Jjdaxdlj JjVvill 1.6.17 
Biostimulation and bioaugmentation 

Ajjdl ^3 4j _jLall jl_jdl ^jjdil C\nqdl <J lt ajjllll <iaJI dlLulflll ja.1 jJJ 
jl_jdl j3 jj .lie. Aj II AjLaJtll ad Jj-adi Id . Aj 3 _jdll eLidl ^3 j l/L-al 4j_jLall 
Jd _j 3 tll ad .(_la*ll 4 _ 5 -d dM£]l ad JsLuiijj ^}dls ^^dl A^ddall Adl-lill 

jl ^>adl ^11 Jaidl i-jjjd (jls did . (Biostimulants) a In . : .~i dll ajjj^II l _J^al_j3tllj 
.ijxu.nj 1 xsg -side, Adjdl aLidl dili jjj^jjd^ll (Leackage) ^Liiijl 

Jjddl jlajl) ^^)dl AjJli-a jl_j^j Ajdtdl Adia.jjjdll jl_jdLl 1 jdl 

^dl (Surfactants) ^ *\ lamll ^jjdl a . .n^d. jl^^s d^dj i at > .n 1 dj .(4.17 
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(.** JjLoJI jLjil! Alils £aa!j ^Sc- ■^ c '^- uj - J 

.tg-il] J jj^a jll 4-pJI CjUjISLSI ^jjalujj 

^jIIuaJI cJ^- (3^^^ if* ^bjJ^-SI CjUajuaLall j! Cbl^'y a\1 ^^Ac. _J^I (Jlj-a 

^(Chlorinated solvents) SjjKa JJU~aj cb j L (Aquifer) ^ 

SI sjLoj aj^L<JI (J-cS^aSI Jl^AI La£ (Benzoic acid) jl 

t<j j4^aSI AjjjjjiSI jjL^iaSI ^.>un .(Polychlorobiophenyls) J PCBs 

<AjJalA CbLoJ^jl ^ic- iS jbab ^ \)* a 4_i^, dllijl^ ^aj tilij^iiSI j ^jI*ua.11£ 

V a isk.ll djljjlSJI ^jl du^.j .ULuj Sjj^jaSI Cj\j jIaSI j Aj j>q^ a\I jI^aSI ^ja (J£A 
(J-^jVI" (Jc-lioll ^)A ^ ^lll IbA ^^AJAJ I jl ^Aj jIaII j! j-al! ^l^j L>° j;^* bob 

.(Co-metabolism) "j^LaJI 

2.17 jUtfl 

(Bioavailability of Pollutants) ^IjjIaII (a-^UJI) jjjaJI .ia.1 jjil 
< flj» ±±\ jj A%/n A t Jij AjjLjJI j!ja 3I AJIjl ( under Insitu soif) (jAjSn dALia aaJ Lijjla 
(Sorbed) (jd-lAJ Aj£ jaII jIjaII jj .Ajjjij AjjLjj jjjAij dmfij jc- AJjj^aII Ajj^xaI) lIiUjIHI 
jj o^aj Aiu-ail dAA j) j . AjaJj CiUjliJI Jb jA Ulihl ijau/aj (Humus) JbAJjj jaIaJt£ AoL-a clibjja (J l£- 

.(Ferundlich-equation) (jaJajjj^ aJjUa AJa^l jj uuii 

(mg _Jb luaj ^ j (Sorbent phase) <j<atua.iAV! jjia Aj jIaJJ j! j*ij jj £ jj JLu Seq jj la 

(Partition AJj^jij jilLa ja K oc c AjjIII ^ Ajjbaxij jjjAil A-ijiaij AauuSj Jjaj OM j eg 1 ) 
Aibte- aJ ^Ij ja n j c(mg I" 1 ) _Jb o-ASjj <AiiL-*Jj AitaJj jjSjiij ja C eq _Jj j (Coefficient) 
jJll (Little sorbed) (jaLaXaV! ALls jj£j 100 j-a J£l K oc AajS ^13) diL£ jaI! . ^jaLaAaVL 

bj n~v a AJj^-uu K oc AJjaHII AajS jjAAj ,jL4J bu£ . (K oc = 10 1 9 t^jjjjllS) S jSj ja jj£i 

f Lbl aajxaJI jj£ ,jlll Aauu <(Octanol/water) Jjj b^jl/ ^ Lail (K ow ) Ajj^j JaUa aLua. ^jjjla 

.Ajjj]) <_ji AjLi£ ijaJI oAA jaC- lJuaj jjAAj (aUjjjSjjAj^II k ow _J! AajSi ^UVujI (j£ajj . JjjU£jV 1 
^JjVi Ajj jaII AaS ja J Iajj I ^ "nTifll ^3 AaIjVI J^jaII fliliv! jIaAa ( jlc- JjIa jaxJI lJuaj AajS jl 

.(13-17 J^) (First-order kinetics) 

(JjIuxaj LjAIc- AjjUI ja (JjIjjIaSI (JAXj AJIJj AjjjuaI 1 jAcufij jS jj V CiUjjkll j ^oAUaII aAA j) 

Ja^ j] A^j c(Aging) jj (jjaxIII) aJIaj ^auuj ((Pesticides) cjl.bull ^a Jaa^b Ls t( jj *a ^ £>a Jal 

S jLjJI jA^ca ujlxAajj (liULIa Ajj^a Cjbb2 jA AjjIaJI jIjaJI ljIjJ jUajj) ^cjUjA jjasuJI jj 

Jjfr ^rurtl qaJAj jjjS AIaIxa jli .(Irreversible) AaxajV AaIaxII a 1 a jj bna j .JbuVI Ajj^ii AjjJaxJj 

^Jj Jjxj l^jj jA ^ jib (lA jLaC- 1 t flb/aij AjLIxa 3 Aaj jlj SjUSI jA Aili^Aij LjUjjaJj ^auijj AajIa 
JjluiA jj Ljl^jijj Ajjliij ^ flAjii JmSJ ^j LjjjaLAij dlij ^iC- JtjA&J .<— 1£ JAij (JA&JJ d JI aII (JA&j 
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Ajjj^JI qa qjSa La ajlfr AjjjII A -'Ll ‘I ^ CjLijlalS JlajJl UjLSjai : 13. 17 JSaitl 

£a ,(i AjtjSlI ajLai! jj£jj £a <_’■■■' jjj ejLail f.Lili.1 O' i^*ri lS^' J^' 

Ljiajj .AjJjVI ajLatl ‘ ‘^’ JiajJ ^jiUI O-aj^' .>**■!' 1 L^aj J±aj Ajjj^I uUji 

(K s i—iljaJI Culj O' 3 ($) ' '^A'a AJjVI ejLaJI JjSjj Oj% Lajjfr Cijj-aJ) uUjl 

jjSjj Ofr J a '~ 11 A Llulii Jfrlij Jjxa jiua AjjjaII .Ajjlll Lilli- J La-11 j&i La£ 

AjJbdl jj£t jI!I uVLa ,(i_i ^-la-La) J&LulaII o * sjVI Ajiafr a-ljji a-llfr Lj-lajj iAjtj'lfl aJLatl 
.£ ^ la * all QjSlia O-ji' J-a ili^Ax-ai! ^ ajLJ CjbjjitaJl ^aj lam iu t ljIj _jlai! 



AjajIjjJI A -S.1U a" OuJ 


A Xj.1I j a a VIA. Ut jluVi :4.17 JjAaJ) 


(jl £■ 0 Xaj*j 


Ulu . AjfljaJI bLiaJIj Aj>li (Bioremediation) 


jIjaSI (ji U.u-4-a aAj&J^t LlL *{ ((Autochthonous) AjLjlaJI Ajjg ■> all LjUjlSJI 


qj «1 a a]l jl CiLjiaillj j.ill-L-iJl ^ a Lai-ill LjjjSjJI (ja ^jaaJI JjJsjil jifli mj (Cj^laJ) 








Jlla 


A/VI 


J*i2! 




Jxillj aJ^a»jAll ilAjjjSjall Jjiaj t^jaaJI JjiajJI 


(JIa) 4_iIaAi]i 

^9 L-J^JOlJ 


4jjl \A \*\W (j-Lul^J 


P (N CAj-li-all AjljJal 


(JWjl ^jlc. 




A^^jLolg .^1 AiLjal 


^ o^yLV' 


^ *n-M ^ 0 L ^ ' 


(Co-substrates) 
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A_i3j^Jl cLiaI! ^j-qI£-a 


A^^LuLaII A_i1jV1 6^La!1 




4j$JI t>a. 
(_si (Bio venting) 

jl 4_i3^^Jl ftl_ix]l jxl^x 

Cjljlill SjLxal 


^3 A-jj)dntll j! ^a! 1 Sdoi^l 

6 Jj.WaII A_i3^aJl oLiaII 

O 2 (jEji 


^jj^)j£JVl ^'^1 'ia Aildal 

(Electron acceptor) 


^-aJauill ^)J^j]l jl^A Aildal 
AAjl^ll CIiU^^a]! 

pLoll £■ 1-^11 


(JjI^joj^ dAj^J^^^^J, ) ig 11 

A_:jLa]1 ^c. A_La.^)A]l 

6 j3jla JJC. (NAPLs) 

4 -n. .11 djLijl£l] 


^aJajuill _jjj!i]l ^I^a Aildal 

(Surfactants) 


j/it 4 11 ,_ji SLalail Ajxjj jiJl £ jl jxJl JIajI (Sjlcl) ^Sl jj\ jjjfcU) 


diUaa-Aj Aj jjll ^jSIj 
£a c_Jj^}j-a]l dI_ia AjaJtx_A 
di^Ua-A 


V £^1 ^a! 1 (_jiax J LaJ_j 

djldl^ll ^^Ax (_£ jld 

jjl-v <1 a_isI£]1 4 n x\ll 

djlj ^LAl 


1 Q w 1 ' x\ 4_s_i^a 4 \ V )1 1 1' 4 ^1 i ^^1 


t J> £* 


A_1uj1_1a]1 Ax. j)A~na11 




^3^ ** 


Aj_jg ^aII dildliLIl i^ja 


\^Uj.ia A^j^a dibladl Aildal 


J^tdo (Jdiall ^jUj 


(JjQ^A 




6 Axdl dildib) di £• Id 
jjjK] a1aI£^ ^jaI^Iia 
dj\j^)Ja*Jl (JaiiaI j 


^a! 1 JUMI djl^jLuLA 

^1 f- 1 ^ '1 1 ** >1 1*** ^ 1 ^)Ax^aJ 

A^qLoj 


A, Uj.i'Va daV^l-^J Aildal 

LA'jj 



Jl ^ajj C 1 j\ \\yW (Jili 



J^xIIa Jihall ^jUS jjAJj (Jdlj Jl Aj^C.^)a L_ajUa J 

. (JSU SLiaa diLnak AiljJaJ 

dil^jjdJl dil-lixo jl j^l^ll SJ ja Ajjg ~\xi <dljjl£ 

Uhil^ 



Soil remediation techniques 



AjjjJI 4 jaJl*_a Ljlajijj 2 . 6.17 



AxJboal Sjji-vll (jx 4x.jJJxj ft Ax jx-^x 'A.''. . .1 ^ jy ) 

:1c. jJxu jj£YI i—illLxVt ( JxjxJj h 4 qK " i \ I j (j x sAll jjx jJjj iAjjlxll AjjiiJI 
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(In situ) £i^ll 4.1*. jJjxJ I L=JLudl • 

(Landfarming) ^CaljSn L^ljj • 
. (Slurry-phase bioreactors) j>Lll LjjLcc. LjjjeJI cLlelidl • 



(. 'ijhiMI LS lc- (In situ) £3 j-all ^3 “Via. jIjaJI 4 -s 11 » .all Cjju 

laj-ac. Cl jlill 1^-lS (jj^ul CX/Ldl ^ I g ij.lL'l La 'Clc-j (jj3 (j-a 

£3_^all ^3 ^jdaJII ^ajlill c_lCSjj .I&jJC-j ;j}^)Iall _j ^^iIiaII i" 1 V' jl ^ Li ■ 71 l" 1 V 1 
(> L! ^ V j t jLJI CuKj ijmi 4iV LalCAt (In situ biorestoration) 

L-Ll ]a l7II- “LjLjjilt 4_aJbuail £»a (JLiJI j&s LaSi tLaLoJI ClCCall 

jLjiluil (jjlik (j-a LLoiLai y CC-jL ^ Limll i” i Vi olxall j jSi .(cX-Cito) £-Cja1I 
LsLcI oLiaII j . S-ilcJj 

jA^I JaLaU t SJ_lajli]l (3^ J .H 2 O 2 

^9 ^Alll 4 _^JIx_a 1I ^9 .ClaJ! J ^ja «1j^a]! £3 jaII 

C-Laj! ^JA> ^ JaLulill jjqVi <J JX is? ^ \> U £3 jaII 

JjaJ ?iaSI jI^aII JaI^JI s-IaII jV 

CL^Lail ojjuSi CLiC l£jti LjjII ^ 'ijJjSi Cljik3 (JLfi. (j^ (333 j]I ^1 

^Jj CLjUl ^jjuial d_jjjai ^aLM 7j j*.'.‘u Li.i 33 J . j!i5il 4 » J l.a d hfi j^ajC 3 J r . ,n .a 
. L j — ■ ^ ~*m i " ij-v j\ LLuLill 1 ^ LI \ U 1 



^_c ^3 Ljlill Aj2w_jl jjdl “cJLtLlI (_ya jc c.!j I-tt -^1 

cLuiUll Ji£! (j-a Sc.1 j UjliioL t (Bio venting) Ci.jl jaJI LS ^^i 

JJC. <alaxa vadose) <ajaia ^LLd oj3 jdl j o?.li£JI j 4 qK'lll Cu^ ^ya <jll*3 

J<u>u‘ i .JaiilL 4j_jLaJt j-LI cS^-5 c (*L i 3 oLixiil u^C i3J^ V.iL 



CCj f.\ j^JI JJj3j (jjj-jla Cfi" (JWMI jjS-s'i ^^Ac. “lli, jljjdl 

clcsIjLll (X > 97) Lille. LSI j] clc-liSi jy^-ajj .Lijiill 

cl jCi sc. c (PAHs) cLjLitII 'Ccdl cli jjju^JI j (<C16) LglLlI 
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4 



i *' i 'i t ** ^ \r A i -v \ i A \ %\ 1 A \\ y.r. ^ a'* . A ^ \1 . /\\ l (^-Q WaQ 



La-a 4jjlii (^Lli-all jj£I JAC. f-lj^JI (Jllj J i. 1 U>i"n (jl 4jLjj Jjl*j]l j)V A mil Vi .a 

.laaa Vna-a Jalia Jc. ^Vjdl jU^aial I. . IU»iJ 



VI 4_i*i_^all 4_li._j]j ; nll 4_aJl*-a]i (_£ jVl Vk-aij (jJ^)VVJ 

jj <1 ^ CjIjLu £ jj ^ Ua j .(Phytoremediation) JUVI j-VjJI ^ j 

^3 (_gj>^» II (JiViil jiaj jl (_jajVI 3— » > >i (_3 _j 3 AliUll 4 •n >>i‘iVI ^3 AliSall (jjt*_a]l 

is^ . jj.yil oj^La <a^A1a]I aILoaII ^ j (Rhizosphere) jji^jjjjll AlLia 
oIa (Jj^. 4 t LuUJj]I i^Ldl jl U] 6j-xikjj L (jjjl ClAjill ^ilc- J ja ^ jll 

(jl j t (0-50 Cm) I^j^JIxa j£aj L>° -Las Aj.^.lrajui.11 <ajUI (jlj .liaj AijUl 

CjIj^LJI £JaL^>A j)A 0 JJj£ 4^)1 A ClAjjLalA ciijJJj O-lC- dll jlui (JJxLalJ ^^Ul 
. jjJaLaJI (jAjJI C5^ JJjL*vU 6<^1L £a 6^jljj]l ^■^Ixll £jJadj I^A .4_Jj!ill 



(Landfarming) j^jVI 4^1 jj U 4_kJ jj ^ukiill £121 <11 jl <jl 

Lla .(14.17 ^jjjSj-dl (JlVt'l (JjjLmjI ^1c« d uVnl <9 jjxa 4JLjL ^^a 

JA diljjjuj 7 jd (JJxLoUjal JA^I (jli 6 0 -1^.1 J 4_luJ J.iiL JAC« <- Qx*Vl IjAaJC-I 
l <a.)A 4 _jjj (J£] A-ijjJ jJli^.11 jIjaII ja £^ 6.4 4.11 jV ^^Ixll 

(jjjL (jc- ^.^^-ulll j^ix ) aSjjUI o^A (jjLai-c £3 j .^1 50 ^ 

djlc.lijjl (jl ‘((j^ -iLcjuj) L^.jLL Ajjjjac« dA^l^o 4jj!i3l iaLk 

.(Jc.lij3l CljV^*-a (j-a -lijj ^^jjjSaaII jlillj JaLuu]l ojljjj ojlj^JI 

aA*c. JxJaaj (Cosubstrates) o^L^dl aA jV I J jJI jli tiUj i 
^jVI ^'jj ajS jj ji^jj .(Cometabolism) ^LuJI ^1^41 Ji^ull 

AjjI JAV (jl-^jl ^LVumI 6 Jlldl (Jjjjoa (^-L- . (jlx.i.lX) ^1 JAV (jjjL (jc. 



(j-c o^C-LuiaII jl jaII j C1Aj.Axa]I AiLjajj jjjJjj JJJJ ^ji\L (Jja CjI£ja jA ■ w II 
CjI jaII (jj^J (jl Lij Lpl jA 4_1 ^.ja j .AjlajiAll Lijjj£j 1I jj j*j cJ^ 

. <jjjJI 3-9jL-:aA V o jjj-aJ 4*1 n a j o jaLa jl Lil£ 4 J^xaja <lj* i^aII 
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SdLaJj (jJJj) jjjKj AjjLall AjjjII jjg )->"ll ^ladb l_ljluiVI IdA ^1 WnJ -ialj 

. ( j (jj jjJI (j-o b ;W) BTX t g -ami X J .3 O 

(Slurry-phase bioreactors) jjUl Ajjldac. <j jj^J! ji-aj 

AjjjII A -n \\ » -a ^aJj lAjLaJI oJlA . Jal (jx j t. gjlVnll ClAjjIuw (_>uaj (jaau (jl 

(jjj Jliill [_" ■ ^'*71 (jLojJal ‘ V, -LafLi-a l i“ l~s"l A.^j Vlm-all <j_jLa]l 

Clll&jj tdlVlaJI f ah» ^ i^^A odA J .<ii3^1t 4_iaJI CiUj1£1I j djtjjLall 

(jjliaj ^9 (J-aLuo Jlsdj dllV Jlaua £-a I dSiA j . A qj^"i-all <J j? % ^11 djljjl£i]l Jj-a p -a 

A dl djjfLa (j-aj LaJUC- Ll-ajJ A . jjj ^ it K JaSjll (j»a ^t- 2. 0-0. 2 
. a LlVnll CAjjiaus A\\Y\\ 4jL^)Ia]l ^n/i'i tdil oJc- ^j-a V-lJ tLajJ 30 

.Ajjj]! rya O V200€ 7T^Ij2I i. aSllil Ixij .llJjJj 




talkj . (jijVi Afrljj ^Uaj jt ijjJa!) t-iLd Ajjj Jc-LLd Ajuia jfr A j» lal a : 1 4. 1 7 Jitiil 

^-a i(Lincr) AdUaj ^£- jl < in a J£uj j. * 1*1 j cAaj^jJI Cil UlS]| j A-ul jiJI j| ^a AjjjJI 

alilj jjji djA*-aJ £±u iAj^lSIj JalaJI jj2_jU ^ alalia Ajlji. 
‘ a--*' ^a Ajjj-ail £y» ^Ijfr^jLl JU dilaljil! ul jdufr Jwa Aaijl Uj| jjljjj 

Ajjj^I jibd i_i jjxa ujjiuiS jA (Landfarming) <_£ jVl Act jj &! -of^ ja. j-ac- 



703 




Treatment of groundwater 



AiSjadl sLi al\ * -vtl» ^ 7.17 



Active remediation 



h>l\AA 1.7.17 



Ijjjjlj flAVult AllLV j\\ oAjLdl A_i3 oLiaII A -s H » ^ Ajijjl jlull (jl 

.(Pump-and-Treat) j ^=JI l^^l >£i g-o^ Id <3*^ ^ 

Jjja AjJLtAll AIiIa^j gi CliljjLdl <11 jV <JjLiAjfi3i j AjjLAj^ A'i' jAill ^A-simi 

^ tHia (Air stripping) *lj$l! ajj^j t-kiidl jjjjlll Cf- 
(J£Aill) AlAlaJl (j-a ZlO (j- 0 il^ gi A^a-jl jjdl AllLleliLall AVi.ul aJJ (jja. 
t e AjA*\ .all ojjiJI A n . .i li& A-iv^jljjill AjJLtAll ^1, lVu.il A_jAj. W .a (jl .(15.17 

(_Jjkaj gA Jdiall Liajlj ( lia. jl jiSill A j.1*v all j_jjall jl A \ All Va.tlall AllliLnll j 
l J& (jjVl As. jgll) A u>iA.all Alll^jfVll ^>j£l J*J j .a (ilVnll A-a_pUl Ailb jj m-all 
(jl£ ^_3 jbil (_Aj £^3_ja 1I ^ jLi. (jjdaill AjuoiI_j1I Aj^^jIjjJI Ajadbuall dj\ q j j J-»* 1 
A a A * .i A Ai ml k A\ ,-. . ,n 1 (glill t A_il jjjjII A-ij^j jS jj-liaJil a! j-oi] ( g^. ^Ijjdt jl Vill 

Jl (Aliphatics) Ajjlid'^l j Aj«_uiuJl tAjuLAallj t Ax-jq'i.all j 

Aid'Ll (gi I j ,aAA».j,all j A_a. jA j-all j t AjaLAI AlslaiaJI Ail A Aj^lsutll Aid ^jj£ jj.'jg 1' 
AjUiall ^gJc- ^ 'j\\ (_ja ^I^jl ^aJ tAjl £a j d^li.VI 

j! 4(JII1 a1! (Jj u« ^ Ic« 4-jl V] 'I j dAjj^j^ISlI Sj«i*liA 

(> IaIaj dil jjl£ll dill jl A-m^aJI ^jliLall SIa^j A^HaII UASB di^ylc-lLJI 
4 ^ jdaUJI Tetrachloro ethylene jjlill a^Ljj u^Vl 99%) 

(Acetates) <d!>LaJI dA.iVu J j . aj^IaII Ua^^JI gLiaII ^a ^il / ^1 a 

Jil ^^j^jaI 1.2) AajujSIjj AjIaxJI c_Lilt£j dijt^3 ^jLoj 

U1U. UASB dl^lc-liA ll^ ■‘^JJ I^A 4^LlAll (JA 0ll*-A L lJt^A j!1a 



. (Jladll 4 j\aC- AjjI j^-1Ij ^dl jA^yUI L^)Jj£j1I ^aVi 



A \ \ \ w^. /^ l a-v ^ 



(gi 1. 'ijhiVllI !— atA&! (_3jAi gi tA-sll»^ll — Ac_Aall AjsjjIjIuiI AilLai3 Aal 
-^tjAa ^y 6 77 (jAJ (j>s j .Alicia i < j ii Vi Alii jj 3 Ajllajj Lai AlALaL! L y ^ 
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^SkJ^A^I dl^)jaiJ l“ ^ Vi A Wl (Jj3 yA I^)^ja LflA,U9 \ ^aJ <AdlxAj 

a 2L1I <djl£ da < L-QjJalill dldl l $1* da a_ijIaj c’vvi^. <(NRC) d j.^ ill 
.(SDWA) c_j^)jail3 a^JI x^a'l oLiaII AaI^u d ^lill dLjjljuLA ^_x-^al 

(jl£ A_id2l dlj JJ-lig-Hj AJ^Ia lg_lA AH ui <djl£ tddj £^1 JA A^LaJ (3^J 

^Vlml <(2005) ^ajJlj . ^ Jtjlla.il <jd jjll 3-^d ^)A l^illjl Ldjl (jISa^Lj 

(Methyl tert, -butyl ether) J2VI ^xl <1 J j£j <<dl*A j -^d" aj^jj! 3U 

AdJ (.“u^lA dl . <jdjVI did ^jS^ll dUl^k ^ -dill bdl J y*. j-<2l 

(Jjud9J La 121c. Adladl j -^Ljdll C5^] AjjJa^ll d^k ill 

dj dljjd ^Uajj! ^ad ^ \ut,\\ ^ 1*1*21 dj yA dlij jL2! <11 3) ^^ic. l$jjd 

S-JaJj (Aj^aAaII dUS j-<2I j c A-IaLuaaII dlfrJall ^palidjl j i ^ jLuall c^Jadl 

4^1 ^jVujjVI L-IiILoj! Jjdal ^a ^Idj ^iajai dVi ^ 1*1^11 (Ja2l 

£ ^3^ dljjLall (jA y\x xsz £ y^ iS-J^ <^h^>d (jSaj V (jL^VI <ja 

AdUdl dLuiLioi dil^d ijjdll A -Nj n . AjjjII L 5 ^ < Ij4.ua <L^1a y& 

Jjn, ^ic. < Aj« d ^a ^.1 jd.1 dLuj^jlAA JLajcIujI SjIjj A-uSiSl dl^^Jaill j 

dU jj jldoj <(15.17 3^1' (Biofencing)) ^4*^' 312-21 

^jjdj cLjjj^jd 3-2^11 ^iLxll l^-ia dVLaJt . aIaI^II Adladl 

^y j)\y£* K ^\ ^a «dVI £-a < ^jalAA,ll ^nita ^jaLojI ^-Ic. <Ao!ji-fl 3^^ 1 did I 

.^jdl^)VI ^Iddjl 



U u c3^2l Id ^ fi3x.l AdLlAlIj cl^)jj£ Ajoi j^)dll dld^All (jc. Id 

i A.l.)ld dLjdiAJ Sjlc. dJ y^.y& AaLoiII dld^)All ^ja Ac ja^a c2ld 
^)^l£ll SJdJLA (jj-d jj-21 SjLa tilli 3Li-® . X2a Vj Lgd^^. jl Aj^2^ Ia^u^a 
jd ^ic. I3j<d ^aij ^1 (Furan) u'jj^' j (Polychlorinated dioxin) 

AaIa 2I (jl jii.1 JJC. LJojI jAi^aJ j t_u£j!ill C )\ 4 i i'l --. 

cPCBs ^jic. A AjjlxaAll CliLiUjJI j tCjjjjlU AjjLall Ajjjilj idljjjll CjLlijj 

AaIIxJI A_uuji1I i»i -;j .AjllaJI Cjlj CLlLiLaxlt i a '"'A ^ Jja (j-aj 
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CliljLi. 4 Lpuai a_iaa! CjUS__)a 1 I aC^la j (jjaji£ jj-iil 0^“^ 



■iLa^JI jac . l^iiUgl J JjjLa-a]l l^jjj£j (j^ .Wll AjjlaJI Cjl^>jjlaj]l j 

,(_Sj& 4_ws! A _'~v j]jjj]I CjU£j^]I aCA JiaJi] tiiiL £-a . jjUaLoll 

(jc. ' r - ^ '» ClUiiSI ^ aJ_j^.jx (jj£j Ig-ilj 4£Sl _jll 

jLajll l .Jo i o3y^.^A ? ^qjL! aCA j . (L^aL Aj^Ia]I LjjJ! (J!Lg) 

tdlUaljWVt J£ ^C. jj ^LaLaslI aUa>» ^3 AxOjaJI lilllj 4 Ja ji jjUa!lo]l 

. (Leaching) ^-LiiijY' (jjjjL ^jc. -LijaJI alxail ciijii q \ ,j£«j 




<^> 







Ajjiol! aJbu AjjIjjIuiV! jUVI "‘LaJU-aj ^Ja oL u ^i a II A %!U a!' laa.jljiSj ^,\Vmn (!) 15.17 
Ifn-a J^UjII ai Cua. Ja ji\ jda-j ^ LjjaJI aUal! Juju ^01) (Recovery and recharge wells) 

Cl ! ja aJC A %!U a!! oUaJ! jia. jbuj . Ailiia Aa^jIjajj A-uljdjSj AjaUjja CiLuAj Jja A£,j A y A Jjjjla jc 

tjjlui! ^ (jiul .jjii Aoali i(Biofencing) 4 ja.jljaJ! ^UuJ! (41) .CijiCI j!j jiml ^jmVi! 

(jc Ajjlalt AjjjaJl aUall Ailiia jliaJ! Aila. Jiuii Uajljja AJaCiU AaJala Llil (jj i_ilbj fljial 
Ciljjitl! JlaLi yh ilaa.jljjj A h.Vi't AjiSaia]! Alajii^ia'I AjijaJ! aUaJ! Jili LuS . j aLC! <j ajla 

.(Biodegraded) Uajlj# 
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Hajllj Jai l 3 jAj 1 SI 2 . 7.17 



Natural attenuation and monitoring 



(JLi-a ^LuaVI (3^ I13-0 SjulVI AjjVI (J>il_j*JI (3° iidl elj ill 
4 -aJL*-dl til j'lVl 3I AAiia. jA (Jb_j*ll sAA __3 .alibi 1 ■ j" til J 1?' 
i j . 4-ajL^all i. 'ijhiMI nlAAl Ajjlil 4 Jt\£ jj£j Lo bile. (Remediation) 
^ig W % j 4 a 1 ."i . . 1 3t tilii jLbl eii bjlbiui ^jjVi 3 ^- j -b.^ ajIII I aa 

(Risk- ^Jal-soll LS lc- b>aLuljal]l “bjlgull 0jlll! Jc. ^jlij ^luillull ^ 3jj^j 
(_ iikjj . Ajjl^ill 0jbil 1 4ilkbl ^Sll 3* Vi based end-points) 

A il.'Will tlljAVI jJjJai ^jala-al! ^glc. “LaijaijAll 4ullgull ^tubbl <J lc. ^jllll llJI 

. 4 _ s JL&a.'il ‘-Hjbj ^jlLall ju£jj 3 '° ^“4 “l^jijjbl tlb jjbl juSijJ ^^ull Sl.laJI 

A-piVsill Auiiiabll t_ull mV I 3^ 4 ua. jljjU til jliii .1 ^^Jc. oIhJI till jlVI aAA lalu 

Jl£jll ^^ull lillj 3^ ‘eta.jljjbl -.hill ^^ill tibjL&ll juulj 1 g iS<ii V 

JaLulj ojl^l AjjLall kjjlll 3I . 49 _jlLo JJC. (Jl^lub jl 1 0. *iqar a jl <Lall 

l_y£h S ' . .il 3<bjj . 1 0 ^^ll 5 3^ (Jbjij Ajbuill 3 -0 (j' 3^'" a- J 1 i ^ ■» J 3 ^J 3 *. 

lin.ii ^a. _jl_jAJ jl i~Wl JuH Jl/La. 3"° Aljg . .i_i 4 njill A-nauill 3 Cf tlLajiauall oAA 

liA ^ jIjjJI jbiiVI 3- £ ji Hauj .(Soil leaches) <jjj 1 I ^bij eb* Jc. 
bnibli bijji<bl tillllll ^ajilill Bioluminescence ^jl jjJI jlbll J] 
eil jbiil ^ t ^iVn . n ^bl t (Photobacterium phosphoreum) 
Haul tiLaulldl siiA (_s jil bp.U 3* .Lumistox j Biotox tMicrotox 

-ibll IllAj .-baLai SaLo (_>l^)*ull 1c. t" 1. la. 1 i Sjjoi » j.^ill li 1 (i’i 3^ illuj 

>J.h< ^1 AjJJuSull jbtajllulVI e j^ta.1 (j* ^ A_ilc. 

^Uuullxjj! 6 JUJI (Jjj-uj .A-aLuJI (JA A \\X a 

ill ^^3 (J^IaaII L flxjj^.11 

(Reporter aU\j* Vibrio fischeri —11 c> (lux) ^ jl c^liisJI 

^3 a \)’ < 4 * ill ^j^I-xaII a_a jlic *ki i ^^3 AiiliAll s^Jajjai c^iVi genes) 
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^ic. 4JDLJI .Alcaligenes eutrophus 

(jjljtAll ( *_>a i _ ' ml V' ; ^_lc- f. (JLoojlj i (j jIxaIIj ?.La]l jl 

UuUi ^jjLiLc A I? a Ail <lj)^ xa) z j>w*ill dilx^jl ^Ahj .La. j\ JAJ S^)3jja]I &A W a'I 

.(Spectrophotometer) ^ y±l\ 

S.li3aJI djljjl ^3 ^IajaVI (jc> (Jjjj-uia ^>a.l c^ULa j 

AaJlxA 6^)j-aLi-o (_£^aJj .A_i3lxll J A_aJljLA]l diLuflJ ^.JaJ ^A 

(IlltrinSlC cAjliIjuJI A-ia^l^nll A_aJlxAll jl) ^.xjtl-dl (jdAjjlL C_L-a^J iA_ix3lj 
a>\La1I aaIu .Alnll ajIa^J a_£jjaV I aJI£ j]l JjS ^ cbioremediation 

CjL jUI ^jajjj aJI jj jl (J^C- t Ail jV Ajxjjlall CjL1ax]I Ajjlill A-ia^jAill 

^kh» a ^^3 (JjJaj Ajjlill A_ia.^]jjj]l A_aJlxA3l CllLaj] 33 j . (_£^)joij (Ja.Jj (jjJ (j-a 
Ia txs ja ,jl aJ^VI lili . diL jj^JL ajjIaII A_3^aJI 6 La]I ^3 (jLaVI 

l^jLa. 3 xj Aj ^jI33a (jl j cAjjlill A_ia,^jjj]l A_aJlxAll A-^jIij (jjotaj 33 

JoIb Jl.x^a^ A_L>-a £3 ^a 1I l3A ALnJI ^ilxu A^lSij ^-Iaj 33 c^jLuiiVI A_au-a ^ic. 

3xj ^ a_i3! ja aLL*uj a^jjI jLaVI o I a c-ikjj j .(Monitoring only status) 

. £3ja 1I cilL ^3 ^Jauill CjL jIaII A_ixjJa^A AjijLa (da I j)A 

Jlaj .Ix-ajJ (j^iaA ^LI_J A_LujI^j 3xj (jA .Iwa^ll ^jj jjl (j^AJj 

AjjL^^II A jlwajAll ^3 (JaLujI ^ic- ^-LjoiII j}A A_jj^)S]I CIAj^IaJI 

CjUjIaII j CjU jj j£ j j^JI ei^ c£^' (Conductance) 

CjUjISJI (JaxILaj 3xj (jC- A_j3I^)a1I ^^3 ^.IVuaia ^)al <*_J _^IaaI tillLiAj . SjjISaII 
(jl IaJj . oAWa djlj^iA Is-^jJa aJ^xaII Aii3All 

CjI jUJ (Jjjaj ^aJJ t JJ^I j A3li^)J aJj^xia A-iJjjJa A-ila-J A_laJJ^)A AiiS^ll CliljjlSJI ojlA 
^xjjjj J ^jaij (j^AJj . «1 xj (jC- (JIalill A*-£3^)j CIjI^ja ^.jjJall 

(Ji^j 4 j\aC> ^3 j^)^kAll ^a^Sill luojl Aj jIaII ^SI^aII A3l£ ^3 CIA^^aII d3A 

.CjIj jIaII 
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^)dc (_jaIj]| 



j 14V1 IL lj! jLuxa ?rUjt 

Production of Antibiotics by Fermentation 

Derek J. Hook <4 jjA •<_,-> 

AjSjjjVI 9 laL all CAjVjJI 3M “* 

3M Pharmaceuticals, USA 

Introduction AajUl 1.18 

^Llc. Lai ‘ i 4 ;jj*all Cj|jLja-a ^Ijjl (Jljj V 

* s= 

A_1jujLujV1 4 J*n\l J ^ A1.1xa dll qinixi ^3 Ad] jl jl ja£ j! (jLudjVI 

cdLiA .^jLaijVI ^^-C- ^3 AjjoUJ^)]I AaALoiaII (J^s xujj c Ajjj^dl dll-AdaAl 

Ad^^i^. djI-AdaA^ Aa^a Aj-^x^ I.a^.jJi] IdLiA-d Ajt. dgaA.ll (JaI^xJI ^ja JailS (jl&da 

d>U j] jjjlall j Sulphonamide djI-iJ jjiLJ :Ua j 

l. Vu^a cSUUa j .^-da' ji* jlddls !Add jS j .Fluoroquinolones 

t Oxazolidinones dAj ijiadl jjl j^jVI tAjjd^JI djIi-daA <jA ^LajS 

AllJ ^ja j . LllaWdl td^d^. 1-AdaA Ada 

^jaC. £a LdLxd^l ^jji3Lil]l (Ja -d-1^ Adjd^. jldaA I .lx L_lx_»-a]! ^ja AjI 4A_i3Lx]I 

cP-lactam Generic antibiotics ajj^' dJidaA 

ajJ li! V] ^Tetracyclines dilnKjJ j±A \ j Macrolides cjIjJ jjSIaI! j 

# AdaidiA]l AiKlI j 4^ ilnll ^*1 .'W'diVl ^JAdll Ajx.U ^^a AdldaSVl 
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^)^C- <. — Q Id dlULda-U UgjULUI dlUjIKlI ^)l ^gJjoj! ^jl 

tcilU] .^A\y j diUViTn^ll ^jc. Vid \*\aW diUU^aVI S^SjIaII Ajj^VI 

dlU ^iK oLVjU l*^*-J (JUa dflJaJI AjuujI J AjjJa. dlULda.^ edLUKI jKjjll jU 

Ajj^VI (jjjjaij (j^a^)3 duU 6^3Jjjail]l ^ij .VojlUJI diUjlKlI (. Og‘n>n Sd.1^. 



^jl ^aLu>V I CS^ (J- <1X ^I cHjl )\ )3 ^Ac. (jK* \) Uua J^jdall L ajlnll dll A &d.laJI 

4 qKH Jaia. ^ic. ^jJjolJI jj ttilli J! iaLja! .S.id^. <Ujj| c_flLujj£l diVjLa-a 



^UVnul £_uj jJ &U& 4.1^. jJ ^iL-u-o 4 j^>. 4_ilc.^}JU ^.'alx'.^l 4-C.l u^nll 

(AiJSlI A^) lift a I VI . I g*n'lx9 dndl I xm's ( UlaH AjljujI j VijjaJI dlUlda-o ^ j-oC- 



^9 ^I^aLujV! (j-° Vpl x^'^VI IajLLo 4dlj.l]l 4x.l u^nll 4_ldax_xi ^Jj ^jl 

.(JLa-xJI lUfc ^9 ^LojjjujVI (j-® dUJI 4_l9 ^51 j ^9 Ajj^VI aUfc JUg l_ al /iTKI diVjla^o 
diUlda* jjalSc. idldKI (jc. UK ^lyill ajjjVI dil£jd (j^axj 13 a jIS UK 
qjKj <jl (jK^j Ajj)j*s\l 4jUiJI dilK^jdA (J\ ^ a\\ ^j 9 <_£^)dl 4_K1 c 

cKU ( ^ic. dn.wll JUaII j . ^)i_fc-al ^aU^kl dll j Jjl^xuL (J^jkllj £ J Li! ^ ^ \ \ S— Jt.'d;.a 



^ Bristol-Myer Squibb s^j^“ jjLa- J ^j 2 > <jLdl ls^' j' J ill 

(JjijSIjJjj lfrlL»jaj<a ^gk 4 'J j-v II dbLda £-l2jl Jai. jLb-b 2004 ^alc- ji 

.SjjL^ial ljU^V ^jjjjai 4 Syracuse 



AjjaaJl ljIjUxa ufillual 4 _aIc> A^aI 2.18 

Overview of antibiotic calsses 



djLjj]n^I' CjbLj=ui j 2_ijjaJI djljLj=u2 4 _l2 I ul]I djLxjxall Cljjb b] 

jVjJ (jj^4 26 C-ljtaj La 2001 ^Ic. ^gk tjLaijVI ^LLtl ba, ~lVnu^l l 
?.l^jj| ^C- jLjj .^ailt (^jc. AjjJ^II dll 4 i^-i al jL/j-i (j_5^ 19 

(_3_jxa ^).alnLl 4 ' » J 1-a j!i^L/l (jJj 2 u 3 (JI AjjjaJI dbl ^•Ijla.VI dlf.l^)J 4 j^LLl ^3 

^l.i’s'nnVI jih ^jaiLuil >">■ } <£jij ^Lllj 4^LuiiVL j^-alLtll ^-jjj* 1 * II dbLdus 

Jjiiij 4^Uj ^j-a ^>a£t CjLiaS 4(j^]j .Llaal j dgl! ^gk bljJaJI dbLdbal ^jljlLall 

^_ya . 4 cl^)^]l Aja.Ll C. JJC- (J^l_jx£ ^a.W'inn AjjjaJI dljl i^m ^(jlilalj 
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(J-0 (jJa 12500“ 7500 Jlji. (ji jdl Jlj ‘4A}9.i Jft Jjj-aiJI l _ 1» > *-il l 

Jla-a J lAd.j 4ySyjxL/l a. 1 Vi .a II cl iLV J Jj| tj-a ^AiluU dbLdus 

. jldL/lj ^yjliiJI j J _^aj dil J-s a5 *daLa. ^yc- ^^c-ljj 

. (jLdL/l ^Ltc. ^.* 1 W La !>bla AjjI jJ l aLdal ^ys (j_j£Lo dbl dall oLa (_ya*J 

^bViml Jc. I Jaa. 4-dVI (Jldjj ^-a bllaJI a La d^yili iLjjjl 

dj i ja ill ii jlc a Jal_j*£i (jldVI ^Lbt] “LaldluiAll 4-lj)J*sll dljLdua (j-a ddtll 
dddl ^bWl J ^)d>.ul (j-a J. Jl Jlc. tbjjyVI dbLdui] Lglll » n-a dj dutVjJ 

.VJaJJ tdllAL/ ly-la 

(jjj Lujd (jyijLda (jj.<u.»i3 ( JI bjfVII ajlduL! 4jjjL/l Jjjji ^dj 

judlj . 4jjJ VI dljldua (j-a i$ I 1 sLu-taV I j 4jj.1^» \l j»tj£L/“Luj dbLdus 

dl nln . i/nil lj (%30) Cephalosporins did j ja~ J ldVI JI ^LLL“liiJ (JJCJ 
Lai .(%15) J&'tf-tdj (>1 csjl.L/1 VjjVI dbldwj (%7) Penicillins 
did] jjSLLIj ((jjjJI j-a %24 JiLd Fluoroquinonloncs dljjljdJ jjjiall 
tOxazolidinones dbjddljjl j£jLM JILL j .%20 J' j*. Macrolides 
detracyclines dLVliVjd]! 3 tstreptogramins dldJ jejIujlJlj 
— II Carbapenems dLadyL J]l j tAminoglycosides VdaVI dldjjSLLLJI j 

t A jj j*\ \ l d! ilad AjjoiLuiVI 1 aLdaL/l ^;<aV djD ^Jj La ^3 j .A Viall %4 

dbjLLallj IgVljl (jJjadi] 4 jjjV! 4jld]lj ' « VV'j Jjbj Ig-allWiI (j5J 

Va! J.2I a lA (^3 ^ jda jj 4dia IJ Lj nVIl djliLa a jdj <ji£ lldj ‘La.lVnu.all 
. 4-iV/lc- Jji!j*£ dldjjjjai JI qjmll j t" il id naiij ill jjjjaj ^cjjIj JUd ^j-a 
Lag-a LVilc. JlLaj ^VjjVI dljldua <jjt jl]l JbjVI bLa Jljj L/ t JatslLlj 
(j C. JdU j t£joilj l—Llja dlj Jda balA Jl£joil jJjIaJ i. _ inn; ill dLL-aLL] 

. dlLillj jLill jj.a.iL.aLM jjjlj-sll J Lalij j tjl JjJa 



A » . -n ' ( JI WJ 

^jyaJI «^ji. dill dljl 



Ljldj bx^.ll]l bljjl^JI dbLd-a jUu9J J-aJ c^lc. J£d 

dljLol^a (JalLull Jc. ejlc. tj > >lVlll I La Jfl . 4 -UhAJ j c <ll ~1 > . 
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^Ii3! dal o La djliiliS! (Jj5 A-qA^JjolaII AAlLaJ! C1 jIj£^a]! j 

f * 

iAjjaUJjll dllx-aVI S^A^-q ^ ji^. ^.lix^ai d^ldad ^jjj La Ull6 

* j> 

(^a Laj ^U^i'l 4 j nd (_paLaiJ j)» dlLai dLl^a (j^a A quli-a djj^ dljLdua • 
dl.Vn n; iA ;q|-\ dlddu c^ldy _ Liu) ^^-aj jd t 3»jn«n‘i jLuia JLLi. 

.(Nisins d l \; > "jil l) ^»m.iLi is^J jjjjj (j ,*/ u --»'i jLjia JUd dn 1 jl (^ d* - 1 

S ^ 4 j "i i 'qY I dll d jjlliiJI^ dllj^L.iH i^ya A » u.->.a dljLdua • 

dbLdui^ <dAJ (_)dLa^.l (_j<a AilLuo dlljx ^j-o <i Ha 4 i jj-v dljldua • 

1 -'ImK 1 .„i J mII Jio (CijHI Polyketides dly^ll dldd. 
•Polyenes dldbl jll j t Microlides did! jjliLdl j (Tetracyclines 

(CljJaJI dbLdxs jpa 4 i j-s A lildal £cili] dl jLmll oiA ^LLli La lilt j 

^gjuiluil (j.ijnn JSa& ^j-a dllii ^pll « GlycopeptidesCijUl dlddll Lila 

. yUl ^ya dL/Lal dj jjjd <jLdlj Jda 



AjjjaJI ^LiSL? - Lid dbLuXa (jC- dale- did 1.2.18 

Overview of p-lactam antibiotics 

(Ll^yija. A dii-all Ajjj-sll Ld dbLdua j)^ jjl J > dj (jlada HjA 

did j ^fm^ll a 1 1 nil J Penicillins dl dlnuinll LaA J tdldo£j | dl (Jl jj y (^gll 
t (j jla . Lu . a y I j tQiljwijiill) djjdl f lnsy-ld dbLd* (jl .Cephalosporins 

tHi j i l a; HI A hi >n jls did dl lid ^Js ( . . dlj . dldj ^Xm^llqnull j 

(JjSj (jl >yi 1 g d» J jjlaJ jjAi. i _ g 2 (»l J >ill dial dldll dd JaS9 (JUs 1 g d » } 

(jli (Adj. W -all oLa jpa jdjlbj .^l^iJI dil>n Lj jfS , ( jys dda ^ 1 _jjl LdJ 

jl I— dl dl j l^da ojd.yi JU,yi jJjLdlj l^jLay jlliyi £-lj l^-aldloil 

> 

C!il nLwnnjill ^a ^jUaj JLoic-l Jill . JiLja-oll AiiLdill ^3 

i 

jill ^ ^3^-^UI ^Lbaftll 1 
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ll)'" 1 .! ‘ 11 T' J d u^Vnul .13 j . A-ijJaJI dll jl .> 1^1 ojgj AjjSuJI Aj.uiI.uiV I 

I^JJJJJUI jlUu.illj (jjljuij nil AC-_^LLa (JlSdV { _g£-\ U.nll ^tliVI ^ 

^^C-liua ^tijl dllj idlV!>Lui ^1 <_£3]l «<BUI (jjuiVl ^'-‘sljj JJjiaJ • 

djljluiaj jjljlaVI ^Ijjj LljLuajSl ij-lliLaLl ^j]l dJjjl£]l (jj (Jjat-a 
i> S J^ CjLia5L\ aI^VIII <jjL^j 5L\I ciAjc.^Lil! AjjILiaII Ajjj^J! 

. AjjAa-ll cj jl 

^cl Vx^ra olc ^Ic. A-j^lj^raJPlI j A_1 aJ^jI £-la3 • 

^Li£)U (J^A A_JjC.^)a]! A_lljL^JI (JjjJ^LxjJ! Allj|j (J^.1 

^LlAJ^l! A-lt.tlLx.tlV 1 C6JJj£ CIjLia^j 

Ajc-LL^I! JJL^-aI! ^Ia^JjoiI ^ja A-Iaj^jVI ft^A dilla 

A j^j>.«oAa 11 A_ilS]l ^9 ^^^^-xjjLxjjI (J5V.uj CIiaALuj ^JLaHjj 4^a 

. n«oMl JaI*-q <J^a A^jLill dj^LkJaa]! ^£^jL^-a A»^JLx_a] 




Penicillins 



.AilaJI ajjLS penam hA\ Aoi :1.18 Jlutll 
j jU^unti 2 . 2.18 



.La A ^ Vi a 11 A_jj)j^ll l ol /‘V^i Jjl (jjLxtnn^\l d_aLau£! -Ixj 

AjIaC. ^aJ cA_ijIj]I A-JLxJI .Isuj b^ajx..^iA j 6L -lUall SI^jL^a j 

G ^IaAj Ajj.jaJI CjI jl, x>ia ^ja ^jjjoiLxjjVI (jjVu^all ^LijV 6^}Ai_iA ^)..1 aA..) 

^alj£V — Llij ^joikll j cAjjUj AjqW A-iliJ Vj G JjLxtnn^l c^IjIxaj . V (j±L)jq>-)-'m.\l j 

djl^iilil! <jj .lIjLiS^aII 6-^-5 A-i^.^] jjJ! AJbtall ^jc> (Jj^jolaII <ja 

C, ftilra L_£Li^.l ^jC« aJj^-xjiaJI ^A AjjjLaJ! aIxxiLoJI ^ic. i^^.^a1I R AC- j>a^a\1 
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Pharmacokinetics Adi j^JI ajSjI jaJI o»l c> j AdJI j^tUI 

S/j ^4 nJTu>*\lt Alnil ^3 jq niui JJC-) A-dj-a^ll (joiLuii. G (jiljm.; \nll t!>liLa3 .Ldil 
^ Inn l _j£i did to-laual! Adaj).a^. jjjl Ai - ladij AjV (Jjj^la (jc o jUacJ (jdaJ 



(jS-aJ dldj iAljJa-aaJI dldi dull: V jjlj>»n ~l.nll jjd . (jadl (jjj^ia <jc 

.dll (jC- ojUaC-l 




A Ha " AuUj Cephem "" Ad :2.18 Jdill 



■lie (_£ jjaJI ^ddill AjLaC Aj^.jJ j)£uu Ajli j£da da j -da dill ill 
(jjjjla (jC. Aalii-a AiLlli. (JjjdE/Lal dli C')\ nlj.»nn ^llij _>=d A yii-all dlilldll 

CiljA.i V J G j;\)“i.)n.l\l (j-a J£ 04-y . juVill iaLuijI dli jda ^3 dljjjali 
<^<1 ,jija J Phenylacetic acid J=d' u^a^ Gl asL^J JjjL (jc ij±£, 
daVl j 4 joddll ajLoc *ldl Jliill ^ t Phenoxyacetic acid Jdll o^a^ 



oi& (jSJ .aja^dl Add u jl u ‘ 0\i.'^ ^gJsuu ^IdV - Idull Aid. ^gic- il jjj (jill 
ojiLal Jjia. Aj jdajdl ^_uaLa^.y I j ya (_gj>^ (JLa^a ^-ic jjdiil Al^jlLall 

ajdll li& J4I4I I, jj£I AjjC^a AilLuo dll j-a (Jlddal ( _ £ ic Addall dldldll 

Acylating aLIuVI dLajjil ojaa ^ic jj*j li&j .(jiGujn.il II «.(j_)a. j^a 
.AalLdl dld^all (j* dUiLdl oiA JjJ (^ic enzymes 
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AjjILo ^a!i t '.aVill A ibc. (_gjxj ^glill -ijjsiil ad (_gic. *• • A_iiu_j 

bljja. Ajjlfi dl jj jl Ajjja. dl i dl illjuilill ^LuV Aalids A la indl Adi 

.A-llljxil^ j 



AilaJI ^LiauSLJI ^aljill (jiljmjn.ill A. JjujLuiV I AjjjaJI A_dl*i]l £41 

£ n rf- 1‘1 ."Penam ^Ld 1 al_ji ^uAj Id < a^>*jj .1.18 (JSdll £j j.all 

(jdaoa. jild - 6 aj_y-a ^gic. A.u>iL» jjV 1 alji]l ad d.1 (jjijla (jc. odd. dl n\)> j\n 

VAia£ Wk>jj 6- amino pencillanic acid (6-APA) 

B^pdl jdA/l Ac. Jill’S A £S_J-<s (1.18 (Jl^l ^g3 R = ^ 0 j ' 7* “Cnjlp. (JjaLyLuU 

AdUill (^)A_jp.^ (_pLail jps^j hJjLm ^gic. . 6-APA al_j2l ^glc. oJjp.j^dl 

J£d]l (jjiail A iA\l ^Lull ^gj' i.aj81l al jail ^ did JJ+v > i jll 4lmll bljJaJI 

iAllLa-o A4 j^)1=l1j ."CcpllClTI ^-Audl" 6 1 ^a-uJ U i_uSjj]I Id i—sjxjj .2.18 

jd2 — 7 AjxuLuiVI eljjll ad d.Ll odd. dld^j iiu .* ' t .~1 ' 

7-aminodesacetoxy -iij _j±d jlliuai mu ijdo. 

add idla. Jui!luu LjjLpl£ l^Jajjj Cephalonsporic acid (7-ADCA) 

• 7-ADCAal jdl ^glc. ajaJI jd-oL/l Ac. ja-\a £5jxi (2.18 JldJI R=) 

£aiLl a^^pdl Ajjjj-sll A_lll*i]l ^_i]l ad dLal_jii]l ^gll Ldjl jLd j 

jjjJad Id d j ."Pharmacophores Adi jdl aj^UJI JJ ja." 

^I^jjtll Ajjlajl jp 7d tl*ja:l j Ajp. j ] jjj AjJLxS i iula . A'd add. dll dllaaildj 

Beta- jLolii^ - lid dL<u_pl LS ^si bi^iiSo dLajjjl d bojlLsj t^l^pll aALoj 
. lijjddS Iglia Allia £-udi (jl Ji AjjjaJI dbldw jJad ^.21 lactamases 
Li j£j ^ j i^gjliill (JjaJI dl iiln.iini (Jjljl jp jjdLuil j^^aVI j (jiljmjuVI j)l£ 
_d l^j Via j AjlljtS Ldai Ij^Jal (_Jj JaS3 ^l^iJI A_p._5^i Lj^)j"l8 \ dd Aailji3 (jl^lLaJ 

z s * 

Haemophilus aITm// ajmJcHJI djjli ba^-dl ^Ijill aJLoi ^1 jjl 

aJOcUIj iEsherichia coli -LZjjjyi acJ pUl y i influenzae 

.Proteus mirabilis a*j I jJI 
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6- '-s'n.'il jlh “tttlAiSlJI <_iLo*llj ^r"n.a (jjlauill (JllixAj 

(jxs Lajlj t<xii^ui3l 4_iAi dll ijln.ni nil laA ^ul ^lA. S-itA APA 

(JtLi. (jx AlH j t diljj ^11 q null A K .All 7-ADCA Sl_^iil ^ jllall ^tuVI 
4_iuil.iui a\jjl\ ^1 "Penam ^Linll" AA\1 <±^1 ^-s si _^j ^ya <Al j<n83l dilll-sll £_mjj 
<itA=J .(2.18 j 1.18 (j jKuil l JeVI (ji _>3=»jl) "Cepem t -.jqj > > " <11=21 

n_)jj jam jjl qj . .11 A q A ^Ift SA jAI ^ 'm A/ 1 <£. j^aa^o ^2| <£._j!Lo Aaajla. (JiALui 
.dJtillj ^till jjjlj-yll djljjjj^jllsjaji (j-a AAC. (Jji^vsll Jl 



Cephalosporins 



CjUjjj^jIUxuJI 3.2.18 



4_ijj=2I Ijjj CjIjU^uJ £jU 1I (jjjjjjoj j3lqj..ill <■ Vn^i i_Ltj£l A3 

(jjIAll ^ lic.1 Aj . LJUajI tLijjJjjoi Sjj^a. jjjLa-21 slu (j^ 1 <3Aj-alt 

(J>i A ya jj)->ql £jtj ^ 1 djLAjAl sli (_£A1I j £ > -21 

iu LA <qjn^>-i aj&I (jSJ j t Cephlosporium ^1 jjV! ajJ j 
i^ljSV-llu <c j^?-a stall ijtia-a jlAjx <.(Acremonium chrysogenum 
C Jjjjf^jlliua (jlS. jAV'j tpenicillinN NgiS^uiull jl£ UaaJ 
l _ s JaiS <2Li l$i ^ <L«^a AlLi ^al jll ^A LaJ Aj tcephalosporin C 

2_i jja_3l djl Al ■ .n a /j^a AjAa. I <j ' ■ ,n ■ itliAl jl . ^I^jill <ALuij ^l^jill -tuLA AjLijIA 

A i»jn A\ <aAo dlljj jlliiui ^ in A\ djtijl£A ^A ^1 j£V — tnj dll a' .J-i-a \ (jjLtSAI 
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UaN 1 j)\ ^Vu J C ^jxdl j .6^)Lc«I ^jjoi! 

(j-o CL^'X JOJ Jjjiaj J] c. flAg-i 4_iC.ll^a cllV^Cu (J^juiaj gpol^j jJjkj ^-IjI 

•C qu jj ' l ^ aJIc* j^l jj Cephalosporium 




4 C 4 ^jgj^lflAxdl (j-<a (J-k-<aVI *<_£ j?J CS - ^ (J J)'*-^'^ " ■^j>*a > , lj 

^ya (jljJjlLa £JJJj .4-lijAJI 4„L.a.L.a.\l p^il ^ j'A JJjiaJ IaJUC- (_£ jjjj-iall ^ya 4jlj 



) ^jj j ^im^ll S u ii ’i!_jj AlA <_)aJ 



Aljj.il jjn-flVl <jjjLAI AaaLAI ^ya Cajjjl .llAM Ax. ^a^a 

Glutaryl jjj yy - jlliua JjjU jkll ^k- J Amino-adipic acid 
J J ^w Jj^Vl Sx. All j,] Jl U^*j ^Jaici ^Al ^cephalosporins 

7 -aminocephalosporic acid ( 7 - Ajj^uj jkA*^ >yJ -7 o^a^ J&- 

AC A). 

I JJ_>a Alij "’J^A" 4aA ^11 AAaA (jAuAilull AA £^iau jj 

_ll ^Jc. Jj* il Sulfoxide intermediate -ku* jJI jAL* c_i£^j 
(A cylation ^x. 4ik^l) aXI J ^ula^ c>^j • 7- AD AC 

.A* n^all A. AjI C’\\ nfutijn^l 4-xiLdl aAj^UI ^jjdAjj l_i£^a]I 










1 g“n'lxil 4-alxl! Clil ^1 c« (JC^I ^1] ClAjj^)^JjaJ ^11 3 udl 4 

-LJa a.U'v 4_iilx3 Clili (J-d jX qj k n ^ fijLja-d! 

Ajjjiixll chi jy&JI j (S. Aureus aj-lajJI cjLjjjii*, tlj 
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Streptococcus PPpl PPPL j t A 4& <> Streptococci 
La! CjUjIS AjJs 4 U;,,,' 4_2L*i ^iUiaVLj ‘{pneumonia 

jj»a aJ-la-a 4x-j>aa-a Aba a lL! j 4jUt3 4 _i]Lsl 3 i ^IV’i 4\a ^bLL! 1! ! i ‘ ° 

^Haemophilus influenzae pj-iill 4_nLa cbLbajAJI 

jr S 

Moraxella UluSI jjHI j < Neisseria meningitidis PjLPJI f 3 

AjJs 4 JU 3 Ja! La jSLLb ^ ciilLill JxaJI CiLii jjxao jlLiuaj . (catarrhalis 

. ^a!^>iJ! 4 i \\ , ,i 4_i^ja_a]| abLblill Jlba J.P .' jL£! 4^1x3 -LljLiJ all! j j^-al! 



Liu ubLufl ^ lsj^' <-iliuaS 4 . 2.18 



Other beta-lactam classes 



1 sLLai^l 4 j . >>Lall 4jjj (jun-a* 1 .!! (_£-^a fit- (jLLbl! 4jtxalj AijjC. alljls 

' i * J’O'S iS'P as"^ t4_ijj*all LilJ allljl • .4 (jx 4_iaaLauVI 1 sLb^aL/1 J.1E. 



^ £iU! f— — 3 J ,aJjj3 4 jjLixu£, 4ijli ja3 abliL^a j obi . .4 1 a Lila! 



Lj j n^bll (_£b] “LajlLal! Jaj ablLill ^^Ic. a3-J®^ as^] *bulb]l ‘La.L^JI bg •sll IllA 



loUbl 4lixa A-pnu^il j»Li£V — LilJ a <i1h.-i1 jlh (JSaij a_ii£!jj]lj .4j_aajAAl! 




( I ) aiLalluj I 

(penatns (penicillins)) 




ibbbmll 

(penems) 




aiUlblill 

(clavanis) 




O 



aiLailubjlljl 

(carbapenems) 




(cephanis) (abbajjiJasj^J^I) 

(cephems (ceplialospoiins)) 



P 

O 

*bila.S f l ajLotiiijI 

(monobac tains) 




(0=X)GUiuJj4jSN 

(oxacepliains) 

(C=X) aiUiii^bjllJi 

(carbacephems) 
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P-Iactamase inhibitors p-lactamase jUUSV-llu oUaAa 5.2.18 



CliAa i."'' \)ln»i;nill jjjau ija.1 j^ lAjlijI AjjILo lilliA 

1'4jLu tlul£ LjjnAH Jj 3 j^ jLalj£V — linll ilitajjjl ^tlij ‘ . 1 g'nll »°i 

^ ^Ij£V — l-Lull <ala. jLal!i£V — lliJ CjLojjjl ^ jSJ • U.'b^iJ 4-uilxua. 

•“Liladl jljia. cjLajjjl Jl (J^aj jl Jja (jjlu.nn.ill) jjj=JI liu -iLc=ui 

o2a (JaJ lIuujI jll dll ;-s jjl jlmVI jdJ j>a j jJE- 4 In'S.; Lm <3,^“nuoH 

— llu dlxujjl J*i JLalij Jill <illi Jc. i_Sj*ill j dlj£j^il <1 jjC. dul£ aKAaII 

> 

4 J . Ljn^jW ojL^ua “LoIa 4jI l^jlj ^cdi Vj t jLatiSV 

IJ Jlii d£>dl Clavulanic acid <4“V A^ISUI (jd^a. J& 



.(jJa jill 



_jAj ijjaiall ’''VuAU j^l IllA (jl jdl tiaJI 

jjldil ^joiVI diaj Amoxicillin jjA.miu..^ ^aVI £-a U-ada ^,i-sn.n 

(j a A^lii-a J J jj'Vil jVI ^.ivimj . Augmcntin^^ jj'nl at, jVI 



4 jjVI dLl^al J i j jjJ S 4'll^lj 4C_1 jj 4I <— iljl l 4° 4jjj‘i5.lll dljL^aVI 
f.(_jjaJI 4-d j)A j; 4 l-4j .-dadlj JJI jjla-all dllL-alj u"ll n-odl i—iljl J 



< j U‘i 1 1 w * 1 o\-^ H 4_ijLjj Aj ^)A ^ J ' 1 < -»U"' a ^ ^ \ 1 ' ^ j 



jjjall (_g-4^ J dt ^tA-llI I-1A 4-° •iSj . (jilj.nj 'iill ^3 o3 jaII 
dldj jl' ^ .' ‘ all j)>a j^All jl ^LdA jj j\\ a H (j^j .’iJAa-a]l 4 ^ _jll ^r ^.V'^ll 
CllLajjjl Lf^j) jl-al^V - tlnll CllLajjjl l4 Cy* ^15^11 A^JajC. L-iajI 
(4^1 (Cephalosporinase jUyj ^ 44“^ J Pinicillinase Jub^oi 1 .'" 

l * m .a uVI ^aJ -j£J 4 Cljljj^^jal^ll ‘Lc jlixJI 41 jLajI£JI 1,^ ^jV,l 

CliljLjall L I^A £y* \\il yLu^^iuij\\ $uA\ 

AjliiJI & LJc. ^Lcl 

l" \\A , >. ^ o aa jy^ <JILI (JaxII (Jjq“niu>ll 




la.j!iLa (jJlaJill i_jIj tdjJJ Lm t^CliljjjjU>il'qn.ill^ 
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Tetracyclines 



dld&M Jj1\ 6.2.18 



<_£d ^Vun'l (i ilia] I 4 jl^iI^]I AjjJ*s 11 l ” 'I ' ' . ^ . ^ya 4i < »'u^i j 

'* si <11*3 j . jLadl L-llallj 4X-I j J>]1 ^3j yldL l dLlb^aj ;^LLt] £_lJj 

^Hjl] La£ t^l^)i]l A_JLai3lj da._^a]l iAj^)ii£JI dLL-aVI AlAxll 

^Chlamydial tReckettisial infecions C-CAi ji' dU$j]Vl 

l$£2>liol J] Ijkvij .5jjiaa]l dLLoVI tMycoplasmaldilj^LLallj 

aJ_j^._jxi]l 4_i*_ula]l A-j jl -s nil dldl£21 ^aj!i l _ s ^3 fLllLts]! ^ya £jai! _j]| ( SLlla]! Id 

if__ysi\j±. JC'in .'dLs. Cld-a dLl ^LuJal 0 jil) La li]lc.j Micobiota ?.l*-aVI 

d& dbl^l j-Llc. j-a J<J lOxytetracyclin jjKLJ jii J ^Vn.ij 
l^i.j>sj . UjL.il dll nil kjlij l dll ^.ddil La£ . jdll jiqVij dliljoaJI 

dl ~s^)3 jj ididJI a jn-sll ^Lbt] ‘Lljj^.ll dl-lldus ^ya -Lc. nil ad da.jj3l 

<Luui ^inuij . Helicobacter pylori LjjjSL Ad CJUti ^iL ta-dJl 

aldb A] Id /jLL Aa3 y LdV I uluajaa * ; Llj),)*s ll dljLdus CajlLa j ^laj 

(JSLdj tdliill AjISjj dLljJaJI jddil dl 11 K 1 I ml jjjII ^1,1-s‘i.nl jLdial 

•hfjjj' ^ (j-aU. 
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R3 


R2 


R1 


R 


4 \ j \\ a\ 


H 


OH 


ch 3 


Cl 


^jJdlLoll JJJJJ 

Chlorotetracycline 


OH 


OH 


ch 3 


H 


Oxytetracycline 


H 


OH 


ch 3 


H 


(jjldlLdl JJJ 

Tetracycline 


OH 


H 


ch 3 


H 


llxdUdS jJ 

Doxycycline 


H 


H 


H 


N(CH 3 ) 2 


^ j , 1 , \ ^ 4% 

Minocycline 



.iiljSill dl-iidl . ^-*41 jLuw, ^)jc. dliiKAJ jail si* (J£joijj 

(jLaj t jjisil o jj ^gic. <1 uj ^ jjKji.i l jjjjjjKII isJ^. -polyketide 

. jlxiV'lil JLxuj ^1 jjKll dljjjl 4ildaL “Gs.j4l jjaViH jj jla (jc. 1 g'ljxK o j\j j 
(j C. lilijj adj jjKjl ..il jjlill ^tjjj jaj jjSLl (jl (j£-aJ i"'l -mK\I jj 



(jjK >.>,,><,j41 jxj (_]£ 2^4 j^- t S j ^i£Jl jc. Jj >..ui 31 jj ^ 11 i ad. jj 

jl t jjKjl . .J jjjjj ajjLiaK d!iljdj a J-iL.il jjKjl L.ijij^ll j 



- jjKjl , ..I jTl'1 jj c jjKjl . „1 jv.j . K jV 1 



Macrolides dldVjjSUll 7.2.18 

_K .VVl Col^Jl 4 j jj- 4 dll 4.dxa jx. Ar. jxl-n. * dl .l/)/ j^)£1-41 

^iLdjj Polyketides .iitKII dlAidl djj*^' j ; * ■ -dll jC-x. J^ld jx. 

i. - ic.^11 Id. 4r,l jUxl 4 ;jj^ll dCLdxs jxs Ar. jx-v xl\I aAJh .(^.Ac. JJC-) ^liiluil 

^JaxJ 4 Vn<all (/* )\ \W ^11 Jlic, ^.nyW 
^jc. 4j jj-uia]! ClAjj^JI CiiLc- a) Ljj3^)*-o ^nJaj A K k til I Lai 

dll ..\ix..a La ^j-a ^ I g jmuAi ^jhn 4 j JlAjSJI C1iI.1j.1c. 
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dUIA (jUauVI 4 dw.XM AdLaill dlAjY j^jSLall i-MV'd . dLajyiYI aAAxd 

Ada AJtii ^g&J ® _P 16 jl ‘14 jl ‘12 (j-a Ailj^s A .a A . da LaCtOIl (jjj£V 

. Legionell ^SLdJIj Mycoplasma SjjLidt jds* j-a j«JI Ljiid 

‘ Vu-d Ajutiil A- 1 miLi.uV I A H dll -Idad A; ij-ill AjiUtill jjjxj (jVI A3j 

‘Erythromycin ja-ad jjauVI J4 ‘dd v i jj£U 

Azithromycin y^lajJiijVl j ‘Clarithromycin j^U jjiijAdl j 

sljj a A Jja*j Jjj jla lA <^41 ‘(Zithromax (jdLajjlij) 

dilij Cllai jii£VI dlA/i y AjldaL ya^La 2^ *4 ajV j^SLaJI 

, " 4 q"i A ^ yc* a jLc. — Aj*aL*A/l AjV j^)£Lail dl Adda dj ^xu^VI ‘ a dl' 

ejA ^_d yd a A_^.jj J) \aiij a jA 14 ‘41 "'d dlila>. dl A dl A jV j^SLoI 

•Telithromycin jA^d jjdiill IgJllaj ‘(3 ^>41 j_>?j4l 




‘ejA 16 (j-« Adljya Aad jA AjVjjSLa _jA Tylosin (jjjai_jliill (jl 
Ldj ‘l& jd j 1 A'lj lSO^J 4' ^^-*31 ^3 dljl jj%\l ( _ 5 lc- £jjoIj 4 ) jaAdduj 
IaI UaC- AaJ (J£jd AjL^VI ^ii ‘Adlj Sja .dldll A-ilijj Ldajl ^A~s'n>i; 

i LbmJ _jA yldXl Ada^)-a4l_j dlAj]jj£Lall CajULall dVddull (jjjid (jl£ 

jLidl jl yl_dV I ^2d ^3 ^aAdid dldy^. ^11 ^ddail aA j^)^d]l IaA ddd 
. (jldVI IgJ (j*adj4l dl AjV jjfaLall A_ula]l AjoijLadl 
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Aminoglycosides 



Cj|jjjj2L£UJI 8.2.18 



a jjjaJI dsljLxax <— aliw^l (Jjl jl qa AiiixYl Cjl .Is j jSjlil! CLul£ 

U .1927 ^1*11 j A'"'. ■''''''' (Fleming) ^jxJa cJLiiSI ^ 

Jaxiljl (jjj La AjjLII jjx Cl U^alVn ax l 'LL JC. (WakSHian) (jLaaxSIj 

_j&_j ‘Streptomycin ^yx^-jLx 7v \S ' 1 ‘ LLxfil j t^aJaLall cisLiiis^Lill 

i« 

^Ajjlc. A^LiiLujI dAjJ^^ cl y* ^ J)^a1I AjjJ^]! Clll^LjaA ^ja \v W t, 

d AjJUill (Ja Lsuail j Lilia L^I^LIaI ^ja aC.jl Ijj . ^axj]l 1 g x>i» n A_IaJJ^)A 

^JJC. Lg_jl A.a,)i.t\. ^ Q A^J AC- jA^fc a \1 &Ja ^jaLA/I (jlj C^l^iJI A_nlui ajjl^)^J 

ctillJ ^J1 AaLja^/Lj . (jiaJI (_3J^)ia (jc- lAjjUaC-J L_L^Jj Csaill Jjj^la Qc. A^-LIa 

Aij^) 3 dilc-^)^. Juc- Ajojo^c. CjI^jjIj j_^Ja £a lqn>i Li^lc- l^LJj CjIj£^a ]1 cJa 
iAjjjS a^)j2 CIAjS^aII aAA Clijl£ JJa ^ja ^c.JLjj .A_i^. 1 }LxJ 1 Ac.^aJ! ^^a 

jclilj a«lix-<JI 1 g*n n ^ innij .AajLLaII Cllljjl£]l .Ua ^1/L*J! ^ Ja^. 

A-jjj^\l Clj!jLja-(J AjLlk-sa-c Ajja (JISjoiI ^Lij! Aj| £_a ^jjaAMI JjJ^Ia q C- i^)j^aak 
aJIujI ^jJaj Lj^LJI ^j] AaaJ^jV! A-ojIaaII CllLJ! ^ic« c . J^.1 (j-° A j\i-^iV 1 
cl^Aj . CIjIjj^^JI &AA ^.ja Aj^)£juJ! a- 1 3^^ a^joiS j! ^IiaV! dale- JA.71 A ^ja 

(_£.J3l (Anilk3.cn) (j-lull ^JaI t^X U^a\1 AJjoI (J^iJ'uJI C_i£^)a]Lj A1Lx.ua]! Clll^. 

.(B Kanamicin) B (J^jLaL£]I a_ 2 c. J 
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Glycopeptides 



AjjLuii) CjtJLmJt 9 . 2*18 



AjjAaJI dll ^>lgJI ^ flu*<a31 I^A C_alljj 

j\ c^Adlc. ^JC.) AjjI *nuJ jl Aj^)JaC- A_iiixil ^jiaLa^.1 AjlJjoj dLil^j ^jjjaui 

cAj^laC- (_£^}^.l j (Jjuj^Loj dli^ A_^.jjLg Ain-al (j^aLo^l Ja-jl^k 

^jJaj J • I Aj j.).^ll dll jLd-o A \ n^al dl_i^)£jaJ ^3Ldj (Jl ddl 



jA Ig .aAl jli tdlj£^)-a]l dll<a a^C. A.C. j^-n^II fi^A 

ixk ajjSjoJ! dld.u]l dul£ ajjjS sjla .(Vancomycin) j^UjijlAll 
A_^jlLa dUjlS ^jVI ^-laj Ajl VI .Ajj^iU <LojlLa]l ^ajjl^)^JI -Id ^dVI ^li.JI 



CjLuSV - tdll AJl^. ^ La^S .A_nUI ,Ja.i^..A.ll Ajj£joi 3I dl-limll 

^ A^,\Vu^'l Ajj£joJI dl«limll dljl jj^JI ^ ^al ddaiV I £_£jl cdl-liV j^SUJI j 

a-g jlldl dldlill jL aldiVI ^1 t(Apoarcine) (jAujjlijjVIS cjtdVI 

^JJ \_^_ A-ajlLall aJI dl]^^, -13 a»l3jd3l j Aj^SjoJI dlddll 

^tijVI (jjl^ll (jj . (a nJill Ajj>..)ak3l dl^Ld-a ^1^ ^-lUl Jaj.^,^31 

p .Swn t-ya. lAmycolotopis orientalis y*> CjbL^all s2$J 

.4»U/ki <Ajoi 4j-l*-a l" '1 <V jl LoSi LaJ t(_i— aVI AjjSuoi]! C1)Ia£Lu1I 
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Streptogramins 



Cjlkal 10.2.18 



jj^a. A 4-ij)j*s \\ CjLLiui ^ya (jJ.ll.laJ! jj-jiL^all j)x o.lk j ^A 

Cjja. (j^s “L-llc- jjc- j i^Jj-aLd! A ljjqll diljiuJ! jjjjaJl Ciayla 

4 Ij..-i^. ^a ^gjll (Synercid™ y^.j'ij** 1 ^) ^^l*JI sUa*-dl saLJ! 

• B j A La j t CjLxoI yC. jJjyiiaJI j)>a LoLall j j_nj 1 j j)l£2aaj jjjky^ 

(AjjLj Jajl 

ijji* <> J£ LULoj .^^ik (Depsipeptide) kynnwip ja B jaJ j& jLjLdl j 

1 ilj L_o 1 <\g » <\-N Ale. j£2 j - ' ;jfA" j^aj j^a .laJ! A J > ,nL Lyixo yj^LkSI 

tAay_j]l jjjjyla yc. Lk jjjjaJ! jL^uJI I A ^ L* i . Ljj'i'vli LLL klUa yL-ijj 



Enterococcus SjjSJt kali. j jill kLJ LjjkJI JLi ja j 

iuajjl 4 jj juixJtj t(Vancomycin) jAuukjSLilail kjlLJ! faecium 
J JkL Li j .(Methicillin) jAkuk k jlidl Staphylococcus aureus 

y IJ.HJ ^Sliuj Lg_jl j-lilj to^A CjlilalyC- jliajJjoJI .lala kjlLa cJljA 

kb! jjaJI kb ^3 (Virginaycine) gyA xm>jiall 




New Lipopeptides Sjj^aJI kiAoll 11.2.18 

k. yxaak kildl kjjaJI ClLLiua .la.! jA (daptOlTiycin) (jJjoLlLa jjjlj 
o-lkall .llaJI dlLL-aJ ^2le ^ bj.la. l^-a! Hahai! j_yaa.j ^gjl! 4_nA.l]l k-limj]! 
kj jSjxJ! . .n ' ^_il! J iblak !-l^J kJ . n "s CllV^lui jjE. kaa.b]l .Jajl Aula CllLL^at j 
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(jjlui uAuJJ V jlLJI CjVXJI U-L Lu) Staphylococcus aureus i±^±!l 

- ,» o 

SjjSJI diVLL« j Steptococcus pyogenes 4'^pJt -VjLJ / j (methicillin 
.(Vancomycin) <jJxuLa jSjUB ViLuVI Enterococcus faecalis 

i LuulU 11a dljjl (jj . dl j_j]l (jjjjla I Vs-n VI -I .dVI 11 a L*»j 

^ill AjjlVI dlldLdus (jC. aEuI pti AdAdll dlldduall AjtlLJI 4-ljlVI dlldLdus 

S > 

dllulSJI s i.dl Vila t4 . ^iLa. CiyLaJ adiddi <■ aiLH Adda dlldLdauL dl j jia 

^al daduiV I JV (j -0 ( '— ^ -I >s-ia o 1 A ^ jdli ^aJ . (jjljunii.all j (jjjauLo An jliLall 
^c-aljj dull dllj t^S dj.Wnll I frullxi 1 . dLi ^llml dlllj ijJa-aVI ^ ^^ViLdl 

jdai tdiLdjnj £j_u!j Aall*J3 • Lila dill Aijia. dlldLdm > Ll jjtd 4 yx a Ail j_V 

jdldll ^Lsu .^aill (_j£ ^2a*j AlVilc. (Jnl_jx£ lAjJ^jlaj 

Ig-alddlul AdlSV diddi! AdAd]l dll dn in 11 qa 1 Vu<n jjn (_£^)dl dl^ll Ajoiljd (j$\ 
dll li^ia a dll AijiVI Aiilxill d_j*jj . Ai jiVI dll IdiaJ Anjlda diLull Id 

i Lilli . ^ jf’Vll f. Idlil i dUaj y-a Sddulla Alajli (JLa. dll da.) ^11 LW 4_ljlVI 

AdlnVI Allfrill die JSalljl £jLl diilll alji £y a AljlVI dlldl da adA Adi 

.Ac._jda 4dAd JlV (JjjjLLuU 

Aiddu Ajjxa. dljdda _j <jiuu| jdnuLJI 12.2.18 

Bacitracin and other peptide antibiotics 



dildLdw (jx _jdl i VnV TyrOCidinS diliidijaijjdllj (jiV j'ljVII ^ din 

Axa jl^)X. dlldLdanfi ^g-oidj (JfLdl ^ddidi ^^iill J 1 » ..nil t _ ? LLaJI ddiull dill 4-ljlVI 
dx. jl AuiLVI (^Adll aLuiLui dilil^jVI oilA (jxakil .^LdVI ^Lle ^3 4 j» >di_^a 
oIa diqlin^l d3j .oLlel a_a_jj-^jVI (juaiiLajlidlli Aluua AdAdJI djlddull ^ 

JJC- 1 g » ja'N i _g^J V_J^. dlldldan (je dliull (_ya oj^xa Ala.^)n ^^3 Ae jh-n nil 

/t- a A -siada jl od^ixa dlLl^^a^ Lai tAula Aduaj (jjdl Ldi j ^■Ijii^.l Of.l^U oUada 
Ajsuil ^ji Axajj_jUJ V ^dadl Alii (JLld (jx dlldLdua oilA jdddl . ill I g . .A* j 
4ij.ii Adljd Ai£^p.j (jLal dllduil jx tillLaJ •Bacillus Ljjj'iV 
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<UjI£ ^al A (JjUai ^ ^alxjjJ l^j^lj t^All (jc. l&«lkl (Jl^ 

^j-o ^C« ^)11 j 6 1-gJ A-j^-iiSo A-a jliLa $. ^ (J : .njJa (JJ. ^Jl (jj ij i La^jjjSJ] 

. U ju>i^\' jX-j *-uj|^]| I^qI JL^JjujI 



Bacteriocins 



13.2.18 



Aj^i^. djl ^1 A q'u/i^ c**umj\ oAA Clil^Lja-c <jl ^C>^)]Ij 

* 

LgVwin .AjL&VI hAl ■o-v‘i.1,‘1 AjjILc. tdliLdalSi Aad^a Igjl V] (_^jjoo 3I ^llVn.iV 

s= # Ji f 

c" l\ l^^all (Jm tLlC-lii^a <-a^-a l^jSJ to J 1 » »^> Ac. J-aa-o IgjL J^Lj (jl t"l1 \n.il jlnll 

> ^ . JI 

_jA I q'uAI IjlA JLa j . ^jjl^ad] O-iLdous AL-allLa AjlLtS cdlLajj Lea jjj2t. 

La CjLLji*j ; ->>>ijj tliojjjjjj ^ciii j;» >^i i±n±i ja j .Nisin Ld** 1 .''^ 

A_pLijc.l JJC. A II lal (_paLaa.l J' t> <d' ^JJJ Uca tA-a^jjJI j 

(jc. t <Vvsj tiBijj .aLL. (Lanthionines tiilmj jAiLUl) 
diljLjous tyrocidm Lij L 1 l ~ ^ u 1 li _?.. j 1 ** 1 ■ - n cj^j d jLii^j^uu ^lAAl j 

J£jdj L)]** 1 )' 1 ^ Wnuj . A_l. ajjjjjj V diAjjjl dj'.L* ,a ** L. , ,.! ^djj A-ijj^tll 

_jAj .A_ll*-ail jLdaodl I j o J'V] A o,lLi'a]l j tjjtf^Vl 1~) A L>^ £-Aj 

t— aj!ix-a a Am AjI ls \c- LjM-^ J csAJJJ^ AajftH j oAaa-all dlLL/jll ^ <■ Vu.nj 

. (Generally Recognised as Safe-GRAS) JiA? l$jLL 



Polyenes uilLJjJI 14.2.18 

AjjjiJI (Polyketide) dlLill dil-ipc. diblda* csjdl ^ >*?-« ALa 

Vd diUjlidl jl da ^Ll*£ ^.uluj (J£du toji^ll t" il 'ij d_g-d) l ^A j 

die. Sterol Jjjd > all Aj,uirI CS^ 3 • lj J dlljLdba^ l^al.WnJ ijM 

B (j jib i ala^alt I La (JlLa J Lpl^ll (JjSJ j CllL^Jaall 

(jil tlds. UaHIj .(Nystatin) jdLu^Ll 3 (Amphotericin B) 

Ajajda (_h>l _j*J ^LLdl JjoiSJ Gdc. jLid£ jt.ldln) G yift B (jJaoLl^)J_jLay I 
(jc- B (j;^jiiAAn ^ Li' ^ '>j j Azoles diVjjVI JiLa tjjlaall j-ail 

A_uAJ Cllljjfoj Aj J JC. Jl£dl La^ .(JLLaA/l 1 1J» . <A ^3 yju j jii 
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jl >j JA c>° (Liposomes •Aj^jA) 

'jjLslt a Atsi JLstS _jAj J LJlxS ( ilia AlLaJ B (jJxuJ jJ^jLoV I (jli 

. A^aj-cAl 




^ jj] ^A (j-a » ja J jV ^^jVuhI ^jia 2 jbjsus _jA 



ajILc] ^A JUti mUI A Jajj V A>° ja j .1939 A Penicillium 
(Keratin) ijAjAl cAS^e LAk. A 1-s -uujj J£A ajuijjjj .^all J^A 3 jc 
JjjJ • Dermatophytes AAJ jjiAl A^ tr Aj J^A Jlii j$i tAilUJ 
(Microtubular AAA AAI A JkAI AjL c> jL*AI IA 



tAi . JiAl ^ ajjAlSI UAAI (jiAi V A^ AliJI structures) 
(jAA lA A . (JjUtU ^^dkall j)\ ; -N II aJslA_jJ AjLlA^I (j*a f-U 

idjl A ...11 i^ya JJlati A^))->q\l AA jil A ^A& ^3 (J AH ^^C-liA latkjl 

J jjli AAV' i_Jk° a! (JjIaj c - jj^ls Ajj-i^c- jllil Clij-ia. (jjj 

.bj^a ciU Ab^kU -jla t(Terbinafine) ^AjA'j (Itraconazole) 

Bacteriophages AjittJI Al 2 iUJI 16 . 2.18 



jrAtl OA'n.'l ^5 (jlS 1 a’n^'l IjlA (jl Vj llajUi jjA ' g ..1 ^j| AU 
^aA*ll a^\l ^1) ^ ^ a A' 1 A yj J . JjjLAI ja^nt' AajVi ^9 Ai^aLk 
. Ljjj£A (j^s AajlLall dlVAAl ^A*J ALA 3 ajtA'W (jV^ alA^ 1 _ ' w ; (ejLjjLtll 

AAs *bj±SJI y^a A9J3- 1 dlVAwi^j oJ^a-a ^-) ^jlj ^sa^aiAl ii.ll.lui CLlLujj^Aii! a A 

LiAk A A 'jf'A' L"’.' A (JAii S-lLaa. ^Ic. JS i*‘i ^ 
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Igjl (jja. j_s^J (jc. IgJjS 4 -jl.g.lll ^gk J 4 ay>.<''l IjjjjSJI 

liable. Ig-ol-liJiuJ (jl VJ Cj|jLja-a £-ljjl LaS ji^-n.*i\I lj-v j] j'C'i 4 U.,1 jj 

Ail 51UI d VS*1 (_£ jiul-0 (j-£au£Xalill 0 Al Au) djljjtxll jl . Aall (J!i-OJ 

j-o tVjl lLia!)lc« Axalj djLiilxll &A& jj£li ^lia LcAjlijul i . ^ j jLiil jLidaiLo dlljA 
diV^Lu J! AiAaj (Jal j-o A_xJ^)jaij S Ala. Ajj^daAuJ diLill ^jk jj (_£^j^)dall 
jjAA j9 jj j . j_^l cs^ ^■^'LuiJI dllil ^jl*JI <jjij jjAII jjfLi jl c_laj tldLij 

dll ^jjjLill Lol . t fljJall AjljoiI j Ajj)jall dll jLda-o ^)9 ji j-o ^>^1 Lj^V^ (Jj-oj jjila^jaill 



j-o (Jl jj ^lj 4 a* \\W dlLui j^iall oAA (j^a^tlii d na c^jjVI lg-ol AaliuiV A_niLall 
(j^alalill jjfLi dll j] . (JjIsJI (Jal J ^ c. Ldanll dlLi^)£JI (J^9 j-o I g -ajlv-dij I g^-o* \\ (J^La 
(JjS AjoLIaII ^LaliuiVI (j^>* j dlLi& jjfL (j' j^-^ (j-® • ^joiall Igda 

jjc. 1$jL jAjj dlLui jjjAII aAA j£J tA K d-o jjfL Ig-ol -laliuil fijlc.1 jU dllil 4 (JjIx1I 

t (3 _$ j^ll (jc. AaliLill ^aII ja*j dlV (_^S Lix_da^-o d ixdVntil Skj . jLdill <LxaLui 



(jAildi jl I g \^\ a\ dlia 6Ac.l^)jll (JLaxj ^9 lg_! Ji£l _^a^)-oll ^AaliuiVI jl jAjjj 

AjISjII $.La1x 1 LiAali <. dn^ll Ia& . jadll dlljjiL-o£ ^Aaliuii ^_ill Ajjjall dlljLdao 

j&La Igda £_uil j (jUai ^tiiV cida^l -^1-^! d^ia j-o A- 1 C.I n^ll A-jjjall 



. Lpl xA'i^l (jjilajll (JjIS ^ j j-<dj f bVn>aU 



Strain improvement 



Qu*»Vi 3.18 



dil^Ldao ^IajI <jjI J jll ^jaiAi^JI AjISjJ A-iiaiLu.il CA\\\k\ Aj^Ij dlliA 

lAjjjaJI 

(jAuiali g-ol^)j • 

SAi jlLo jjc. j fidida Aj jja Clil^Ldao ^LijV c**i\ n> • 

.A-ialliVI AjIaxII ^^9 AaaAali-uao dlLoJ^jlj A_Lojj^)a dlV^Lui AaaiAiAj • 
jj£j jl (_^ jA^-ll ^JH-oMI dll jLol-0 (JL^-g ^ 6 All jIaII Ai^)jtaill 'c>jk j ^jul! 

^^)Iaj l^-il Lo£ cA aVi-oll diljjl^U ^Jnall c_iC.!yLlll ^ Ad^Lac. jjSI AjjILo dlliA 
A-ELoI (j* Lol A^ila-o dilijl£ (j-o (_^^iall ^da-alill dil^Lui-o 0-oAl d AlAa Aj^jLLo 
^Uj jl j^-o-o ^)A5 AxjI < 9 j^)*-o Aj^ia dil^Ldaol AjaLlj^l Ajl-o« 11 
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43ldi! .oAjii. j! A. iuia-a (jl a ' -\ .all ^y> dll k > .-il dlj dHj_^3>. 

Jc. iSj ^- j ^gLil dUft^jll Jldluil AjjlS-al ^ (J-a! lilliA Jlj La liiilj 

.djC-j^JI dlj£j-a]l ^tjjV AjjoiLoiVI dlll^^aJI 4_d 



Conventional strain improvement <|«uiS21l 4£luJI (jxwau 1.3.18 

^3 La^ 4_nj^)d A » j 1 L 1 dlj Lai dL/2LjJI (jjjatd ^a\ JJ (j) 
dljlduL (j'm-s.all ^ILjL/I dlj dLul£]l plilil j dljiL Ljld.1 (JJjia (jc. !^\ 

t _g j)J~i> \l JjlLalJI l j3 ‘Ld Vunall dl jL,.'. < LL 43^)*_ajl A L> > a I jj l^jl jl t4_jjj^>ll 

: ajLJI dLdLlI <DUI j . I ^A Lg£ I AjLgxII 

j j \g*Ud.Vift did J ^juaVil JaxJI • 

^..i.dd.ll ^3 l^JdUa ^ 

jjSjj Lg i : *n^ Ajc-L L- a Ajjj 6 ^A ^IdVI diLijlui-G ^^ic. e-lLV! • 

JaiklG dAjjluj-G Jdjl 

.AJjVI J^-gII (J^<j jJ A*^*G £-G <> • 

JJ j*] t A Vndl dAdSll t^J^Jl &^A 

■ A» g’Wxi jl J^)ii<G JS>d.i Lg| c 1 . 1 8 J j«l^JI ^3 4 _^j.Lg3I c*1Vi^ 4^,jj±a 
.IxJ dll ^)-GXJju 1-G (jl £IjPU 4A^JI*-a 1I 6^A .IxJ 

> 

Via z. Ujldkl ^aJJj dlljlda* ^Idj] ^^ic- I^JjJiLg 

.^Lia-JI JjSdj t(_£^)dl ^)JjIx-g (JjjLuj! ^ic-j 



AjuLuJI jjUallt JJjfc : 1 . 1 8 JjlaJ! 



A^nll J^3 AjuoiV I 

AdixJI AjdoVI A-uLjjill JJj*JI 

LgIc. 4 _XjoiI 



gjjjYI 

-N-methyl-N aJ^ 1 > jjjJ^-N-jjd-N’-Jid-N 



nitro-N-nitroso guanidine 



732 



^aJ CLi! j-oxJjaui CJ)I jxl\ Sj^La juVl tillil AiljJaj 

(j-c ^j^a.\^j.\| ^aJJj i^£' ^4-fjP^.ai' CliL-al^ail H 2 j Ia^jLu^I 

l^ya Ji')^ jU^I 4 _i1axJI o JlA d_iILaJJj . An.V'ba djllx-al j-a ^ Jllj ^lill cilL 

la3j Ujllikl ^aJ 4_1 6 ^)-a*Jjui-G 1 -g-Lc !>l£ ^aj-iaJ (^ 5 ^) AjJ^ill CjV^xJI 

^JJJ AjjujLLs (JjlVij 4-L^)C« J ilWn LaS dAia-al ^-all 

jj£I ^UaJ ^Ic» Ia jLiifLl AjuIILq U -0 a\\ ^-Ic- (_£^ 

^jIjII (Jj-aall 4 )\*qC. ^3 <La*l^JjaLa]l JaLai jVI djlj^£-a 

£^.Ij]I ^j.jfo.g.j .11 ^jC. AjjC-j-q djLL-sal^a CjI^^J ^j-c cLJojI . ^jjuoC- 

Cjlij-alj-a ^jiaxJ J-ojuaJ . jl-U?k V 1 4_iLaC« fijlcJ ^aJ (j-aj A CjV^-u-J 

(jjxu^j ^eol^j jjj Ja (jc. l& jliiaJ ^aJ j]l 4 nii*\oll 

.Jajaa. (j^s ^.Ij CIj' n i-s (J£joi Jle _^-ajll y y j-Q • 

■ 4»n yi V I i“ v Vq^ ^ • 
dll •sVlall (jai (jy»lVlll j • 



Genetic engineering 3 jjI jjJI ^djl 2.3.18 

dljlduJ 4Vn.a\l d^yUdlj i_jfr^j]l J jdl dLLia AjjILoj d-VI dJ 
<1ulLu JaVI ^ le jl tlgJ 4diid! Jjl^JI p. j; ~m ~s a1miL.ii (Jld (j^ till 3 j AjjaaJI 
^OJ dlddua] (_£ jj^JI ^inyiMI j) C c" i\ n-sll |^uj| AjSl 1C 

dljldus ^y> Aalido dylaLd (_5jjdil £jdai]l dl 1J-N ^ya jjdi! (jl *■ <' mu£I 

J> 

^liiTl Igjl j 4 -Andl dllllSkJI (dLa JJOI c" l\ jar nyi ^^lc. ^-adlj 

QUiiV' Jj JSjSJ J3 1 .a (J^joU ~IJ>1I s -^ l - r - 1£ ''^-^ (jl ' -s dl j idL di 

^gic. Id (j;3-i nj .'iajd. dlljldui ^Uil ^1 AiLdVlj 

ijm .dlAjVjj^Lall dlaLdui (jc- <]jjjoidl JjIjSJI dlajd. dl n% die jg-y a 

(Dehydration) ^Ldl ^jjj (Oxidation) SddV I dULuu ujc^I jdadl 
(Jyld jpa dljj tdlljjdSI o^J (_5jjsdl d'll A _dc s-Uul LliJjJij ^aJJ ^^dl 
ajc (Jauuj .(^jj^JI ^ddill dldmld Jl J>Lo Jdd Jaldl jl e'i ijjl t. V*w 
dllij^. jl add. djia. dlaldua ^Ijjl J d^JI (ji’GM JaLud dldJJI (j^ 
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' g'lj 11 a-JC-!)'j]l (J^-i. ja j£aJ C’n^; 1 4-uuL.nl 

<> Llaj ^Vl aiiVXail iS haA\ Jjknll aSI Jl .4^1 

Ojjjoij jfLaJ 4_li>.lSjVI SAbj]' £y a h ja. aid t — ill) j j-Ua jll 3J > nil j (Jjljmnnll 

aliV^Lui]' (_£A] (_£ j^' all' J» ' . ."I ^Ic. j' ^ » u.->" (j-u^j ^Jc. all' ij’s" ^-asl 4jjc.LiAaaJ 

.^/Laaa' A i^i'-nu" 4_icatijy' alii A 

allljjl£ ja all' 1 J-S (JI^a' (j}J^>Ia (jc. Viap 4-ljJa. allljllta-a jlfill' (j' 

<Lalui jc. Sj_ylla]' ^UlLaV'j .(JaaluuJI ^3 j' aV 1 . a^U A=li 4ali=aa 

J Qia. t 5-ki^ j <Lia G (Anthracycline) jJiiLJ JuSlI alible 

alllajjj' (jll a_i£^al] bulaiiV' <iua ad]ij (_g. Wi" 

> 

(J£laj SjAlS 4_iajj^)^. aJ^Lui A m.Vifr jf’u’i . Ia^)J_i»’i a _ lit >^ii (_g jj*a" j .' ' ‘ ^ 

Ia& j' i" 11 *a 1 a aj-°_3 Ala (_jjlLa]l (_)al£]' t jj j_jAau_jJLaiuil' £_liaaaJ jluLia 

(jC. G j' V "j" aj ‘ *'" ^ a4jjaAa*J' all' 1 lAa'Ll 4^avHl j£aJ (JJ j^fmj'^nn" 
Phenyl acetic (_ s -hili" JaJI (jAiaas. Jla aAjjJaC. (Ji. (jAslaJ filial (jjjjL 
s' jS Jl (Phenoxy acetic acid) yua" JsJI (jAuai. J acid 

(jjjaJI jluia ^ (JiaAj ^-a-aJLall allLajjjV' ^bVnAj (jjj_^lauj]' qjm" 

4 j'jjc.y'j Ag -s" ja ^C-^lLlj 4jl V) • C (jJjjfmjl'sna" j V (jj',l“i,lil" 

j& A'\f ■%' ja (_j-a Aj V (jill (j.Wi" j tA*j (d Alb jlj 

(_>alaJ £-jtj jla3 QA A jilall (ExpendaSe) j'ljliuiSVl ^jj' JUJ jc. JjAj 

La=J Jjajjoi La-a 1 1" jLa Ji.'j ^Jl Cephalosporium a AjUut/j 

. ‘Liji^-it" alLiiJLallj (_^a^ -s"l . u^U Aiila llllj j yiuijW q 1 . .;' jIoLia" 

Production process cjUiac- 4.18 

J£ all] j~Ci ^2j a a “ 1 ' i'nir'1 jxi A ali'^Llad t~-' w^i" ^ajlaJ 

j« alLlilj^alJ' J alLiilaJjV' ^3 all3 j Ala SAlia-a aliilS Igla <iLaC 

tlaLil ^JL^IHi 4<]lx3 j a_J^auLaJlj aAdjuA^a ^} u allLiLaC ^jlaLa" (j^]' 

CllALlsua oAA ja r . ' 1»» '1 SAUj] Ja^al jlall a_i]UI jc ‘Ca.jSlI |]iA ^li A3j .aAA 
a alls' jialJI ja AAc ja ^lliV' 4-llaC. .^lliVI a iK ^jAaaiialj 
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J^LuVI eluj] jidVill j hd • 

i^lluLU c“ i\ -LgLlI 4 ua£ aluj • 
( ts u 2 uj)/l JJ‘ a '* > “^ • 

4iL2/UI 4_aJljuaJI dl jL^. j g’n-all ^La.^)!iu)l j • 
I^^Aj £uiidi]l dLaC. (j^ dl jlrs 4^1 “liLdLflj 

add dL/LLu HjJ jljdLaV LajLUl A Vu-all dV^LuJlu i—lC-Hull dll jl-ac^ • 



dldalj^ dl j 

t jiaVill dai*J Lulujusll ("ilL.nl _^2I ^g3 t"ilnniVi • 

.A qK\l Adaiada Llljl 1 ya ^l.'iVnul l^ullwalj dVLLu ^^ic. i_Lu«Jlj • 

(jl ^jd jj d (_ul _j^JI oLa ^1 (_3^)Jaiil -Lilllll dl jaill ^gi d i " j 

li LjU^JI dljldua ^lujj ^gi Laddauall 4uj.dJI LjAiJI kiLLlI (■“ l\ iLc^ 

. I^jjlajj ' . ^jqar i j!ll 



Fermentation process jjavMI Aaiac- 5.18 

^IdL/l LLc jjxa ^ 1 & Jllal (jjLjouinll ^lujl 4 jl-aC. ^Iddul (jSLaJ 

dl J IJJmII (_pa*J ^^JIc. Idajlj (k|j)_ 1 ~s II dljLdual (jjllajll -djail jll ^^C-Ldall 

£&j] (j.ad’i . *La^)>.n'l.a\l (jjjHull dl jprnll JUd 4 _iLutJI ad ^^ic. dl^Ja C 5 ^ 

^lujj AuLaC. g dl .all (j^jail (j ^3 dl inma-sll gi t ^a.jjdll Jldllj ^jljdnill 
Lajlj t jjdMI A iLc. (" n-s ^ya -laS 9 ^jmnil t|ajala< JJC. (dl jL^. AxJaiua 

i_Jdl.i fin situ) tg I ‘ <n V I l^J«-d_^ ^ ^ajj dull ^^ull JaLoijVI f>jWi dua. (_ya I djl 

(j^>j U^J ‘(Lactose) jjulLUl AjjSus -LLujI dull dl . ^^^.^11 

* 

Lai .^luj)/l AuLaC. Lid ^^3 jluua ^jjl ^d’ntil La£ (A£.Lai 120 ^Lu)/I a^)jJ 

> 

^jjlluaUall Jljj dj-yl (^gJaul Jld dlj ("nl 5 °l Ladduuall dlulHI (Jld 
dljiai (jxs JudJI IguL fj (Sjukll (jjjL (je dl*ij glc. (Myclium) 
JIa 1 00 50 JJ.aVlll (jualj^l (jll (dlj ^JjLsIdaj . (j^aLlHuj V I 

•dLuJI Aj 11 * 3 j ((g 1 ^)j!llS (Jll ^ 1^)1 1 . 0 — 0.5 ^r'ldll juljJ ((lTl^) ( % 

.(kg 1 ) fljfc jLS JU iulj^ai I jVjJ 350-275 ^LuVI kilj t %80-70 
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.A_illxill AaIIc. CIiLAaC. A : ’n w\l .jjaViII CjULc. 3 ] 4cilli 3 ^ (jtiSar " ^ic-j 

cilij _j j^SjoJI j _j I jJ JiSI J A-ij^J^S 3 jL-ssa (JL^jj L^j 3 ^aJJ 

^Ic- s-ULV! (J^.1 (j -0 ^ ^Aill _j-).4akj l)^ (j- 14 V _$1 4 A.laj) u^ia AJL^laJj ^aJjaa i4)A'n 

AJjoi Lg_iS (J jar >\*iMI A_iauJa 3 Cjj ^ 3 ^j!^)-c!1ujIj 3a 41I JaLai 3I ^iatj ^ISjVI 3I 3^! 

LaS .(Jj-aljJ-<a ^Ic- ^33!! c33-° 3* £3^ *■ . ^ 

(Jjj^la ^jC. pH ^ \)> J3'\)£ " aS^IIS 3 JaAMI A jIaC. djI^iilLc Ja.ijJa 3 3a-} 

3 JaAMI AjUSII A_aJlaLAll AaIac. ^Juj j 4 (.** it, n i-s (JSja ^ic. 3a41I UJ^ ^ .l-JjjojL^JI 
CIiLiIac. ^Ic. j ^A-jjj^ll A I’lSll All J 3 1 .1 ^. jj V) 3a41I (JJ3 ' 0 ^L^3 JjujI ^Ic- 

A_i I aC- Jju AilLuill CjI^jaII j A”l k mV I JJLaA ^L^^JjjjI £a 4S3AJ-UIA ^a!)L^Jjail 

(j-o ((m 3 ) 4- te - ^ A JJ-0 200 — 100) 3^SI <^-£-3 JJaAMI ^jialj^l IaI .Aj^aoll 

(g jlil (JS3 LaI jc. 40 (3* 3^1 Jl yi^ cJ j - a - j iaII 3JSI3J j 41 ajjS ^Vu*ia \1 cillj 
AilS Ax-aa^-a (JaI ^ xll ai& 3 u^Vil jS j .%90 (jc- ^ISjVI A_i11jl9 JIjJjj LaS .1 ^) 
a^jLaa cijliiud^j cijiij .(kg ^) ^l^c- 31^ LiSj3-al 1 3V j*^ 20 — 1 5 J] ^lij^l 

^lijVI (_^jJjolA 3 ll n t » Vi £-A CllialjJ 433^.! Ajj^ dlljLjoA jjaV’i c" 1 j\aC- ^Ic. 

^Jl AilLuJI CjIjSjaII AilS3 Ajj)J*sll CliljLjaA 3 -0 Cl: iLiaS AilS ^pa.4ik j 

.Ajar ) n^Vi Ajjoi lIjI^Lola 

Growth medium jaH\ 1.5.18 

I^aj c“ AjjLkll aSjSII A ^^,\a!I < ^j 

^5_jll ^9 ^niill 3)-° (Jil ^a A x WiiAll ^IjjVI A_ixjJa j Iju^joi 

— 3 £ja _JJ^I S-ljilal! ^-^11 djli ^Sa (JSjujj 3^ c . V .pH ^ n.^k II 

4 JJjS.xjjll j (Jj-a ji jail A_1^_UJ CLjI^^jA a AJ\*\ 3)-° %5 

jl ^ J^SSI fi^ill L_j|^)jal (Jja (3^ l^lSjaj 3^ JJ LaS 

CljLa»j lij ^ajJjaillSlI C-jILuj j 3 jl Clilj^J^S AilaiaJ .S^)JaA 1I ^j-alSIljAA 

aIUJI ^ d!a jjSi Ia Ullc. j 4 (Buffering) ^ n> jj^^ll ^Sjll eiimll a^.UJI 

.CjLjLaII ^J^JjoiII ^jia jVI 30 ^Sjj 3^ Ajj^Jax II (J^La^-V! 1 UmJ ^U-ij 

.djj3^ cj* ^LaS 3^-°^ ^^jjjaVI cIjIjj^jS ^IaS3jujI 3 j£oj IaS 
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Production media 



£tawt iau-ji 2.5.18 



jjc. (JjjSJ J5 >‘>il ' g Ia jjjJoj ^aJj 4 _iSLLs (Jjjkaj oliaitji JaLu jVl oi& 

4-o?.!)La -laLuijYl (jj . j “^AifUl j)JJ 4jjd (JiLaj Lajlj . (jj'lmll 

^ ><-iM J jisj jjl jfLoJj dliil jj (j<u^> “Liijl j! j-a ^.W’nu’i ^j]l till) 

Lus tdlajLi (J£joi jjSfr ^IjjVI -daljLil ji^VlH dll ;l.aft jj£j 

Lj^UJI ja j jjj (jjAAil (jjl jill j>-cjj CA-iau jj^kAll aILqV <x-a^>A3l 
^ ^A^AjoujAjoj ^All 4-JjVI Alkali LaI . ^ j^rdl ^ytw'iMI j-a jAS ^iC'lj Jaj U^i*a\l 
^lill 4 _jIAa1I CAIjAxaII jA !>l£ jA jj jl L_i2kj3 ( J jVI) AjjIAjjVI 4-x9Ail a1^.^q 
jsl ^)Al a^a ^^Aj J 3^al © jSil ^gAll CALjAxaIIj (I Lg-al AaJjujI Lj^IALU j^AJ 

<lj)g xxi\ <A11 aj A )\a« \\ ^ 1-2^1 LojjlA (J^VI ^A AjjIaAjVI j^J^)£JI ^)A Lx-^aj .jljji 

> 

djjVl ^pL^aA ^ j\u/i j . ^)JaV'i'I 4j\aC. j^L^. A \-\\a 6jj->-a LgAsLjaj 
(jWn CjV jLajj <A11 a jc« I An jl j^Aj j^J j c4_ic.|^ j I jA AjjoiL1a]I 

^jAx-aA lAA (Jaaj <A11a] . ^)^.l J jJJj 4 AjoJI (j-<uJa I^AjIjjj ^)jL»-a-a]l gAA 

(Reproducible) 4.>1 .£a ja^l a caLIac. C 5 ic. a^I^aIL Jojjja jau^a (jla 

aJL^JI d AA jA L_flji^li]l J^.1 jA j J Ja jjjill (JaAL I jl^A Ia AifiA-i j^AJ^ 

.©^uS CAIjjIjj CAjAa. ^Aa] 4-iIjVI aI^aII j)A AjAxJI ^Ia^JjojI j^AJ 



jjj ^jJa| j Jj^aS AjjA^JI 4 j-sIViVI A-Jl C. jj^-sMI i" ilj\<ac. (jAasu A^. jj V 



ca^Uj) Ajjjlill tAllj j (Tropophasic) jl jiaVI ©aa*1o ca^Uj) L^VI cK'>dl 
caVa*^ C5 Jc. Jj-^a^JI (J^.1 (j^j c(Idiophasic) jj^l 

j-<A jI^j-oJjjjI ^-<a CAIa' fc^iW ^lAjJ (j-ojJ jl j^-^ ^j^l 

. CAl a! kst \\ ^lAjJ ^jl >/i^i AAja^dl Ic. jJjA jl^VI -2a j^)joJI ^A ©AAj tlj^Lkll 
Ajjojlj-dl CAI^jAjA _^j^)£il .A£.^)jaiJ ^AVnn‘ij (J^LaA^U aIjU Ail >^ix>\I A_i] _jVI aI^aII 
j^j^)£ ja! >/>xi ^1 aVumI j^j .LiAjjjl ^ja^aII SjaII jl jj£^l*JI j t jj^)S-uJI 



j-o Aj^.Lo J^Ua! 1! jjlS j^jjlnj I^SUSIjjI j^j S^j^-Aa iAIIaa jlS IaIj .^^kl 
b jAlaJI CAljAdA AjA*A]| Ajal j-dl jL*JJ j-o j .6^)All _jjaVi jA ^jUI jjLoJI 
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Foam control 



(jdj£ill dLLaC- £Jaj (jl ^aLVnu^U 

. ^ajL (J£jaJ \ ■ W Ijai^lA jSLudll 

(4JU511) S j£ J JL& Wa 3.5.18 



a.^» a\ 1 AJjVI ^IjaII ^3 a Jj^jaII 4djjj^)JI dLdAll l^UiLojI (jj 

^-Lujo a jC.^)3l (Jdd (_£j2joia (_£^)j^jJall (jA cillil t^daiA (JSLd a jO j 

^dll dlJ j 6 (J j^JaauIc. jJjjojI (_$ljj]l (JdA cdjJ^ll ^.lidjJjj . JJA Vlll ^JA 
(JSjaJ ^Adll dil djj jl i^jlj^uill (Jjill dj^} jl iL^-^ll dj^j jl ^jl j>j^k " 
1 g ‘ia LI ^)3jj jA ^1 ja]I a^A (jjj )\ \l Ia j ajLjaA jl ja£ £jLui 

(Jj^j jAx-^a jj.^j l^-cLiS ^^3 ^L‘n vl a^a IjjjL a3A c^BjaJj . LWa 
jl (jjfLJjjaJI I^jujLujI J<; k mJ ^lill dLk*l IaII Ldjl (JaxJjaJ .^ViaII (J£jd 
(jl Iajj . dj_jll 4 Jj»1j jl 4_1 a£a a jC*^)ll (J^dJ ajL J oa (JaIjx^ (jJjjj^)j 

^)3 jj (jl^AJ 4 _iaAVI (Ja3 ^4jl3 jJa ^)JC. dlS jl ^ Ia LJlc. ajO^)ll JdaiJ 

^LjV Lsl^ VJrajxJra ^jJ ta jC.^)U a jIjJ^aII ^IjaII 4.11x 3 43LjaV 4 jl^I^j 4j3xj 
dc- ajC.^)ll dLLiaA j$ Jju (jl c > .jl ja!I a3g-J Ja^iAll al 3ikJjaaV I <jj3j a j£.^)ll 
^ in mi cilii j ^jjAidlt 4 jIaC. iajaij £a 4jI«1i1I <ja IgdLja] l_i^j Vj 6-Ia33 4^Ltl) 
S-lj^JI 4 _ia£ ^3 (j^Vill ^Jj 43LjaVL tajC.^)ll dLLiJaA (jdxJ 4 aLa1I 4xj iJ-ill 
(Jj^aall ^jldl^ a jC.^)ll dLLjaA (jA adl j dLjdiA ^jC- ^a^LlI a^)3jOAll 

dLjx j>^a ^3 a ^c.^)]l dl jLJoa] dl^JI ^1 ..Y'iL’L^V I c > i n*m ^jl (J^aj cill^ . (t>^' 

. ^jaViII 4 jUc- ^*1^11 ^L^jdl 4 -^JIxa 

Fed-batch feeding dl*ij J& Ajiiill 4.5.18 

(j;$j a^lc- jA I a Ixjj (J^dj^U 4LU1I dL^xAll ^ ^d ^j! ^j£a j 

jj£jj (jjd Lojjc. jrLj^U ^ja jI ^LSII ^jjjjJall ^ja (jjd jSj .(%65-30 
(jC. ^.LIL (JjaII ^3 Jj^aLdl jLj^VI (J^l (JA (jJraa^l J^**ill 

^Aj 4_i3LkJa| a jjA 4_1 SAaaII (JJL^aII 4iljJaj (jj . 4 jJ1xa]I jIjaII (Ja 43daj 

^dj .4-iiadJI ^jl ja 3I 4Jd ^3 4 K ^ia (Jdd Ia ajlc- ^A j ^(Jja]I 4 (jdiid 
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Lgj3 SAaaII dj|jL-^a3l qa b^}±& LcL^aJ AL-saaJ! 

aJIc. Cjj^ l) ( l *— J^>^) oA^J (j£-aJ A •sj's >.«o\l 4_aJlx_A]lj . ^rVi>o\l 

Clil^jil A_iLojJ ^alac-Vl (jAx-<a ^Ac- 4-la3' a\\ <•“ n*s 4_ia.tijVI 

^j^la (jC- aAaj 0.1 AjAa. q xuJa ^ \)> J ^3^11 Ja-uJa (j£-aJ .Ajj^la 



^jC- Lijj-aVi _j\ I A j)x^li ^}lc. <• flL-ajj <_£ jl AiljJaj 

Ac^^-oll ^jjaJ , WuhIj 1 x >i j i ^ n-^ j^Aj^JI ^3^)31 ia.i.kJa (j£-aJ .(pi (_)a.A<a Jjj^)Aa 

Jaj^jjoA! ^j^i* 1 (j^ajJa ^)£judi] aAjl^ll AAlxiaVI (jl . Lg_i3 6 ^a 3! dAj^^mU Lg.juA'i 
(j£-aj (JjjSxII ^^Sc- . ^,11\ J^)'\jg " ^3^)11 (jJaia. lui Ia&j i(JaJI gr**nnn 

. ^ n-N J^)'\)$ " ^3^)31 £3^) J] AiljJaj dl^Aa-a (_pajiaA £_£AjJ (jl 



Dissolved oxygen (DO) lj \ 1 a 1 \ wftfl 6.5.18 

Aa. ^ic< pliLiU lAAa-o lAa^jjai DO C_jIAa3I ^j\ m yxtSi)l\ ClAjjpjuui (JiSaIu .1 

<jl LaJj .Ac^^aJI Aj^ia. ^ic- AJaSla-aUj Ajj>j^..1I CjI ALk^all ^ aA-icA 

^ic. Jjl 3 jAa^a (J^ >Vij Ajj£ ^Jj AsLjaVh t A^Kll ^JIj ^)a! (jja-uaSI ^lArLiuil 



jjljj (J^Ij 



• U .'^ ‘ ^ Vl '' ' J ‘ '~' ^ J-» 1— . x>\) _jiJI e-I^A Vi ml t 4 _iLa*JI (jLal 



. JjLoJI jjkl y (Jj-n I 3 jj^dJI lilijVlSIj 4 _lj£j]l (jjj (jjjSJ 

tjOAialt 33a t^?* "> ^dli ‘UiT* >‘' 5*^1 (jLji SJL13] (_paj^JI (Jilj £^3]! }->» >>i\l 

L_ildll 3313^]! *1 1 m^l ^gjl!i c!llljj!i»ji<a dll jiiljll o^lA (_j>s -lidJI ^jldaj j jjjIjj 

(^j^a (j-lc-l i_jld]l (ji'S m^VI ClLljJuio (_ 5 -l c - 5 -IsjVI tj^il .^(j^Uill J>r-i^ll ^>lajlj 

h * >^-ill f-liuVI i _ i~s j b * d 2 1.5 ■iiC' Cy* %20 

^gi^j Laj AjIIc. dc- (3^-^ u^iu ^gic. f.laj'yij jj^-s'ill 4 ;Uc. 3d ^gic. 

Ii2l |»£l jj 3I 31 . 3 _jJ 3^1I 'lU.i^l ^g_j'o 3° (j^-a^a ^iSI <11 jV 

dlijl£JI ^gi jjjIj aJ (jj^j ja 



J^ka 3a, UjliiSlj kia 7 . 5.18 

Culture preservation and aseptic propogation 

^IdVI , ^a jJ^aJil ^ jl^all ^j*s >^>ll i_j_jLjiVI ,^1 oliliVI a—liJ 

d j 2 l dl j 4 : 'n,wll *da j\ j 2 l dLii (jl . Ia j 12 V ^ ■ ^>'1 i_i_jluiV I j 
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diLliaJI (jsvi ) ^c-uiJ ^ja ^Sljll j idll jOnll £ja 

_Lxuj j ^Jl Ja-uj j ^ja I ^clilJ «lS . j-gjJsug JJC« j-gI Aj^-^Lg CllLli^. ^Ic. 

c> ^tityl (Sub-population) cjU^q 1>* ^XaAI 

jj£!j . Jta.il ^Jj c_Jj9l dlli &^A 

. JjLuiS! J^jJlnil ^al-l^J-uilj 4-L^la dlljdil 4 _LgjJj^J! jlj-all ^Lgc-^Lg 

tiljj (A-lg^a) ^UjjIjj JiLk <j-G AjjoiLojVI £- jl J-all ^aJJ La a-ilc. j 

-la-lxll JtaJt Jx-aVI (j-o Ajjuojjj <C«jj-G J£ ^Vucn (.** n*s 4 ^juUJ^ 



w“w .n k .- ^i]| ajL-^VI CjIc^jJ]! (j-G q^ J^l (j-° Cy 

1 g \a (j^Gj 4^ JIuLg (4DLuj) LgjIj cillLiA ^jj^iiji 4 4iLjjja]l aAg_J 

jl "o^^La 4jlk J jc. £«^-C'] <j-g C 3 1 ^JU iS ^aJJ 

®jljA (j jl ^^9 j-LgVj. 11 VlajujljJ Ajl 9J j£] jjjIS ^aJjaj (Jj^Jj c4c«jj 

<C. j j-a]| ^1-lVLuJ Jj 9 Ig-ujljjj -£till 4 jjjjVj dll-1^. J 

^iiLlII Jaj^)jai ^^ic. j-aj^. £JJJj .£juj!j jUaj lIjLiLgC' 

J^ll! 41 ^.j-g j-alV J^jolI (JjAj^. I^A J .4C-jj-<JI ^a J>^ S jljj 4 jLgC« £.Uj! 
JJ SjjLgII Jiill CjLiLac. ^jj j i^jjjai jai a1\j^. ^k ^ jl J j-gII jj£j cLn^. 

U. 111 ! yui tillji Ji 4 ! jaJI 

Scaling-up Ao^ULaJI SjLjil 8.5.18 

^_jjll JaLoljl jl 1~Wt ^aJJ “U!)ljal frljl 

tllLil jia. ^aJJ jjA-s'ill dll ;1 a& Jl (j Jj La L_1 Jl dlllu 

jj!i£L ^Liall t_liaJj Lajb Juui JJC. ILAj .dUaLLij ^-n~\II ojd£ jjx'-s"' 

dl ^Sk j]lj t^jjll sbl (jJJ “^LLc- (JmJ»uJ (j^-aJ L/j . dLjj.».>il^l ^ys 

AjjlLaJI dl jd Jbu V] (j ^ 3 - 1 J 1 - jiaV'II j 'Lujj^jII <jc-l n^ill 

(Jsl jl %5 I g "1 ■aj^ *ll«L -a o^Lj “LljlSuol JJ-iSJ JaS3 c _ 1» >^ill (j^s (_>J .“daJ^aJI 
(jjUaj Jfr Idajl t Hi^il lillj (j^J cij Ci^-^ CS^" 1 ~r J J^^ (J 

db ajjSjll dbloc-j aJj^a-o jjL-=uLI (jjSj dua. ‘djjdlll <jc.ldall dl^.jll 
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4 .al-Vil £a 4-1 Ldlj L_J^C«^a1I ^ja .4_illc« 4_al£ 

O U ^ £-a .^iljJaj £_£jJ^Jali (J-oC. ^1 4_^.l^JI jj^J a J ja. jaII ^)J-adlill 

^jC- jix’ll jJ^Jallll (j a -Ij^jqII ^Jj 4 -^.L^j dAia-al ja i-*\\‘*lxn La Lille- jl^joll 

4^1ida> dlLiaal wii^l (j-<» djljlg-al! ^IdaLil tL iA . (J-al^l! (J£joJIj l^jUlfLal 

4jjJ jJj-g dull (jl » l baft II j c^aJjl^)^JI c-Lolc-j Qbaa.Vig a\\ ^ja 

4_ij^ll 4jjaLiJ^)ll 4x. j^jall 4 jjJ ^ 4 nul ua\\ a jljJ^ll ^gAxslI j^jq Vill <J^.I ^ja j 

4_ii^dl! <C.jjaa £Jjo i jj dlUl^ft ^1] V_^aj j-dll JjjljJ L>° 1**^ 

4_1j£ 4_x_ajjaa ajjljjl ^ja a ) lilA _9 t ^JLj^aVl ^jl^VI (j-o 4_LaiLaa ^jiC. 

4JjS ^1c< J Jj^a^-ll ^aJJ I jJ^VllI 4 j\ aC- £ja ftJ 3 — 1 (_£Ad fijlc- i4£.jj-oll 

. jad^ll ^■s's (j-c %10 — 5 (J^Ixj Laj ^>a^-a 1I (ftdi 4-J_^ld 

^Ujlu.Vl axj Laj £Ujiu,Vt cjUJbu 6.18 
Recovery and post-recovery processing 

Lgj ^'L^.jdaaVI dll £ I 4-LcLuj 4* ~0 j-q £juillill (Jj-^all 
66^lc«l l^J (_pajjd]! ^aJ ^lill Ajjjisvll dbL^Jlj JjLdj L<u3j • 4 L^JJjoiVI 

L_bajljj c")^! ^^lill ^L^jliolV! CjllLftC. (JjJxJ ^Jj 4-^.L^. <iltiA 

CjLAaC- j 4_i±Lai3l a-lpd djlftj-o ^A dal J jjuj j^jlc. jIlqVI 

d^^U-all ^.Wutn j tdilli^ftJ! 6-^-1 LiujLLq Ijhd dbaa.il dilii-lalti ^a^liduaV 1 

JjJa&-oll jbaJl ^A JjIU-J 4_lajail^J ^L^jdaiVI (_ftlj .tiili (jC- Jj«lft 4_aJ^)LulII 

jL^II ^j<nl'\‘nn;j J-al^ (jJ-ijoV' (j! Lai V J G (jlljwij^ll (JLa djL£^>-al 

_jl ^jjj_p>^ill ^La i_J£joi (_ 5 ^C’ 1 . '..' ‘ ''S' J ^ ]Li'i <jLaC. AjL t“Ll_jj^aC. JJLa-aJ ^ jj%ll 

<aj 3 Jlic. L1 jI^}]I 4aLu1j 3I (j-a Ojjoilxa V (jjljmjn.'ll UJJjujjJ (j^-aJ jl i jiuiL jjll 

i"iljl.a»ll L_ftIajJ Jl AiLiaVL ‘J- aC - JG ‘2 JjaajjiJI j^JI 

iLiuHjxi; nill (J> ia% — 6 <ila. ol_jj ■Lc-Lu-aa J (jj\)“ij\'ll ^iVna'i jll AiljAaJI 
JJa_a j-a Ua.1 j L-aLUi^l -Aminopenicillanic acid (6-APA) 6 J^>VI 

A ;la» II ^\ ^)H^i»ll sjIjjc.Ij j>,W’'iuii ILAj iJaLa]! jja]l jJI ^j^aaLI L'naVI 

. 6-APA Jl a)b“0U.^ J^' 
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-APA 6 A “• sl_j j di jj tji.! /j-o ^^11 (jl 

t (jAjjujdlull dbL-a (j-o j^s 1. qjLi dl j Jlja.1 ^tiij (jJI -LalaLil jA 

dljldJI d.1 jA Jjjljll <jjJI (j-a jjaiAall l. lUajlII (jli tdllll^^JI ajlA 

4_aJLtASI j 4j_jaJI dll jl > ^-»\l ^ djdJ (jl tiJIjjl i. . i~s j .‘ba.Wuii.all A J m. Vlg II A jl-a» 11 
iilli :4lalj* <*i!ij^s ^llil <■ ajlK'i LS Jc. ^jlali La LJlc. <sjjla ^ <il]j Jj ^^jll 

A 4_nn i SjllSd j^gJJ AjldaVL i^jiJ^ll -I ><-ill l^jJjoiLl o^)dAa A Li I’l^all 

<al£ jjlSi^lIj (j>»i~^-all ^La.jduVI i_)si A A] tLLLa .‘ba.W'ha.all A JlVllb 

dldjljll jJj-ii 'die- 1 LijiVn (jjaii. Ld tdliij_jfjoi jllgimllj (jiljmjn.ill ^tiij 
dLAdiSI (^ji.1 dbLaa £-U.jlJ dliLaC. ^gi ba,lVn.i.a\l (Resins) 

.dldjdl oLa ^LLj 

^ A -doiLA/ 1 o _jJaaJI . (jiljmjn.ill A iVnj d. jdil 3.18 (J^dll jg L> i 

^gJlc. (Jllj“p\n (_ 5 lc- (J Jt.-l^>ll t_ia.l Cy* . (_£_^daC. (JjA a A Ll ml S' . A I 

j jUL *jIULa (^a^\ ViajjV I 4jLaC» fJ^kloU 4 6jUli3l 

n)'\ JJs <^*-1^*1 £-<* VuJ 

4 Ujb wi J U.^ jjJaxJI (Jjk^all 

Vjl <*— flLjaJ CjI ^axJlxaia 

t (Jslj (J jkx^ ^ 

(Jjk^o J] 4 _^Luij]I (ja ^jj\jwnni\l (JjSjujj 

JjkJl ^j-a (J , Hi «1*J ^jjiijaulJt (JSjj ClAjJjul! J)aJ^C» 

<1q J! (jjktij n)\l Cljljixkll 6^A ^ \.)-> jjJu^-11 (JjlxlLo 

y I 5JajadA5l A.Wnnj 4C_Jjl JJaJl Ajlj)j (J^l 

JLS C_ 11 juj^)j 1 I ^Jj ^jjknj lull I^A 4 j\>aC. 

tilli ^JJJ jj jJJojjV I L-lLbU^Jj]! AjUc- 3^^ •( a _9^ JUJ ^ ^ 

^ 3N*i i ill /j^cuJ^JJ A jb»ll (jVj .<jadall I_uljjai]l Al^y ((Jj^^ll) 

.l^JjjLdial JdvJ (JJLa-all oLa ^la.jaujl (jli t(Jjlla^a 
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(jg LullaJl lj 1 j AjjjaJl ilitjluxa Jjjjluta 7.18 

Future prospects for fermentation - based antibiotics 

3 ' fljJall Ct_^l j djCL^a JJ Q^yLLuus CkLa. L 11 

i. ' \\ y*\ * (j&J A. «.u.a A i*'l j ^ X ClAj£^o aLjC. (j C. . i liiall AiijJa 

^ jUj J^U. <>i lilL j SAiia. Ljjj£Li J (Combinatorial) 

aL^jc. JbLi. <j-a SAjA^. <J-d jC. Adld-ol t<j£lj . AjAiISj <L^)c. 

CA VVmII aAA (J-aju j . ^AjAa^ ^^iil ^)Al 4_i*_ula dll Vnx> 

AjAjVqMl ^jxaVill ^dil <jl ^1^ ^Jj JJjlII <jl Ld aS\ 4_^.^)A l.V<i» >0 

fil ji ^aAadaiJ <jl (2) jl 6 jA Ld ^aAVuujl dlUl£ill 

La ^^ic> L^>^- (_£j^ ^ ' $ IjAaM ^^ill J Adi jAII <a-aldll 

• dil Ajjuj t dildjj ^ jjjj i^lLajjoill j 1 1 " il nlj wn n dl AjjuuIL ^aJ 
dll AL-*a CllaJl <jC< l** 4 Vi *1 jAII did jd ^la»x> <jl ^j-a ^aC-^jlLlJ 

&AjA^ dlll^-^- jjj L>b *r\\ Lddll A.,.)3t.j..lJra AjjAI <dl xjTdV 1 * -v A \ dliaLujIj 

A_L^)C. jL j>^aV 1 A-jjij^kll AjLiill dld^)d i“ i^wi'dl Aa3 6<J-ald (jdd A\x u^a 

^aJAd ^j-a <jd<aJj A '\Akj~i VuiSLiAll <jdxaj (j' Vj*.iilall dLVlndl 

.Ailda-a A -a j3 

• (jdg » ^5-ic* CjL^IILq dal a\ x>a^ ^jc. CllaJI ^aSjj 

^jJaj (Jild. ^1^ l^Jaliujj ^aJ A3 dilAU-a aJjLuiISI SaIc-J ^3 

<51*13 LjjUjojV (2) jl c^adjJaVI 5 -JjAVI dal^jjuj (Jj5 <j-a Cl\aJill diljjljl 

^<ujjj V 4_^.ja1 !a^ <jJaidlc ClulS 5jaJ! ClaljjAaj <jj JLac-VLj 

<jl . ^LoiiLal V I Ia^J L-LjjLIq A^)A^)-0 ^^Ac. ^)Jj|J^iall ^^3 ^)l^)dLa)Vlj 

AdlAll A$ . jit X^al CjIa Cljl£jjail UjujLLq AjUIj UJ^ 

jl cSAjA^. ^-jIaj <j-a ls!>UajJ Ld c 5.. u ^° ^ \)Aa dll A Ajijjl^. dllALusa <jc. diaall ^ 
^A oAA j .l^Jaliojj ^■jl'Sk-ill 0-d_jJI 4_idj^)lj dlLilax-a (J^ld 

6 Alda-all AJUill <j-o 1 ft 1 jJ*» 6 djlj^l^Ajd^^ll AJjouIIj AJL^JI 

<jj£j A3 t<j£lj •5j jal ll LS^ <o <j^3 j 4 6^)j* x^a S^)A3 L^jaIj 6^aJjl^)^A3 

Ada dllAU-a <jc. dlaJI A\\aC* ^ 1^1-N.ll*^ L-lakJ bj^\\A ^idal cilliA 
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. < SdUl 4 qj t >) j| CjljU-all o2& (j_j£ } ^W'n tkajlall 

-12 i 411*3 Aii^jlaJ ‘Lajliall c“l 2jJa i-Xi-isJI 4_iil*3 -Lj 1 Vi 4_liuj 



-3,*^ 5 _JxAjm (JSi-uU ‘LajULoll killc. Cjljj»i»*Lall o2& . .1 (_£^j^Jal! ^y> ^ 1 > .n; 



i LlfajJ (_£jjjj^all (j-a (jjfLlioi _-iA ^Liiill (_)^.l LJ^J .Alj^)iJS! A j\-aC ^^joiLoil 

:(P4 J P3 i _$ (jLal (_£ dlli ^>jLi-a (J idj o.liui]l 4jdlj (j-a^J (jLol Cj ihlj^d 



0 ^ 3 jjuall ka.jjLall kjAIaill ~s <41 All) ^ t41ij ^lAll (jl^-aVLf (jj^J (jl J 

^j-a JJa JJc. cdLi& 4ji La£j .lilU. oJ_j^_^all AiajIHI 1 j 4-jC.l n«-ill 4L^)iJSI ^)jii-a 



4c.lia]l ^jinVll ^ lUiuill -Ua AjjLiajS (J-al_jC- Aij^jC. (Jjsl^all 

iSARS e-ll-lill oAsJI (4jjjj]p 4_UuiIill 4_aj!)tlall ,1>_<3 jl HIV A u>nS<4l 

Cll^jlt Ig-AWnul (j^-aJ (jjll (jal^aJI (j-a Jjls JJc. L-ll&VI ^fc. (illjA (j j V > >i 

. lg"ihjC.j tig 1J» 1 VsjULal! CllV^-aull o2& -Ua 411*3 (J^aljC. ^JC. 
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Nomenclature NjauuII 

(mol C g" 1 ) aJ jSn sjUII ■_> =Cs 

(carbon concentration in the substrate) 

(mol C g 1 ) 1^11 ^ u^j^' :C X 

(carbon concentrations in the cells) 

(kg m ^) J vul l I jj : C 

(dissolved oxygen concentration) 

3 f 

(kg m ) < — tiiaCill (jjl jiLall J%ull (jj-N »»5VI : *C 

(dissolved oxygen concentration in equilibrium with the gas 
phase) 

(dilution rate) (h 1 ) Uua^l J^*-a :D 

(critical dilution rate) (h 1 ) ^ jaJI i 'qyv4l J-i*^ :D crit 

(f.l_j^JI (j-o %) (J -s ul l (j j-s jjjj :DOT 
(dissolved oxygen tension) 
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O'® %) ^ (jj~s m^VI jjjj :DOT* 

(dissolved oxygen tension in equilibrium with the (<d 

gas phase) 
fi i u^ll (jljja. (J^aua '.F 



3 1 

(medium flow rate) (m h" ) 

(gas transfer rate) (kg in" 1 h" 1 ) 

(conversion constant) (% 1 g" 1 ) 
(specific death rate constant) (If 1 ) 
(oxygen transfer coefficient) (h 1 ) 
(saturation constant) (kg nf ) 

(cell number) 

(oxygen transfer rate) (kg m" h" ) 
(product concentration) 

(air flow rate) (m’lf 1 ) 



jlill JUi:! :GTR 
ciuUj :H 

(J-la-a CluUj :k(J 

Jlaljt (J-alxlo -K L a 

dulij :Ks 

l£UJ! jjt :N 

tj j'N xuS VI (Jlalil :OTR 

'-P 

(jLija. J- 1 *-® 



■■Q 

:q 

qo 



(specific reaction rate) (kg kg'V 1 ) 

(specific oxygen consumption rate) (kg kg 1 h 1 ) 

(JS-ujJ •q? 

(specific product formation rate) (kg kg 'h' 1 ) 

4_Jjl I 9 (Js 

(kg kg'V ’) (specific consumption rate of limiting substrate) 

dJjLq ^ic. 4-Jjl 1 '•q S2 

(kg kg" 1 h" ' ) (specific consumption rate of non-limiting substrate) 
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4-19 jJajl tftlSJI (Ja.1 (j-a 4_djVI ojLdl td^L^Jboil *^/m 
(specific substrate consumption for maintenance) (kg kg 1 h 1 ) 

4.19 CjUI^c. cJ^.1 (j-a 4-JjVI * ant ^s 

(k g kg'h 1 ) 

(specific substrate consumption for anabolism) 

4*19 t AiLUl aJjVI ‘elites 

(k g kg-'h- 1 ) 

(specific substrate consumption for energy metabolism) 

^ 4 ^ w<.„ Ji 4aiyi (_gajl ^ ^ jill aA jVI si-dl igrowtlyen^s 

4.19 Jlill jkil 

(kg kg^h'^specific S-consumption in energy metabolism used for 
growth) 

3 1 

(volumetric reaction rate) (kg nf h' ) J&Uill J^-a :r 

(kg m ) oiiLdl “CiSjVl ojLdl '.S 

(limiting substrate concentration) 

(kg m ) oJjLall aAj^\ O^Lall • S 2 

(non-limiting substrate concentration) 

(kg m ^) Jajjjlt iJikJLa 3-JjVI ojLa]l ‘S[ 

(substrate concentration in inlet medium (limiting substrate)) 

(kg m ) J'v'U ^3 a.’lj’ull C- 4_ii j V i I ojLdl : S2 j 

(non-limiting substrate concentration in inlet medium) 

(process time) (h) aA*A) <>j :t 



(medium volume) (m ) 

3 

(biomass concentration) (kg m' ) 
(concentration of dead cells) (kg m" ) 



4 i-n. \ 1 4 V;< \ 1 



:V 

:X 



4"n<iH LiLiJI : ^d 
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(concentration of viable cells) (kg m" ) 




:X V 


3 * 

(kg m ) (Jc-lLall ^ ^fi' nc-Vl (jjSuJI ji£jj 


; y 


(concentration of arbitrary component in 


the bioreactor) 




(yield coefficient) (kg kg 1 ) 


f.LLudl (J-olx-a 


:Y 



e-ULl! g.l 3 ^c. g. lVn.uilj 4 AjJjI SjLq JSJ Aj^..)2^]1 A.Vi^II J-oLt-c * Fem 



(yield coefficient of biomass per substrate, exclusive 
maintenance) (kg kg' 1 ) 

(kg kg ) ji ojLo y i k() ^ 

(coefficient of oxygen consumed per substrate consumed) 

(kg kg A_J jl SjLa ^clixdl g.1 J^aC. (J-abt-c * fp/S 

(yield coefficient of product per substrate) 

S-liLlJI g-l-^aC- 1 Uu-o Lq 4 A_Jjl &«}Lq A Vifv'l g-l J^aC- (J-oUt-c : fx/s 

(kg kg' 1 ) (yield coefficient of biomass per substrate, incl. 
maintenance) 

(kg kg ) o-liiLo jjc. aJj! S-lLd s-LLudl (d-aljt-o • fx S2 
(yield coefficient for a non-limiting substrate) 

(separation factor) 1.19 ^ :S 

(specific growth rate) (If 1 ) ^jfil :// 



4-JiuJI j I! 



(in gas phase) 
(inlet) 
(maximum) 
(outlet) 



^ jlill ^ : g 



Ja-Oall ^3 U^J^' d 
l $ :max 



£ yljjaJl :o 



748 



ddLa LJjl ajLa jj£. Jl jjdj LiAj (Jl JC. : y i Si Xi 0‘P 

. Jdaj (jj-s m^l tLjjJ^. A. lj£ 



Introduction 



4-a.iLdl 1.19 



AjlBjJ! j/ j-*a I Jllo lLaAj A ql* a\\ LjldJI jj 4_iLa*J jLlujL-i jl.ljjs lilljft 

aiA .( Continuous cultures) s j^J I £ J jJI i da j (Batch cultures) 

jl ^Jaj 'U s-ia jj£L Lade. d g WnuLj (ejdLujdl J) ^jl j^ll 

itiilijj • (jj> jll £-° LjjLj l^-lS d ll jj£jj]l ^J^-S jl La t jljiLaL/1 Lila. (jid 

LLliJI (jjSL (jl Jjlall (j^a t (Mutation) jALuil Ji J JLald £-a 

1^_j3 CIiLiIaxJI Ajl9.a 3I £^jl j-o ^1 . A 4 J Ajj^jjJI l** n*\ (j-o o^jiixju* 

jjjixj d_i£^)-Q j $.1 VI IgX^Lk l a\ x>ij L>° (J^ c Ajt5J CjLiI^C- 

olLilll L*iLl dliLac Jl j t(pH titrating compound) Jji.jj.ijl J JI 
JjL»-a JLli. Idajl <■ 'll .j j]l t(cjl*ia Jc. JbCill diLiLac) (Fed-batch) 

^aji) I Sjjo: (_Jaa]l ILa . JJI j& jj£j La ejlc.j tdalj Li>>ij jjfL&J jfsjas 

.^jj]l dLlL&C. j^ £-ljj^/l a.lgj AjjjiLjiL/I (jdiL-aJaJI I dajj 



J&ILJ *lUI jjljj 2.19 

Mass balance equations of the bioreactor 

^Jl Ljalij jp_j t (_).)». »’>i.JI L ,-. '• jt£ I a £ a t(_g jj^ll (Jc-lLoll c-lj allll ~s ,a\ 

<JLsJI lIi! jj*di) A jig <ill -LlujII dljjiLa jjfajj JjL 4j J jg laj] Ljjja. dljljc. 

j*-a Lildl dl jjida JLjjj LL J. LjLj tLLLudl aj jJaj ((State variables) 

J (Resident time) LijLdl j*j ^ J tLAill dLJc. J (t) j*j]l 

# > 

j )rd j/ j/jl jj» ll ijjLjjVI li& Jlc.j .((jjjUl (_J»all Jajl) 'Ji.n.u^SI djl_lLa*JI 
Lj] jL/I O^Lall djlj_Jaj ‘(J) <Jj;JI <3jSil (J^y (j^ (J . I ;Lil n&l LIL^ 

(jxj^-all Lil^JI dil^iida (DOT) (J% dll (jj-s m^L/l JJ JJJ t (R) d ll Jdll j a (‘S') 
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1 Vi 5 .nl t((jj|j%\l (Jc-lLall olS>l^o) i ^^Jl (Jjj^ 3 _jU . Ayjj*dl AjsJbual! ^3 

jaiialt jjij 1 a > .n' ^i]l t... = dy/d/ (j^ Ajli^alij ClN.}l*-a (Jjlaiiail 

<^ 1 ^J u' (j^y ay(t) ij-ajllj JJxlalt lift (jjlaJ j) .(j-oj]l £-*y 

(Initial a-J ji\ i_sjjMj U aj t 4jLy.lii3! kbLuJ] (Numerical solution) 
(jl (jfLaj tAj(iK~' J jK tdUA sLja iuuJl CjULaadl ^ .oUa*-ail conditions) 

j \*aa ^3 (D (l ajqV'll (J-la-a jl) Cilj 5 .all (j^j jjijlj A j 3 iS i L^a_j] Aqu»<a jj£j 

(j j^a jUaJI .(Steady- state conditions) JjSi^yi aJSU. cjjjii Ca^j aJUJI 

. 1.19 Jilll ^ 



£o Jg,o 






Jjjm . Jfr liall (jjLaii y j jSjj j 1/ ~ ^ •- jj^sj kHa. a JfrLLa : 1 . 1 9 

jUdl jjia ^3 JjSI jjJI . £7 j Jlxll jljja. F j AjJI jULa Ia— . jJI jljja, 

(inlet) <^3 Ajjliiil jjJw o j i a jlimtt jl\ .g y» jJL 

y JjSjj jasj 4(1>«J>0) S ‘ (outlet) ^ja^l 

•laujtl 



(Jc-lLall y ^ li' n&t (jjfLal aJjSJI jjljj i . nS ; (jl (j£woj 






(kg h ^) (Jc-liall + ^ jl S II — (JiJ.ljl — jj*j]I 
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^ = F iyi + Q-,y gi - F 0 8 y - Q o y e0 + V r (1.19) 

L .ttjufaij flx-lt 4 ti<ll HjLxa \ \ \\x \ aJ^I»x_a]I a JA 

: t>j^' 



|= 7U- y)+ y(y- 8 j+ r + GTR ( 2 . 19 ) 

l J J 



Qi 



GTR = V y Si 



Qo_y 
V SO 



( 3 . 19 ) 



j\ lal^aLoU Ajt3,l]| AjI aC> jl 4 \\aC* (.4 \ \ ax \\ (JjjuaU 

•F 0 j F[ ^}3 A j\*a» II Ji-iaLA (Jj 3 4 6^-o!luuill A_iLa*J! 

F i = F o gr* -^jll £ tffi j4j*JI ^xa (. S^jaMmaJI ic> ^yJI ^3 

(2.19) Aj-iljt-<Jlj = 7^ 



£ = ^CVI - «y)+ r + GTR 



dt V 



( 4 . 19 ) 



F ~ F j ^A (JV^B ^^3 Aj.Ix’iB tO — jp 7 o SIJxaJI 4jl 3jJI 4 j \aO ^^3 

r^u^ij (2.19) aJ^Lx-<JIj 

f = ^(yi- y)+ r- + GTR (5.19) 

JtSjjl V (_5 jAiJI (Jc-lLall Cjlj jSLall Ajulc-V 4liSJI CiU jl JJ jl 

4 Jm.V .(5.19)j (4.19) cjVjUJI j^Vl 

(5 jj£j La.lic. (_^l ta^)<Uui<ill 4c. j jAil uS alllj j£i-a]l jl ajlcl jjfiaJ V La-lic. 

4jt3-lll 4c. j j^ jjjsJJaLa l‘i , s n^il j A li£A] ^alaJSI jjl jill ^jil-Aa-a jl * SjS> 1 1 = 

^gja-41 jl V] .(4.19) 41 jI*-o 4o^>a1j-4a]I 4cjjxJI j a (5 .19) 41jL*-a tal-ii^al! 

jjAj) a j,A,i... j' A il<i» I' ^jl3 . jjjlLaJI ^3 . — F(y/V) ^HajL^uslI ^jljjjall 

Lajjj (Jc-ULall j-a dlAjjSLal] ^jliJI jjj^JI (J^3t-a jjaJ — F(y!V) i( jljJ-J eAc-j 

jljjaJI A i u>ij (_^ill j_j£ua]l i Jjlat^a Ji-aJ tal^itAll 4jt24l A jl-aC- ^3 
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DOT j P ti S lX J J.'ll'nnl (jl y <j£aJ t(jVI .JauujB 

Jc. t(J*\ ult jjl-s m^yi j 4 <jJjVI SjLaJI <li£21 jj£ljj yjE- JjILojI] 

ol-i*-a]l 4 jl 3-2I d '1 ll^C- 4 uJjJ djV jl*-o (jnln'i (Jj 3 j . 

(Jftliiill CllV^*-al dlljlac. (JLijj L_La_J 4jli io^olui-all j 

.ALliuJI Wi oJ jS (GTR) jlilt J>: (r) 

Volumetric and specific rates 4 jc.>Sj 4,j<a>^ 3.19 



:,J£jui}Lj tv ‘ ~~ H i_jc-Ull/ iJjx^a i. ll£j 

r = qX ( 6 - 19 ) 

ojlc Wnujj . ■‘Lila. 0.I2.J (j £2 (Jjbt-all > ^_c ^lll L Jc-UlII ^Jx^o q 

jail! tjc-laill (J.A*-o J Lafi .q (Jc-lij Jl jJjoiJ 

l_s'^ yt/ J (J£dj Ajc. ^}i*J 

Monod Model Jji>a jr j>u 1.3.19 

^a5i^)J j^lc. _ja 13I (Jiist-a -lLoJC.1 4_lil£ i Sj-t3_j] ^Li ^ j_^oj J 

•S 4 j,j*x 4_ll jl o-Lq 
s 



P /^max 



S+^5 



( 7 . 19 ) 



// (h ‘) <J S (88 'h* 1 ) 
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JjjuJj ( Ja>l£ iai. ,//~l JjjuJ (^JUj ^uij . ^ jjAil ^ <‘ ^ jj kka . : 2 - 1 9 JSdJI 

JjUj ji <jil jail t(5) <UijVI s-lLail J4 jj Jda (Jaila iai. ‘■qs) jiVl 

.0.5 =Yx/s a -9'-‘ Aliii! ^Uafr 
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^aIII J.a*a aJjVI SjLaII ^jlS LaIS ajLj aJjI*a3I 6 1a -iiaj 

L^j LT^ ‘cs^ 1 

SjIaJI) S ^A C^ljJOlVI dljljj . (J, max C 1 JAill (J.lXA 

<2.19 (JSjoJI 1,1a j . ^ I ^J! l tt/i'i ^a13! (J^*a Ia^c- (aJjVI 

^)\jJC«lj ; ^j, AJtlu (c[$j AJjVl ^jIaII -l^V (J«1 xaSI (jl V fij£ \ ^JaJ 

.aJjVI ojIaII ^jc- JfliLoA IajIj ^a aJj! SjIa ajjj^J! aJj£B g.1 J^c. (j! 

lillc. a_j]jI 6-^Ia a vVaII Ajj)A^.il aJj^JI j . ^a 11a (j^fLj 1 a l^plj <jl V] 

(j^fLa tillljj (aJjVI o^Ia]! ^j£I^)j) 1^. Aj .^^‘a jaj dj*V Axa AaC- w n Lq 
(JjILo ^I^aj c^iliA ^tilLj <&I^xa1I Ajl9^I ^ ^)I^a b\£\ ^iU ^ic. ja ^1 ^aj 

: ^ji^jjojj aJjVI S^IaII (J^*a 11 (J^l (jA 

/i = q — ^— (8-19) 

r 'S^maxs+K's ' 7 

. Ig nil Lajlj lIluu] ^ jLajJI oiA ^ A^J II ^ajS (jl -laa-V 

Cell yield and maintenance t^iablj *Ua& 2.3.19 



cA^I^j-uja A_J jl 6^1 a JS1 ^ JJLIaII A_1a£ AjIj (Jolijll ^.Liaxil (JaIxa C_fl^3U 

*/* = % < 9 - 19 > 

-J> S= 

(JaIxa (jC- ^}Axj • aIUaII .^jc a \\ Ajjaull C— Ia I ^)jj£ j 

l J aJ jVI SjIaB ^ic. A_ilaJI jAil c-Uaxll 




(10.19) 



jajII J-1xa ^J.A^aJ Ia-IaC- j W nj Cfijlc. CjjIj ^)JC. pUaxll I 1 a u' 

J^*a] u' 1 )^aj IIa . e-ULl! llln cJ^l (j-° 1 x^aq^k^A 

.3.19 (JfuijjB u^-° IaS ^Ail! (Ja*a (JjULa -i^Vl 
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4j]jL/I S-iLall iiSv\ g'n J Ja»-o i_u£j q \ (j^-aJ 1 3 . 1 9 iJSijaJI 

iV jil 1 i<u J*i‘l<« f.l£JI jl£ La 15) l _ 5 -lc- I^LaJC.1 t (jjliajjJaJ 



Rs - 



Y x/s 



Rs = — + Rm 

'em 



(I -11.19) 
(t_j -11.19) 




JjJLa dJa ( <7s) S jLaJl JjJLai ^Lu ^uij . fliJI jaj^La : 3 - 1 9 JluJI 

jiaUl!l Ale- _$& (<7 m ) pILlSI J^slsca jl .a Li. LulaJl j»j^u jll f-\ JH oil j^Jaj .(y/) jajJ) 

fUL2l fUaC- fUjluiL fUasJI J^bLa 4-uLufl ^ jU jliaJVI i— ijlLs Jlaj . Q s £-a 

frUaa " J^bLa JLaj JSjaII yl\ Ajjjjaj 4ja&j Jwa Jaai] jliaJVI i_j^ILa Lajjj . ( Y em j 

. jjaill l jJc. Xajxj ^ l!l iK( Yx/s) -Sa^bail 

o^alla *LJjl 5l_^a ^ya (_g jl~sll ^LuLU ?.LLul]I ^^XaLt^a (j/s ^JjLc- dlljA tljj 
( yield exclusive eLaJI elhc- ^LilLub ^L^l 4_iUJI <=LLc :LaA j t <alLI] 

{observed <ll£U A^XJI eLLJIj tY em U& t maintenance) 

c ..a.,.:a.SI) *LL3l jL^'i-all LJ jl s.La J<J yield of biomass) 

Jaa».LLa3l ?.Ua*JI (jl j I 11.19) CllV jl*-all o-llc) hi .{ Yx/S ) 

_ja!i]I (Jjl*-a 1 a\»j 
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M^em 



(12.19) 



^x/s — 






n>« La£ 4 4_Jl*JI 4_jj\-s 11 4iU&JI ^_^3 a-lflill 4 _ia&! ^n/i'i j 

. (JsLuiVI ’il-li-al! 4jt3.2! ^jlj)>s 0^)33 ^^3 



sJjL^I jjC AuIjSH iiSfl Jjxaj jaISI Jj *-4 3.3.19 

Specific growth rate and uptake rate of non-limiting 
substrates 

4jt3-lil J_>-a ,_^3 (S') o-liLail <2 jVl ajLail >la.VI (J^*-o Vjl ^ nn*\ ; 
aHxaII JSU. (j-o i6^)xilxju* j\ cSI^x-aSI 

11.19) .I^kJjoalj ^^Ac< J ^sJJ ^aJ »(8.19) 

iJSjoJI l«l£J L_U$J j| t^L-J 



V = Y em (q s - q m ) (13.19) 

iJ_jj j-o ^ j_^oiS ls3j 0-llLall ojLall .1^.1 j^JUo ^^Ic. (Jj)k*->^ 3I Lail) 

. c ' 1 

(jjLuil ls \c.(S2 IjA i"n-a>>i) e.'nq.all JJC. -il j-o]I ojlc. ^ 

I^l t Jc-liilll $.LLutll Clulij j 




JjxaSI jA (Js (j) lIu^. / a j'Att Jil j 4 _u_jj jU) AiUall jjLuaa ijIa 3 JjJ £ j_$^u :4-19 
j i(C) (Jjjjiil JIajV ‘Qna.S tli* qp |jJU .<U3jSfl Si-all ii.V 

.(jiajVl AiUal » la^Luij t(J ne s , ^Ull Lalu i(fU4l <UL»g <_ji) LiliiJ ■ aS^fl J ,(H i 

All (cjm) JaI &» 4iUa Jjfui L# Jc. ^iVViMia (jjSJj 3XJ aajJj 



755 



ilS (jli tCulj AjJxj Jjscaj sIJjlaJI A*3l!l Afrjjjj {jl La£ tq$ jJijj LaJjc- . jAili A3Ua 
.4ilkl! j^<aA",U 4J j J Aj^IjVI AjJ] fULit -alia (ji VI .Luai j-iaJj q ne s j q na s 
La£ iJjjj (<7na,s) ^ g'j nVI i^£- JjJJ (<Jne,s) L)J>“^Stl dV^lul uli31i Axuu ji 4-%/nllj 
jjaill Jjxa jj LaAjfr (jLiiuuj j (jllajjj lilliA j * u$\ f ^ L^jl J (jJajfr A .mm jjall 

,<M ^1. „lj jj AaUall ajjaia 4_Jji a-lLa j£] AjjjaJI AJjSJI fUaX :£)l La* j jill 

. Jjjj Aj] ji ajLa aJ^j J£J Jj.. 1 ^ ' " <>sf ' 



Oxygen uptake rate 



juaojtSSn iiS Jj*-4 4.3.19 



iJSjjj Jii 33 gj ' AiaS/l J-ixx (ji iajxiuiall £-J j^all ^3 

^^jl^a ^3 6(14. 19) Ai-Aji-all ^ wi'^ e.llajeJI ^aill <J.}x-a 4 I~> . .1 ^aj^Lo 

ajLall g"'.aV ^-X- Jl ij-ix-all j ^x- Jl <J.}jca]| Ji c4xjlj 4j3ixj al-lixall Ax3.lll 

AiUiSlI Clllj aljli-all AxS-llI £- jl J 't ^ ll} L ;> ; J J w '; AxljVl 

(C- energy ^jJLII A3lln]| jX^xa (JLajclaal ~ > a'q I gjl gfLaJ . AilbtJI 4 Ja II 
J 0 4 C j^alixll Jlia-lj JJ (_j-a (jxjjlj-a ^jjxxajl gySS-lj Jj SOlirCe) 

4._; lac. JI ^^aaai; ^ill Jjxll j (C|s, an ) a-ljl AjLuJ Jjlill J 4 Jj;JI 4li£]l JI H 

■ (_£3il (jj3.iillj IJa ^unci'i gjaj LaS .(c[g, en ) t43Uall ^liij Jal ^ya aAui£l 

^.Wn,'; Jjjj a-laaJI J^l {ja Jjj Jj Ljajl ^aAuiSI AxLaC. Jj 



elll333j a^IlxA (^)J Jl^il ^3 .4.19 aJ^jall j& La£ A3lla tjxaa^ 

4jixalj e^)£all c43Uall (_pajl 4 Jr. ^J I^Sa A 






^S- fls. an + qs, I 



(15.19) 



1 jj VI a j\*s\l c^ll^uti^ll o)y (jj 

^ j*±i Uii^) SjUII JalSilV (oxygense) j\ n>>a^VI ^^Vu.n ciulS 

(J£jau (_^ (jj^k xti^VI (j -0 ^ » \1 C1 jIj£^a]I jl i ^ t(J ^jVnx>\l 

(Jj -0 A_il jl 6 jLg (_ 5 ^ C> 6 tdl j] . ^ j (j^J ^ 1 (j-Q ^joUJJ 

4-Iaxj.uuiII Aul jVI d^Loll (33 Jj L_baiLiLo (^o) (j.)> »*i^VI c^ljl g’n»l (jli c 
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(stoichiometric coefficient) (_>-Ua JaLLa JUd <*_« (q s , en ) LiLLii 

: ^o/s 



90 - QS, en + R 0/S 



( 16 . 19 ) 



(j -0 mol 6 — ' jLaa f{ O S ‘ jjSijliJ' 4-ajlS (jail) “CiLaxlj 

6 mol oxygen ) jjSjlill c> s^lj mole *lja> (> 

. 1 gg 1.067 J^Uj La jl i (mol -1 glucose 

A \Vsll (j- 0 AjLaC» JjSJj ^Ic« 

AJ^JI <^3 c-UiJ! g.1 J^aC. ^LuLojU c^Ua*JI d 



I^A s-liill AjLoxJ 

C s qs,an ( moles C g _1 cells IT 1 ) ('- 17 . 19 ) 

i ^a Aj^j^ a]j£ Jcpk^'l 

C x (q s “ 9m) Y em ( moles C g _1 cells h _1 ) (lj-17.19) 

(jj cs - ^ SjsIaII Cj j C5 



:(17. 19) aI^IxaI! ant <7s ilA^jc«_j ajjLu£Lq ^a djlas^j 



^ X 

9 s, an ~T ( 9 s — 9 m) Y em 
c s 



(18.19) 



(J-latall (JjuT'sll (16.19) “U^Lf-a ^3 4jjL«-ail oiA (Jliid .3*J 

^ jill 



9 o — 



q s f; («S - </rn) r em ] R 0/s (19.19) 



al^x-oll Ax3*l]l A )\*aC. ^^3 ^ji?k joiSV 1 (jl ^A I^A A_loAI j 

d_jS3 ^3 ^jJa liAj .A-J^V! d^Loilj AIijIjII Aj.laui.\l ^jJ-*a ill u tl 

. jLujy! ^^3 al^x-oll Ax3.a3! Aj\aC» 
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Oxygen transfer rate 



j j-yA Sfl <Jja4 Jj*-4 5.3.19 



jA L ■ jll ^3 J*\ i.a\l j ^ ■ "5VI Jaa9 t4_i^jjj^JI (JjC-LLall jjLou ^9 

tojlc (j^oii-Lo eljgll jjljjj fcLoll (_g9 j '•s .n5LM jljjj jl . t^Ilg'nu ; (j2l 

<aj3 0.25-0.19 itiM JAju La ji 8-6 nig L 1 jjj Ua.i^xu 

diLi^ll (_>osj Ijjjsj LSj^ji 'La jl . (^.iLluu4l lauj^llj s Jj^' ls^ 

(J£jou ji-s .>i5L/Ij ijjj!i]l i. i-nj lillll t j£jJI ^glc. j£j^o J=luij ^3 lAliJI j^ 

dllc-taS j^ jj~s n5VI jjbtA3 i (Aerobic) 4_ijIj^JI CjLAa*JI ^^3 Ja-al jLo 

jj£L/I jl kg m 3 h ' < j j-> > n5 VI Jjaj J.i*-a) Ja^ujll t_ut j j j-v > h5 I ^1 ^Ija 
jj£jj «uV t^-a (Parameter) jl»-o ja (mmol l " 1 h" 1 A jIjj 
<jl£ lij 4(3.19) Jj3 j ^^3 (jjy.AnQ ! I AjLoi^. ^3 

^lx]| 3 ^aaJI j . (jjS & 1 (jLj^)^. (J3 *-q j ^ ^s^all ^3 I 

: y2i ^ U)>^ 1 J JJ3&1 

OTR = ff L a(C*-C) (20.19) 

j£j 5 ja (kg 11T 3 ) C a-N^>\l jja. xu£Vl Jjaj <_J-aL*-a jA (h l ) K\Ji C'n^.; 
( j\ 4 jlijl jjl 3 £-a jjljj (_^3 (jj’N m5VI jj£jj] jlj^ jA C* J t-jlioJI jj-s >>i5VI 
qi-s m5VI jj£jj (jl V] .(Jc-lLall ^ Cilclia ^ tjj> >»5SM ja 

‘ ' JJJJ jAj l *4 -lajjjJ IjLut-a (jl JJC. tAjlSlj^i l _ 1» ><-i\l jpo iC ti-jliall 

JJ*J . jlijlL ‘CaSat-all jl-s >u55U L. A jjA ^SjLa t(DOT) i_jlia]l 

jj£jj jjj <a5l*ll jc. (m 3 kg 1 «■! j^ll ^ALI %) t^^gA eiulij ^l 1 // eiuliill 

. i_jl iall j ]~n . n A' I JJ jJj la II j'-v . XV | 

DOT = HC (21.19) 

6 uty 7 £y» j j-> .. i5 VI jLjL j.^jj jja. 1667 Jj 14286 j* H k^ua jjjj 

.“ClLaxll Isuaij ^^3 jj'N . .5^ I jLji jjUaj jAj ( Hlg 1 
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jJljj ejVi** 6.3.19 



Specific mass balance equations 

*(5.19) j (4.19) 4? Uil Wi ciJja ULb 

iLDI g '] . >J j 4 jjuII j t’ijjLall -LJjL/l o-iLall (JSLi ^C. Jill CjLZ-iLt^aj 

(Jj|.^i*^\l i_J^I ^_ya l^JL. j <2121 A 1'i^H (j_)l jj CllV jl»-e <jtj£ y£-aJ <jlil 4 ^j'-v . XV I 
.DOT J t( ^Ly) 4-4^ ^JjjaJI “LSj^IIj ‘(5*) o-liLall <2 jVI a2)La]l jj£l Jj ^^ic- 
i—Lullla) ^JjLM <J.J.2I Cjjj2I Jjjs-o dljlj (Jl22 jSJ iA jl-s 11 Cjjjs JJ jj 2 j 
(Jii-oj .(22.19) t4jj)j*sll a <ii5i ^jjljj “UjI*-o (kd) (j^^ 0 (jSLij 

<jjLLa] ( S ) j.^i'ic. J-laj i"n~> ; 4ojjsiuja]l <c.jj^]l iJi^VI ^ CjL/31*-2I 

,)jv2l AIjIs L>»ii (_>-ij j t(1.19 JS22I _jlajl) LLliJI (jljjj 

. S (JLa&l I jl (j£j j 4ol.2*-a]l <*3.21 CllLlLaC. <] la. 



?£-= -'-SXv + ^X,- k d X v (22.19) 

^ = F - (S, - S) - q s X v (23.19) 

^ = lf La (DOT . - DOT) - q 0 X v H (24.19) 



Continuous culture 



SjaLuiaI) 4.19 



^SLa^JI jiJJ . (JcLLall (JLLi. ^^3 ^ajlj (jL^a. q jxCL,.'..21 i." '' ;l.a» II (Jj3ljj 

* 

A J.X2I ^l2l 4 U_3_4^ 1 ~i). J*i <31 (JlLa t<lL Jjloj j3l (jlj^sdl (Jjl*-aJ 

o3A .1^.1 <3sujjIjJ L . . jll (J-v).a (J-!l*-aJj nJclLall ^^3 <jjIj 

<312231 <3LJ jj Ja.Aall ^ jbjjJI jjaj i(Turbidostat ) cjLLm jJjjjjjJI ^ 
.4222 <*.j3 Jc. <L jij^ua l$j La ^ j j33 (optical density) 2.2 j^l 

c.lL v i yLjjJL ^jLISI ^ t(pH- auxostat) CaLLujJZjI -pH II j 

^ Culii jLj^. (jlLLs ‘(Chemostat) c21oijju 23I ^ Lai .ciulii ^pj^jjju^JI 

^■amij j^3 te j .a Ami .ail jI_)jJI ,^3 c jjiLa ^i^l jA CllllLj jjuSLIIj .(_)i.2La]l 

max b t> UiJ 5 U 1 ^^ ‘> 0 ^ ^ 4 max J-^ l5> 4LUJI jaL 
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Cj' U*M)<cn^3\ ^A ciUXOStclt 31 ^jj . ^1 1 ^JlC- (_J^l-uLc l * lUtij 

CjL 1 *.*j jAiKJ! Aj^Iaj <jj .Ali^J ^iluua ^)JC. g.inaj IaIij ^ max jA ^Sc- ^<u 31 j 

i* 

. jl >.o'Wlj LiA 4^o_±La 




— 1 sl£li^ .AjjjaJI 4 Jj£JI JjSjjj Jj*^i ja±Ja j i-<l*. Jj&ij : 5 - 1 9 

4JjIjl 4 ^2) (22.19) “L-ibi* (j pj 4jj£]| q_)Ijj <JjVjbm2 ,_^42 j (Jjiluii 4jUc. 40 

4jj£2l jj£jj sjLji dJjj ^JfrUaj 4 j2jS 4jt3J jjla SlSla-aJI j a t .(24-19) 

JjUajJI ^jLi jit, <LjjSft sJLill jjSjj £)j . (JjVI » j < ■■" lie-) JpUajl Jj3 LjjjaJI 

10 = Sj J*s 1 Lui jjjJ 10 J Jauj ijJ) (jUjii f Jj jl jjlS 4 JjVI » j ■ ■'" Jjfr jjL 

. ..w Jjj . 1 Lu< Jnl 20 (jljjiJI Jjjui jljjt ('jjliiit ^ . ii 'I lie. . 1 jjj] jc- 

.(* ji4 j»l jfr 15 = Sj) J^a* 2I (ji jjSaSI 4-4 jVI SjIaU jj £ jj £<• ■k' u, J^ jj*j 



Chemostat 



1.4.19 



“LlljLM i^yt CAjj5,oH ^y> ljta.1 j (j_j£L (jl dltlui j.aj5'l ^2 

4jJj. W -a (4alia]l ^.li-tsui) _jA (jjfL) La LJlc. tLlLaC. . Ijj-la-a 

# f * 

Aj.lili!l (Ja*-o lij AjJj.W*a3l ^Vi'i . LjaJ ^jl Aj^i-c 

:^5 VI aJjVI SjUII <£A*SJ J^o ^ aJjVI Si-JL 



f 

— Si < (Js max X 



(25.19) 



-lie. ^-oLolIuj _^<u 3I (jli cAC.^)jaJI AjLg ^A 4-Jj^/l ftjLal! (j£j ^3 lij 

5.19 (JSjuj ^ AjJj.Wa Jj (J jj-a^3l X jfd^ 
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4-ljJa. <3 jS jj£l jjj J I jsiuiVt dltli.ii jxj£lt J.'d'T dSLlxlilP alSl^x 

pUll ^jj ^ 4 jl jVdVI ^9 «J.gim 1 1 ^Iddl dLlLoaJI ^.Al . <qV‘i^..G ^d d*Z Pax j 

i_J_jiLo _jA (_£Pll c£> = F / V “ Lidi// Ido Pda dl^lidl] ^jl_iJ ^uijj 

<Ay dLoJtll dl ^udol _jl __)&iuiY I 4lti. ^aJP ^glc. (J jxaadll (j^GJ • X = L / Ft d jfLaJ! 
(jjljjj <L^all <iii j dYpl*xl dlildj (J _jla. JAd (jx Z 5 j tDOT <S 2 ‘5* ‘A^ 
^9 ^jxadlx ^A Lg£ idy/d/ = 0 (je^. l J' F' ‘ 1 X' ' *tA^. Jaj^)d ^9 tpIlPj c<A£ll 

.1.19 JjdJl 



!l$ia. jiJ d'Zpdtx (jxj ^XyJ ‘5 ‘/./) ^pAjII jjAstxl] J oaA/ 

<£&ll <jjljj d^pL-a (jx (Z 3 j iS 2 ‘DOT ^jdSn jpA*-®!! dSLuil 

. (Jxlft (_) £j <xaldJI 
uL ijxdil jljldV! did Jjla. CiUtt&uil ; 1.19 JjPdl 

4iildl jIjSQxVI 4JA ^ JaJI 4jildl 



MB on biomass 
dX F 

— = — — SX V + #iX„ - ktjXv 

dt v 

^ jjAJ 



M — Mmax 



S T- K s 



MB on limiting substrate 
dS F 

6 F-ytt-S)"** 

MB on DOT 
dDOT 

K l o (DOT* - DOT) - q 0 X v H 

dt 

MB on non-limiting substrate 

^l = ^-(S3-S2 )-qs 2X v 

MB on product 
dP F 

~ = --P+qpX v 



^^ill j-uil Jd*d 
M = 5D -h kd 
SupLcjI 4dijN T | Sdlcj| j-i£ jJ 

S ***« 

Mmax M 

J. i ji«A | 

d y x/s 

x v = — ^(Si - S) 

(Jadl 

HXyH 



dot = dot* - ■ 



L/oM 



t~iT.'. jpul 4 gjj'J :j_J jjS jj 

px v 



S 2 = S 2, 



jdil jj£jj 

<jp*_ 

D 



Tx/S 2D 



P =■ 



(19.26) 



(19.27) 



(19.28) 



(19.29) 



(19.30) 



(19.31) 



^9 jljaiuiV! <1U. ^j 9 sl£ta-a] 1 Ljun lAuid 2.19 (JjPaJil jg A 

^IpVnul (.jSid •(* ^JD* - ' 0 "ilALax _jA MATLAB ^IPadAj dtiui_jdSJI 

. dtlui_jxj£JI el Pi ^YSPxx duljJ i_jl_xaJ! I PA 

(chemostat.m t^la -sA") MATLAB m-file o- 3 ^' 

.MATLAB _ll jAM Spa’j "chemostat" >gY' JApL sl£U^dl Jid j 
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I*, j I (J„UjaL).SI dljLil II AjL^pa 6 ( 4 ) AjI^-UjjV I 

6^)Lujj !| ? 4 | dljLiL <La ^-da-c (j-aill <c. 

J-axj La-iic. MATLAB — SI (Jjs £y* * ^aj 4 dA&iWj ^a s^Pj^SI % 

:Sl£U^lt <j!j d jju j .m-file 

^jujI j (_^A^ ^-Sc' ^)da]l L-lJja ^A S.VtiLaB AJjVI SjLaSI (jl • 

<jl dJjLoII 4_il jVI SjLaII V}Sa 3 Jjjj V . d-liaoll dV-^t-a 

} 

aJJ .lilLjl J3 La2LiJI [jjSj c"n j \ I <xjxLs. 4_<u3 (jx t. qjqV'H (Jjbtx 

LjiliJI ijVj i(26.19) (jx 1 aoSLkill J-lxx ^^Jc. 

:4jjLfcx]l (jj£lxS /il max (jx £• Jjxl JXJJ (jl ( *2aluiJ V 

= Cma^S (32.19) 

cjU^jx^l J> jljL-VI Sl£L^ MATLABJ' :2.19 Jj^aJI 

clear air 

kd=0; deha= I ;Mymax=0.8; Ks=0.0 I ; Yem=0.5; 
qm=0.04;Si=9;DOTstar= 1 00;Yxo= I ;H= I 4000; 
KLa=800;S2i=0.5;Yxs2= 1 0;alpha=0;beta=0; 

% make an x-column vector 
0=0.050.01:1; 

D=D‘; 

96 y- vectors according to models: 

My=delta* D-hkd; 

S=My*Ks ./(Mymax-My); 

S(find(S<0))=Si; 96 correction for boundary conditions 
S(find(S>Si))=Si; 96 correction for boundary conditions 
Yxs=My*Yem . /(My+Yem*qm); 

Xv=D ./My *Yxs T(Si-S); 

Xd=kd*Xv . /(delta .*D); 

DOT = DOT star- My . /Yxo TXv*H/KLa; 

S2=S2i-My . /Yxs2 *Xv . /D; 
rXv=My *Xv; 

qp=alpha*My-|-beta; 96 Luedeking-Piret model 
P=qp .*Xv . /D; 

96 make matrix with y-variables in columns 
y=[S, XvXd,DOT,S2,rXv,P]; 

96 enter scale max for each variable 
ymax=[ I O. I O. I O. I OO. 1 . 1 0,5]; 

96 scale values to a O— I OO scale 
for 1 = I : length (ym ax) 

yscaled(:,i)=y(:.i)/ymax(i)* I OO; 
end 

96 make plots and labels 
yp lot=plot(D,yscaled) ; 
set(gca,‘YLim\[0 I OO]) 

X Label (‘D (/h)') 

YLabel(‘rel. values’) 

title(‘Simulation of steady-state in a chemostat') 
legend (‘SO— I 0\Xv:0- 1 OVXdrO- 1 0’.’DOTrO- 1 00*, , S20- 1 \ m rZ 
1 o’ ‘P-n_s^ 
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(jjj (> £jj (^9 fj, 

n 



LijLui-c £ jaJI i QjQ'vMl 



AjI 



•(S = 1) (jljj^ll ojlc-j (jj-i (j-^j 6 (k& = 0) UiLkil Cj^-g 

<j-<a L qjq-v.l'1 J«lx-o L_3 jj1j La^ljc. jqliix ^)JC. ^-U^aJ cLiiujaJ 

. 4_xujjL^JI A_xlI^]I 

<aj 3 ^j-o aJJ ^ oAiLoll AJ jVI ojLJI U’ 

(J.Ax-G (j! ^iC' 6 ^La 1I <X-Q B tillil .j^g 

l Vig^MI J^lx-a l_jjjL (jl ^LnjJa 6 jjjIj ^i±j L_Liik!i3l 

s 1» 

.( liAisdll dlV-ia-a (.j'® (_£da ^^ic. 1 AJjuaj diali _jA lllildJl Jy&jy (j! 

i. inni 4jtij^)-a]l 1 1 iUSLdil! dlY dt-a /^ya (J£ dc. -Ic . )j jg3 

i. in«i <daaida]l j ^)-\a\\ ^3 adLall 4_djVl ejLall £Jli^a]l jjSijjll 

t_llc.l ^ ia^l/Lall <1 JJ^. \1 4 Jj£]l alia C- (_paliLi»jl j Lll/liJI dl j-a 

<1ia]I Li^LiJI jj^l ^Ijlli . (“lisllail e^-allal!) <5Uall <Aj$\ ojLall ^Ijlddoill 

(jV j . 4_daiiida i 2J2Vi dlY dua (_£.l2 lHa jasTall llliliJI dl_j-a Alla. ^^2 

Alii t(4 t >i2A i-all^ ojiA i liiadll dlV dt-a -lie- (jnalail AjsJI LilliJI jj£jj 

1 2j2-s"l dlVd-a de (Jfy / ^¥y“^Yd)) £• J jll >*j AuLlij SjLjj £3 jJ (jLaJ 

.(tilli tA^ t | 4 _jill dl_^a]l (Jd«-a y£Ll /jl Jajdu^ A*d j-a 

Aljldll AliSJI Aj^ljil tl 'niq-sMI (Jdtn £-a (_UullLa (J£duj tLiijai djl 4jl 

dull Laifla .J^iill ^ . _jil! Jdt-all J “IjjiaJt j lS,j!i ^^ic. Juuau 

lij liUdj . ( _ s Ac.l Jdt-a dill (j-lc-l LllA-iJt 4_ii.llil 

JjVll dlllmj-aJ^H jjlj (i_llla]l (jj , s J^dl jd(-a l SjJ 

. ^ 1 ' ^V 1 JjiW ^ dildi j-ai^ 

^-a JjILa (DOT 12 Idi l-aj odLa Aul j^\ ojLall (j^ 

jlj Ijl •(^l c '2 ^^^(odLa Jjiil) ^ii 4j| V] iodLall 4 u]jV 2 ’ijLall 

^-11 L5"^3^ 1 ® >*-i2 t ( t Sj ia33^ (Jddall ^3 a. *1 12 nil 4_lljVl ajLall J)-iS jj 

(jx ^ _ji l^_l3 Alla. da.jj La-a tadLa Jjill 4uljVl e^Lall ^3 (_p3lidjl 

4-lljVl a^Lall (_j-a 4£.ji> 4jldal (j£-aJj .(shifted) (J_jid Ji2 4jJj. W -all 
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. 4 AJjVI SaLoH ^-A Clul£ Lq IaJ jlilkV &A j i ^»'q^\1 o J uLoll 
^j£jj 6jLj£ Jg Axl ^lill 6^)jl*JI AjLskJjgjVlj cAUa j)-o A^till ^aJJ ^aJ 

<jL^HuiVI &aa L&-G jjlAaa j! tDOT 51 (jdliajl j! L£>laJI 

.aAjiLdl ^A (_£^)^V! A_i 5 jVI aI^a 5 I ) (jl ^^ic. Jaj 

(Jj^ jjjj dl_i£ jaJ ^ jJI ^lc> jj£! Adu CjIUjoj grV^H jj £ jj jjl 






(Luedeking Piret model) duj^j ^aSa jl ^tAj-a i V^j ^Aidl 
<L^alxi5l CjUaidli .(1.19 (JjA^. tMATLAB 51 (j^jjaixa) 

C' )\ VnxiH jj£jj (jV cdtiuj _^ui5l ^ 4 _i1axJ <Loc.jLo ^A jdltj 



C di VA x-o (_£a 5 AdaAaJ 



f * 3 L 5 ^ 



(^paiaA-a (. (Jaxa ^a 5 4_Jlc. A jLdl jj£ljj5l (jj£j LoA^C. j .4_Jlc. 

Aid fiAjli j 4 _jAaiAAxj 4 _ia.lAjj ^Ac. l^-iS (Jjj-aaJI ^aJJ ca^dauAl 4 x.^)j-<JI 



.^AHaIS jj£jj ^gAc .1 ^Jasu ^Al! idlAx-dl 4 jl 3 a 5 I 4 _iLixj 4 A^)ILq 




= 1.6 9 9 ^ *LbLAI dJA AHIaj . ljLLuj j-4j£ 10“ 1 <ji j£Ua ^LlAV Sl£la»a : 6 - 1 9 JAAAI 

,jjJ (j^a dial j 4_Aa AilaA . Alfr • y X \s =o. 36 gg _1 j Ks = o.oi gr\ axm Stf 

^A ^ * •v * a Y A'/.V = 0.46 gg 1 uflljaJI <Lu^la <LajAj Sl£la-AI 

Jjli Jluu 4 HSJI jjljj jjjj V 4 JI VI i^ic-luaj ^luu jaL jaliall j! (log N 2 ) N 2 
.(X 2 ) jfiUail 4 ia-a Jaj Jjjl Ai (XI) jjtSil LaAIc- t^C-luj 200 Au ,j-Lill 



Ajl 3 a 5 I dLLaC. j <*Aa 5 ! dLiLaxJ Aj^jILo A Ag a'I AuljJaSVI (jl 

A a <iijujj dlHujjA ^ll tcilli ^Jj AiLdj .Ajtij^)>JI 4-i^.ljjVI ^_^A 6 Ia*-a5I 
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(J-la-o ^glc. AjjIj ijjjoj CiaL j-ojj 4x3 LLLiJI jaJjl^j^JI i—SjUaj ^Ic. ^ C : 'l% ill 
^cX n<nll ^l.'l-s'naVI (jlftl ^$Lil i_)U»ilVI Lai .(jLLki 4jjlk 4LIL£ j j-aj 
AjJjii-aa . ^.ulu j J£«j ^ i 11 jl^ailuiVl ^.ic. j^a CjIIujjxAII 
1 La . ulll ^)iUI (jx Ajjoil m^ll i»j ( (_p=LlLl 1 )-> ^9 ^^A 4jix»^ll 4_1 xiLujV 1 

.“LJjL/1 o^Lall jxill JjlJtx (jjj (jjljj -2_ja>.j 4qiq^ ^Jl 

u 1 * tgxlall (jx * CjLx£ ^Ixjl Ja^jSjl (jjlilL i_ 1 C.Hj]I ^aj I LI LaJjj 

t * 

j 6.19 AjjJa^l ^_loj j! S^ilall 

i^'V'iAi cW3 110 (£. COll) A-^^xuVI *Lij j£ll Ljn^i'i (j-a ^ £-a VL-g 
- iLa^^L Lai . -li-ajjL ^)JC. L>° A-jjJ^II aJjSII g-UaC- 2- <a Lt-a 0.46g g 

iSlSla-ttl! . 0.35 g g c^^'.u 2 \~k * '1 J-olx-o jli cTZZ2 (jijj^j 

ji 

200 .IstJj tSl£l ^21 £ -1 j -lie. Cll^Ja -iLaJjlj (j-a fi-l2 j A-ila. (jl 

. g-i.iA.il (jjl^ll 2^-^ 2 ^- j 4A_*j2_Lo]| ^jjl^ll I AA Ae*Loj 

Fed-batch culture SI&aII £ jlJ* 5.19 

^A ^j]| col-li-oll Ajt_9Jl]l CLjLiIaxJ aLojuj-a Auc.1 iwra.ll ^LaVllI CjLiLaC. a 
ajLall CjL j£a -l2 J (.** n*s ) i CIAjlSJ ^_1c- aJjI fijLo i AjAxj CjLiLaC. 

^jjc- ^a 2 ^*.11 aJjVI djLoII La 121c. . ^a2! (J.ix«a] I .luA^a a2jVI 
(j^-a J La ^2L Ltij^)-a A_il jVI S^Lall (jl cJjl >Vba.ll (3^J Jajoj^l! 

2^12^ Lyi^- 0 Lille. ^-I^Jjojj tillLl . .-vSfc.^kll 2^1 2-Q L jl u Ja J 

tVjl ssl-ix-al! ajlsaII a j,iV ) 2 LoxjjujV 2 ' j * uWf^ .%50 j 30 2 ^ 

L-I.Iiaj 2?-' (J-ft cJ^UlI! (_Jjx~a JaJjJa S A.\.Ujj j 4_lljVI ft^Loll A-jJ j, W^q 

Aj^ j - \^U i Lijlj j . 2;)'>^V I 2 J *^J ^fill 2-^ Ajoj-ll^ll daL-i j«l^-a 

$ f 

^a^JI cliLlLaC. CjiVl 6^-JajVI JafkJall L. UIaa) ^aJjVI SjLJI 

.(Sugar over- flow metabolism) l>^' j 

2^-^ V 1 2 ^iLoiV ! aJU. ^JJ sI-IxaII Ajl9-i 3I diLiLoe. 2*^^ (jl 

llilc. i*nj ctillj 2^ Ljajp . a^oJ-t-tujl g- 2^1L^oll 
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^iLij ^ fcSUast-Q 4_Jjl Cy* ^ uJj^ cIjV jL*-g 

4dl^x^ll <xBJl]l <iLqj«J ^alxJI 4 \*K\1 (jj'i 5 “Ujljt-a (jl LaJj .IVa CjljjilLoll 

ojl&J (j_J-i (j-o dllllm j).al^ll ^3 ‘La.Wnu.oll iA\'\\ Lilian i(5.19) 41jl*-o 

A VW 11 jj jl jj dlV 3l*-o j»l '"Vu.il j)£^&j Ajlj i § — 1 ^a (4.19) Lblat^s i (jl jj 
^ \\ >>i^» .lie. Ajl V] .al-lx^ll Vx3.lll (_^2 3.19 J jliJI ^ jLolJI A^a. LS ^- 

S-UaC. jl.'i~s 'll jj^)ii] (13.19) 41-llxLil ^al 'Vu.il (. _ r-s 1 Ajlj t^C-^iH ^aill J.l*-a 
.((_paiVj-a ^aj (J.3jt»a) LjjlV 11 Lslj^ll ojLj L$~^ Lljj*a 11 A VWll 



SI jiuJl SlSU^l MATLAB oLU* :3.19 JjiaJI 

Re nanne: FBstart Filename: FBmodel.m 



%FBstart Initiation file for fed-batch simulation 
% Requires a separate model file 
clear all 
global y2 

y2=[J% for storage non-diff equation variables 
tspan=[0 50J9S5K time scale 
% enter initial values and locate In column vector 
X=0.5; 

S=0.l; 
v=‘ta 
y=[X S: V]; 

% call ODEsolver and the model file 
[t y]=ODE23s(’FBmoder,tspan,y); 

% option if non-diff eq. solutions are induded 

ifisempty(y2)==0 

% eliminate duplicates 

y2(find(difT(y2(; I ))<diff(tspan)/ 1 000);)=0 

y2(find(difT(y2(; I ))<0),:)=[J 

%match to y-vector size 

y2=irrterp I (y2(:, I ),y2(;2:length(y2( I ,:))),t): 

% merge with y-vector 

y=[yy2j 

end 

% scale max values for scaling in graph 
ymax=[ 1 00. 1 . 1 00. 1 , 1 ]% X.S.V.F.My 
% scale values to a 0-100 scale 
for i= I :length(ymax) 
y5caled(:,i)=y(:,i)/ymax(i)* 1 00; 
end 

%plot and label 
yplot=plot(tyscaled); 
set(gca.YUm'.[0 100]) 

legend ("X: 0- 1 00 gflVS: 0- 1 gfL'.Y 0- 1 00L', . . . 
'F: 0- 1 L/hVMy: 0-1 HV) 
xlabel (time (hrs) - ) 

title fFed-batch with exponential/constant feed") 
figure{gcf) 



function dydt=FBmodel(t,y) 

% Model file to be initiated by FBstartm 
% extract vanables from y-vector 
global y2 

x=y(i): 

s=y(2); 

V=y(3); 

%Con starts 
qSmax=l.6; 

Ks=0. 1 ; 
qm=0.04; 

Yem=0.5; 

Si =505 
F0=0.03; 

SFR=03; 

Fmax=0.8; 

^Algorithm 

F=FO*exp(SFR*t); 

ifF>Fmax 

F=Fmax; 

end 

qS=qSmax*S/(S+Ks); 
My=(qS-qm)*Yem; 
dXdt=-F/V*X+My*X 
dSdt=F/V* (Si-S)-qS*X; 
dVdt=F; 

% make a dydt-column vector 
dydt=[dXdt; dSdt dVdt]; 

% store non-diff variables in y2 
y2=[y2;[tF,My]J 
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JJjiil jill QltkxuSV \ J«lxA 1 -jL.H^k L_laj cciilj Jc. 6 

jaj (J.^xa (J«il AiUaJI 4 _iljVl 6 ^La1I ja 6-1^ j J^l -lil^Lo]! jj^x^Vi t.^ llli 
jkil tAiUall jiaJ 4 j\aC. j ^».A& 4 )\aC. jdJ jaiLuil ^^lc. tillij 6j^aA^-iA 

.( 19 . 19 ) <bl~j 4.19 Jiill 

cSl^x-all <x3^]l <^C.jja &\£\ "\ a \\ A J-ajxjjj CjIjLui^. 3.19 (Jj-laJI C5 

L q\a W*U J . 1 jljjaJ! J^j^a!! jiajVl ■AJlo ^ iTuaiaII j 

A jL^aliilll <UjIxa 1 ] U^. ^c.,Vnnjlj (aJ jVI) 4jL*^V I JajjjaA! g.\ JaC»V FbstQFt.171 
. (a 3° jxic. <^ 11^11 jlaxJI 3) MATLAB 3 ODE 23 S 
^*ja^ Ijxj j .Fbmodel.m ^LuiaII l qIa'I cIajIjAIIj ^ojaa!! CjVjIaaII 
^jj iml.Fbmode 3 y 2 matrix c_2LS 3 1 $jL-»*. ^ 3II CjIjJuaII 
CjIaja^j l_u£j tlu^. (15 jJaxjj.il 3 ) FbstarPm <—*1*11 J] ^aUjj 

• 7.19 4 _ jJaj jxa . ^jLnll ^xjuj jll 




AjjIja t^LuaiaJ. a 3 u1j ( /") Aj^xalj Jix-a l.b .3*19 JjAall ljIjLu^ j-a SISI^a : 7 . 1 9 j£-uJI 
Jaliail <// max 3 J3l 5 -ajL ^ac-LuoS Jluu F Jb j Ski .(inoculums) ^liU Jj^luiVl JjjlaI 
J^i 3® F max 3 fJ UAjP IojIj 'L&til J-i*A 3LI JAl .// max > H £* ^AC-U-oi jaj 3” 

UaJjAj Ux4j SI£1 *va 11 3 a j 3t ^ . (SISUaJI &.ia 3 jAuala jjc- DOT) lia ^ai^la DOT ujLH^I 
.SI JaaII Aa3a1I ^jja] AjjaaJI AioSlI JaSjj j t jaj j idl^La A-iljl SjIa Ja£jj Ja 
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High cell density culture 



A-JUJ) AjjlkJt AiluSJ) £ jt ja 1 . 5.19 



S^AIa Ajj-l^jl A {ja Ia^. A_illc« Jjj-a AdjliLaj jaax'a 

{£aA • {ja (_£^}kl -laLajl Ji3 {ja A^IHa ^)JC. 6SIAxa]I AxSaI! Anfril aa j 

^-LlLai! La A^.V {j\ 6 7 . 1 9 ^3 AjjJ^J! aSjS 1I |^Wu J!)Lk {j* 

^)k,lj l A-jJbM.ll (JAxa £A (. ^ U tiLlLaj ^jaJjoia (J5ua. 1 Aa^J Ajj-l^.11 A L^ll jL 

SIAxaII Ax3A]I AjALj jl Vj .Ax9j^)a Aj^lk AsIj£ ^1 ^JkVij {j\ Ja33 (JjkAJ 

lij Ia^Aj . l^ilj (Jjj-ajJI (j^AJ Ajj^kll AiljSlI AiuiaSlj oAj.Wa Ljajl ^A 
(jl <j£-<aj Cliljjjtill {ja IjAc. <jli Ja^. AjIIc. Ajjlk AiLl£ AjIa* II AjAaj ^aJ 

Jl 

(jlj t * .ill J!Ls 4-iaS3 S-laJj 4_i]jl ojLa ^i& J (jl£i tjj Lot .4_a.ljj 

S IS ■" 

IjlgJ <j' ynaVl (jj£j iillil .^Li.1 ^1 LjjjloU i_ajjj) JaxujJI t-llLjj'W ^ 

aJj£ ^IjiV 4jjUa-a3l 4_}]jVI 4 jLji2w (j£-aJ i"lj-s ) . dllj jSLa]l jjfiljj ojljjj 

c-jjl^j ^3 &AjA^j (_£AH c^Llaxll JaIxa (J^Lk {ja SAW a Aj^i^. 

aS ^^Lq^U Ia^. ^SLlSI I jj^jjl! {ji ja^j l^j ^U51l l_i^j aIa^a caUIac. 
^LiiSI ^j^AJ (_£^)kVI A-iajjt I j . AjIaC- Lj^a jl IJinA (j^fLj 

£a ^j! jllL JLi£a ^)JC- ls^ 0 ^j^***^' ^3 CALj^aII aAA ^1 ..IrikJjail ^A Ljajl l^_J 

.oSaLa aJj! jI^a 

Lij^aVI ^A oIAxaII Ax3^]I A_u3j ^^3 IJlc- ^.Wja.>iaI1 CLajj^\ j.\*.sia ^jj 

Ax3a1I Aj\aC. J^Lk ^ jA\ J-b«-A U^jj^j j,hn .^n> ^S^ll 

jA LaS Ajj-j-sJI Alikll { 'j )l cdijlj Aj.l*j (J.^x-a ^a Si AxaII 

LaAIc- j ^ x^afll L^ik ti5LlA ^jt cJ*^ Loa .7.19 cJSku]l ^^3 (j;ifA 

• SIAxaII Ax3aS! A C-j^a ^3 L_kjAkli5! (JAxa {ja JA i^JjAlA 

^)A3j a\\ {ja AjI^ cAJLc. Aj^lk (kg) {ja 

{j* \a& .£1aja A-iAij (Jaxaj ia (jISaVI 

^)ASj Ljajl !^£^)a AjAxj]! JjI^a (jl vnj i (kg HI 

^a Ajc. 1 jj^oll CALaioxil ^3 .AjAilill ^ja L ftiiVill ^jiajik j (j-° 
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<jl9 cal Ax-all AxBAII CjLiLoC- ^Ww.iaII (JjojaII (J!Lo tS.vi* x> Al j-q ^IaVu J 
(_£^)^.l <JaJ-Lo Al ^^LaVI (j-Q Aj]UI jj£ljjll (Jc.li-all ^aSI JJJ (jl j)£-aJ 

(jl La£ . s-ULSI SAljj (_^Ajj Lj^ 3L3! cJ^ Cy* ^-lAxILoui (JjjaII ^3 Sa ^^- ja 
. (Jc-lLoll ^j\yxiS^\ <x-uij ."n^ ^ x«^y I Aj. ^j3I (Ja*-o 

SIaLaII AaiAll ^ jlj^ ^a^LaUI jaUI Lxua 2.5.19 

Control of exponential growth in fed-batch culture 

c_j 1 ‘n^V cVjl ! d I Ax-oll Ajl3a 1I A j 1 V 1 JLaxHujV ^LlujLojI ^jLiixjj cAlLiA 
(jLj^)^. ,1a uAal Lijljj cAjj)^v aa'II jl ^jA?k ajj 5^V I (Jlfljjlj VqljM^ll A.^Alg.ll dAjAj.W*a 
^Jaj V C5^ t II dlljA _ j.Wa A..Ujj.i.jlj . ^aI^JI ^jlVnl jl Ja^Lall ^pajVI 

jl£ 131 cA113j j . jLjc-VIj SjJAik AjjJ^. 4-ti£ ^Jj CiL^a J A3 <C.j^joll (jjS ^^J^. 

iJa3u AiLoxil ci*-^ c£*t 131 tSlAx-oll Ax3a1I 4j*Ai J LaxliujV _Li3b cjjjoJI ^a 13a 

.4jA j.WaII (j-a l_jI jj 3^I ^3^. .k*jll CllljjW^ (JS (jAajl^ £a aAi^l ^11 4 jl3a 1I 4jU,<; 
AjLaC. (j-a A^ll c-Jj\kall j)_j£ 5JL^. ^3 tjjLj^aJI -la^Lall (jAajVI Aluilllj Lcl 

^C.AjjaJ |a^_ 3 6<L<iLaj Ajjjlj CjI, y\'\A ^-Ijjl 1—UJkJ.I ^lIa iA\\aX II 4jlAj Ala (jlajVI 

C5^j c^Li-al (jAi^'l^ll tAK^TbmV I (JAx-oI LjI j-gj IjjIj 4jA*j JAjj-g A^^j 

^-aj ^3 ^Jjl (JLaaduil ^A A V'wi.all &A^J (J^JI .^Ia ^JJC- (j^ A-l^.ljjj 

AjAxj (Jax-g (JLgjLLujIj Jaj> u^vg Aj^l tdlAj j-oj Jax-g -lie. (_£ Ac. L-aj 

. (jL^^JI Ja^i-oll (jlaj!)U A^,^)^JI A a jqll dl^J AjIjVI SjLaII -iC-L-allo 

I (Jlfljjl Ajljuj jli (. -iC-l x^a'i^a cil^L^Jjail ^ ^ Vn 13 a (jVj 

Aj-i*3l] L-ia^j <iJI3j| .ajjUI <*i-i]| <c.jJa ^ LoS c4jsI£ jjc. ljl*i c_i 

> 

A )-\ nt jliaiVl toJA ^ jliail (jj .AjjIj Aj^*J J] J Jij (jl oJc-U-alJI 

^2 ^j>iq-N '] a]I (JjjlibVI J & »'in j ApxiijJI <ia.ljjVI •> ' ^~*1 ^-a.W‘*nuoll 

J ^.Wn n^\l A i-s jj| jIujVI Ljajl l^jl La£ 4 jjiJI JLaC. 

. cIiIaljo^U JaJJI (J 1 ^ t'inll ‘ , '1 ~'"'-J ( E.Coll ) ^Jjjjai'VI 
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^ liu jjgj V j .8.19 (j5Luj,ll b\£\ a\\ l.\LaII ^jj 

fi CIuIj j-cj Jax-c (jjqVi Aj j>,U^^11 j C5^ 4-p3tj.ll 

loAiLo 4_Jjl ^1 c> A 1*1^11 ^jljJ Ijjj Ijjli max/^ ^ 

^= £ (5,- S)-q s X = 0 (33.19) 




.S. cerevisiae * jj ■'■*■" 4 a . " » » ^ LjiJI (jij'it Ja^Ja Slsl^. : 8 . 1 9 JSJJI 

^ 0-3 h 1 t,4jJ*j]l Jjx^aJ \r-l ..VA1 (JjJj^ ‘LajS jA £)p£’jjal\ jaiua ^ 

“t^a. ^ Jli <J& 0-25 h 1 j jLuJI 4^_a, (ja Afr jjJI 

I F -iLa-jV A]jl*-a]l oi& W»»i n (jl (_j£-aJ 4 iSj " > ' > iS (jV 

F = qs^V) (34.19) 

Ip^l^aj (jl IjJajI uji^j F (jli 6 (3-0^ .isjS XV uV (jSl j 

! 1 Ujj 

(XV)= (XV) 0 e Mt (35.19) 

JUC.J (aJjVI) A A a i4l ^JIc. (jUjJ /j 0 (jl jUmll 4“l)*\ 

J (34.19) (jiiljla-alt ^jSa (J5Li. (j A (Jj^aaJI ^jj . Jlillll ^C. it 

l^ya L)5LiJI (j5-aJ (j-ojll iS^" V*'* - A ^ A-] ^^gJLc. c (3 5.19) 

'.[l _JAjll (Jjlit-9 t _gl C - _JAoll 
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( 36 . 19 ) 



F(t) = ^(XV) 0 e>“ 

I Jj La£ i . n 8 1 (jl jjaj (_£A 1 I j 
F(t)=F 0 e 111 ( 37 . 19 ) 



I^A A-palll ^lc« (Ja*-c ^A Fo ^** P's } 

: l> 



F ° = ^ (xv) ° e '" (38,19) 



.SaJ^ll (_yaJ$\ S-i (JfLaaJ aAC.1 ».*->"l.all 4_iAij]l 4 i’iVi ^Vn‘l 

(J A‘ill ^3 ^*Aa j-a _jA La£ i'alAi^aSI AjtSAll 4_iLaC. (j^a JjVI J Jail ^3 Jj^JI 

tj» •n I 4_lLa*JI oAA (_JA±laj (jls ( IjjIj Fx/S f ' -'~ l » S' Jal*»a j)_j£ (JlJaj .8.19 



(jAaaVI Aa«aJ jSJ Aal -li£^a l^al f.l max (j»a JSSI aluUi _^aj (jA*-a J Jc. IJLiJI 
ojjasJIj ( E.COli ) AjfL^JVI JJJSI L>° (J^ Jl (jS-i^Jll Jojiall 

Jl Fx/s J-oLs-J 4 iiUi 3 *j t 0.3 h 'jiil' fi CiL^j laAic. S.cerevisia 

. Cluliill J»ajSI jA*-a ( _jka_] aJ j A±XJ Aa. 



JLiJuVI JJjill Aic. alAi-all 4 j« 3 Ai] 4 ja>..Jajll A j-jl jAmVt (jl 

Jl aj=aj Jtajaai <jAij jA*-a JU*iuL jA S.cerevisia Sj^=J j ( E.coli ) 

4 jAial Jlj jj (j-aj i oAC-L-atLall 4 _lAijll J>Li, (JjljjJ jl Alll'nmVI (j^->» ) 

oALall jj£j ]ajj Aju LaiS . % 30 — 20 Jl J^- (j-a DOT SI c_jl Jial Aic. -JUi 

Jl AjjIj AjAiull JLuj (J jjliLjV J - il ' n mV I ^Slg'nni Clu^. JasJNIj JSjVt 

(JS^juaJ g. IJgjt.Sl j.W n (jl 
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Enzyme Biotechnology 

Randy M. Berka 14^ 

Novozymes Biotech, Inc., USA tAj jxaJ I 'Uljl 1 jxjjjj 

AJjxxVl 9 w " 

Joel R. Cherry . J 

Novozymes Biotech, Inc., USA 2nv;» jxjjJJ 4 £j*i 



Introduction AajUl 1.20 

l_p .iLxallSl - ^tLai^VI (jj-lw-xall ^ 1c. 4xilJI ellLliaxll (_jx Ij-lC. ^xu^all 4j jj 

t4x»l& 4 ;iii 4.x Jail J l"iI VKII (jx JJ (_yaljjlj 4(_£jl^iJI ^,VK :JLu]|j 

L^.a.'u^-a 4. la. nj~j oLJI c4j.lix]l 

J^jl^xll ^jxaSlxj 4x3 Jxal jjj (_£31l CllSjll ^J3 •aj^liA V Jii. 1 lUVi'i t J-xjVI 

J 4_1xjLjYI ClLl-laxll -la. I (jl . dllii Jxll J (jSjJ^iuixJI JJlC. ill jjj 4jjxx]l 4 it nUII 
tlxA A j - 4 SI >->’! I ^ Wij; J J] j J3l CliLaliix J.. j; J^'y Jxii Ji!ixix]l 

^-Uxa 4 1878 Jill ^3 .£_x!ia_all Jaw.,.' Js jjjJ /jl I ^'V-l Wi.nl 1 ^jll CjLajJ^/l 
lEnzumos <_y*j jjl JU Jl 4-al£Lll Enzyme ^ Jl Jk^ix Kuhne 4 ^a J 

Jl jJ ;3 Clll-lall ^ ^ll Ji . ^iV I Lsl .o^jiA^JI 4 U.nl yi ^jiJI jx^'l Jl ^yiuj Jill 
Ji . IJLaJI J 4xjLiaj£ 1I eli^Lc-lixll Clij-Ia. i”i' ’'f' jj; 4jjA J 4 C il jU-.ll 

CllLajjVlj •4x±ii] AjLi-aj iLnxii 4lii*x Ja jjiu ^ Uxjjjl e Ja-oll Cj^lc-lilill 
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dldlilll dVd_o jjd d. J) dliA] duiLuia. dl "Ij-^dll (j -a dc. _jj 

C-Loll iddgdjl j3 jj j i Jjjasl jdd ^aldl jlj^ill ^»ddj Igjl Ld liljLij 

.dalou djli^d dliLoC. Ja^o (Jd L<s dlc-j cdllallj 



BASF CLyWi) 4% 




Navozymesfd^odif 4S% 

jJ&i L ^jl\ ddbdl (jjjdl £yt *« JS d&j ‘UC’LLdl dLojjjSfl ^linH Jj£t :1.20 JdJI 

OJ^ 2 — J 

d llqlA-o d Jj dljjldlj dLoJ^jl (jj cJliLall (J j < •■ .1 Ita j 

^^3 tiiilil tdjldl 4 <Jj£ 1 ! dKij j kU~k"' jjc. JjVI (JjjGodl (_^A dlAill 

Lg Lg jj (jddl ^j_o J . dj ^£j| (j^j^)£]l "a j jd <3 jjjjtdl ^)j jjdll die- 1 4_dd d j _j jda 
4-jialtj i ajl]l dlaldoS cdjldl dlaladl 4_i^ jj dLojjjYI ad jid (jl 

djdod dku a ^ddj ^3 ^aJdid 4 d , ■ ' j JJ^ did ja j 3 jG ^jj 4 d-Vl lUII a 

. (Jjjdl (jo ^ jd^dl (_jic. IdLcdl (jajid LS^Ji Loo cdjlj-ij 



1 U.Kb. 



^llijjj j;-kl' Ac.I‘|jwo j 4a jdl ^llil tja.1 (jo dil.iUc. 

(JLla ^jioalill lia.j] jd'l jldul/ I jj-oil^l (JLdYl (jdl . djliil j_a3 do J_^adll 

(jlLill LgA (jo jll (jo jjjdc- 3 xj dll J ^11 dkdoll (J^d^ ^ - >>1 oil jj^jLl (jo dldddl 
d^jdloll 4 \ j { ^ y a'\ dljjdll (jj .dlojjpYl d'do ^3 d 'd , ,dl ^jojjlill $.1 jj \JS 

^ do jLUl djLojjpbU ddl jd-adl (jVI ^ Recombinant microorganisms 

i d d L , G k Ikl T~ j , dk jjjl I d (jl ^_a.^ojl (jkG J . G J 4x- ^ILg ^dlliilLu^ dl' I gt"i ■ l 



dloj jjVl ^ jiij Genetic manipulation ^ddl l.ic.^1 3J ^ g_lugj dllj 

?rdl (jj . 4 a jW'^ ^ 4l jlilo did ^-3 a 3 y^. ^oll 4 \ j,? -s dldldll (J^ld (jx a^jSjdll 
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^ajj ^glill "g-LCaAl 4_jjj^Sl 4_ll£iSI" j 411 iaxuJ ^gic. ^liA-al IaC- (JUia _^A CIiIaj^jVI 

4_jliliSI t, qS“iV^ . <c.^jja 4_ac. Llk-a CIiLiIaC. ^ 4 > n)^Sl dJ^^ja (JjLuj j (JIajCLujI ^gJ! 
g 1 j ^4_nia]l^ g.l^)A^Si 4-Jjj^Sl 4_jlilill CuLiiilaj y C- g-LjaAl AjjJ^SI 

jjjxj (j-o 4_ln]l (3^ cl^ ^ aA^jI CIiI^jjjIj <iltLcJ (^^-9 ^4_iC.I J^) 

■ *h k *)£ jl ^gjlj Culjlx_±jl j A2jVS ^I^aSI (ya.\kr^)j c4iL]a]l Vn J 4 _iIIjl3 

.gjlc. <■ frK ^aji^kJ ^gJl AiL-aVS-J t-Saj^A (J£dj 



Global market for enzymes cjUjj£U a^UJI 1.1.20 

4jaiAaJI J jixJI 4 -ac>' n^nll CIiIaj^jVI (Ja 4_iaSUI CjIjI_jjVI CIiaj A 

^j^jL 3 ^ jl Vn <jl ^SjjaSI (j-oj c^_g£j^)Al -J 1 ^ U_9^ 2 (Ja ^jj£ 1 ^gJI (Jj— aj] 4 u^iIaSI 

%12 4-^jgjii 4 VuaSI cIiIaj^jVI ^>~ n >> jIjjI Ia£ .2008 ^l*J! J ^jV jc 

^3 LJA AJa^^UA A£^)jai 400 cilLiA j . 4 j x > iIaS 1 dll jpj.21 Ij^Iuj 



j ^j| jjS^j CjI£jjoi l^io sciAaj^jYI ^juAi 

^£1 DSM j 4 ^LcIaS! j BASF j <(4 _j£j^)aV I g. WtaSI diLV jJI j 

(j-o %73 J] A^Lix-aSI gA <ja 4-xaAa lgjlj!^)jj (Jj-aJ C n*s ^3 CIiIaj^jVI 

ciAaj^iVI (j-^ ^AS! (jjilui ^l£j] *(1.20 Jisll) JL^VI ^aIIxJI 

(.4Sg‘nCi i<j£lj . jUUlt ^gi %15 j 4 _j£j jaSM S.WiaSI jll ^ %15j tLjjjjl ^ 
.^aJLxJI ^IjjJ (Ja %30 4_i£j^)aVI g. W’ iaII CjLjV^II (Ja (J£ 



^lxloll J Cg.lAllj J^IAaSI j C^gjfldll I^aLAl 4j^lj ^gJ] CIjIaJ^jVI ^Aj 

.■^gj! AlxJL 

^jAjJaJJ 4 _Aj CjVLaAojV g^Jt-A 4 x-Lia]I CliLaJ^jVI (j-ft %63 • 

J (J3-J3^ 4 n>c. j j c 4 _u!la 3V 1 j c Cjl^Ja iaII 

^^3 iClA^j^\ (j^joi ^j-c 4^3 ^£1 es"^ CjIaj^jI cJIaj j • 

.^gJLA^VI c!jIx.ua.SI ^ ^ja %31 

jAll 4_j£l t (%6) I jAa lc.Uaa Jjaj3 CjUI jjaJI Ale. CjIaJ^I IaI • 

.cijlAjjlV! (J^jo i ^ 
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Development of produces strains jjjIsj 2.20 

Screening from nature's diversity 'Uj.Jall £jii ^Ljill 1.2.20 

(j -q iaa3 3Lils Ij^C- 6 (JjIa Ajt_i3a]l ^3 A-j^)g dlldl^ll <j] 

(_g,Will .SJ.W-o diLal.'lVntiV LoLd Aasl j-o dlLoJ^I ^liia CjUjI£JI 

Lg-^db ^ill S^)j3 ^11 djLoJ^VI (j-o (JLoJtJjjjl JdaS^I 

dlldl^ll 3^ d )\ nar 11 L_fl^l jlddlj Lad j-d (dlaall) A_L^>iJI Idj .Lj£ j£ ^Ic. ^ jjaJI 
3)-o dlLj dllc. j^-s ^ jl A-iacula dllliJ V^JL^y Aj^^-aII 

Ajj)U^x> 1I Jaj^jjoJI d i Vi AjjC.j-<JI ^jqVill A_iIIjl3 (_£Jjj ^jII dlLaJ^^ dllj ^j-Lptj i^y I 
Ajj-uLLc 6^)jlx-o ^)J^]all AjLxII . J^x^raLall (JLo.»lL l .nV 1 ^3 

^3LLI protease ^ 3 ^ tillLa . j JLisdjoiVL ^ *i» <<*11 

IdiC- dlVi-oj LoJ^l cAdaiVLo dll_a.^p ^Ic- c QihVl l\ j-q £-<j ^l.lada3U 

to ^JJ 5 (J;1J ^ jljd Sjl^)a. dlLajJ lie . J cAjjls dlV _^Vi]l (j-o IjdJ^ 

i* vs ill) A_LjC< (jU t^LlLj .diUlVixill 3)-° diLldal J ja. Jjj tAjjlo diLajJ 

Aj jLJI AjoloSVI (jc- (JJJ j jJI aIIjj) (JOU3J 6 ^)jlx-o c t lUVij J3 ^j^VI 13b (Jj-o 

Jja . yj ^Jlxll pH ^ \)> J ^3^)llj t A k^ik^ \ a\\ S^I^s^JI diLa^p (j-o Ale. lg_j 

Adlc. ^ajJaJ tLadj-d . (JjjoJlII S^)jJ 3>0 *^3^ L^*^ 0 AjjLaftll dll qJVm\1 

Lo ^ a^^Vum^II dil jjVI 

cdldl^ll (j-G dllc. J)<o> -QJ fijlC' ^3^^^ dltS^jd J-aV.vd.1 ^ijJI CLilc . • 

.A^nllj ^IdJI c** ns. (3^ A^-^Id (j£Lo! (j-o l^-xj^^i i£_J^ (3^11 A-j^)g >^ll 

Ails tAarjihll ^ 1 yy j-<JI J ^ diLJlxill A3jjt-«J I <-_>/ >n^y/ 4 **>0 ii'i • 

Ja j^joi (j (J-ojdaLi c‘* ns . (^j 3 J (j-oLdo ^Ic. ^Jt-uJall ladV I I Aj-o (_^-iJaJ 

pH ^ \)> j^)'\)$ II ^3 j 2! j d^l^JI A_^.^jj cdiLidL-oll A_i^.lj 3)-° jiuxq ^ j3 

c_lL-adVI A_nSJ 3)-o-dajj Ji3 . A_i^)g “s^ll d \\ nl ^11 Ahx L <j'ix^a yzi Jyi^ 

ilia) CjHHII (jx ^-ai^-aj AjjlSijVI ^jl j^ll ai& (inoculating) 
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(jc. a! ^jjoiaSI CjUjIHI j aJjLuill A-iSlxill (j-a ^4^.' ill j t^Aj^iSI A nr- 

.4_iSlxi]l a^A diLoj^^l 

c“i*\ n Lq ^A 4_ilc. Lq ^jj" 4-C-l tA^all ^9 £jl»uj (Jj-o -1i4j l a^juLc^JI 4 \ ii'f • 

jUjV ^^-ujLujI ^)-<il ^A 4_1 j>jjL1g dll^jlx-a (JLa*I1ujIj villil 6"4jc« 

gjLaIIj <4jj j 4i^)x-o ^ ilWn I^Aj . 4 jui^all djLaJ^VI (J^ (JjJaSVI 
(j-ajj ^ n^k ^9^)11 j (Jc.li!il! ^)jjlx-<a j 4_iljVI 

.^j^j^ll 1 (JjJaa-o ^A Lqj ^Jc«lij]l 

^J-C 4x.^ILq CjIc. jxi-\xi dlLaJ^jV! J’tij] *lljJ • <■ "ll ij-y tl 4 -}Lu£c • 

cDNA DNA II cjLjj£-q jI/j &3^W^I DNA SI dsLaia 

5> > 

c" i\ n^olt ai& ^ aJIIaaII d '1 n-s II Lo a Ac- .4-ijg -s.n dilijl£ (j* 4il_^-a]l 

Surrogate host microorganisms <1^ a-jj^-o cAA\A 
‘ Saccharomyces cereviciae s jg*ASl£) W* s-ie.^1 <4^ 

dllj c5j^ ^ ((Escherichia coli ^j^V' -ShAs^' 3jd£JI j 
4_iaj^NI 43lxill dltWi ( _ s ^l lilh (jc. ISaj 5J j Vi alt <ViUll diliulSJI 
( Expression jjjxjII aSj&* lS mc U J] ajIuJI £-^jj J Ad&ll 

.cloning) 

(jls (“LjjjJj ■Aijiaj ciu^jiJ JLa. ^ : diLiLnll £-*?■ j ‘ <• "'If’jjj j ‘■iAuVI • 

j)hm AiLoi <a^o Jidj S.ii^"\ a dlLaJ^V ^33“®^ (3° ( ~- 1 ' '1* H 1 iVt “Ih^A 

(JjL^aSVI .liSLull (jla lilli] .^gjdJI 1 trVl AdbjC. ^4-al ^g'ni V jlj£j A 0 
( _ '"s >« i dl\j ^I.^Vnulj _jA 3^*^^ tl>^ 

*idi' J A 3 dl_ii ^jjtjxxs -ijijj j JjIjjjJI (j>i a J.w a 4 *\V 
a.Vq» ^ djl I-S ^t'l-s'inilj 1 g hl-\“ij Cllilull “^LdaVlj (•dwjj-a 

. ( JjolC- (Jj^aaall 

jl tA in-s (j>s DNA II dll n& “Ihjc- (j^-aJ '.AjIj^J^JI Hj^xJI • 

dlXoll di JllAiJ <UU 3' -s ^ill (j <a d ll 1JC jl (“Uj^x-a dlLijl£ 
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(J&lij JLa (."ijYq'i ^I.Wnulj iiSJj j ta-i-ia-a CjLaJ_yV j. A bb 4-i.lij jbifi jjj 

—SI <j^i J Polymerase chain reaction (PCR) JAb . l l jl j^J Jl 
.aAA J l CjI jjUJI jf- Jalaw JAb tDNA hybridization 



J-IS1I 



L_ljj jll j J AS : AjjUZ. tl AjjLc jlx^aJI j ^ j n_-\ tl aJIulLui 



•lijoll <JLa£dJ Jc. (JS ^3 Lo£ t j Jabl j LijjjAll ^ya a jnJ 

liA'S ; y HJa 1 Jl j tAbill oJjlbj CLlAuIuuII oLa iha ^ . J-La 

(J.iiLbSH dlljlA JLoJ . IgUsAl Jill Cbl£ Jill I g“Jl.a J jaJ CbLa J*_a£ 
Jjja jjft oAlAsv ClLojJ l—sLiAV Jc. S-iJjJ (jl ^^aj'nJI 

Cil&Uaa J& jl/j <LU=uJI cblijl J& i_j Jill i_j j»uK SI cbULuia. JViml 

. lg_l dtiiaJI fijiA ji-ulj dljjjjjJI ^ 4_ilc.lill 

AJjVI aAjjxJIj l*ag jlc. ^iJax-sal 6 jjjjJa aJjjxJI (JLAjjULq ^ajaiaj La IJlc. 

(j-a Ajujjoj 4_1j^. ls - ^ itjjc// lS 3 ^ ^ 1 .(2.20 (J^xull) AjjjIjJI 4_LjxJI J 

jjc- lillj (jc. i_j Jixoll jajjjVI ^Liil Jc. a jlall CbLulSLlI j Ji CLua. J ■ -.aV I 
iA J»ll 4_Jbll (J CblblSLlI t-AL/i Jbia.1 ajlrsll eA jJ a-ilc. (_5j3kJ LaSi .a jllll 
^ 4-j jjjLUl aJjjjUI ^3 Lai . jl y-JJJ t A Lijun ibjljjl*-o ^1 W'~n.iL 

AaiSJ a-L-aSl 4 _iLoC. Jl jjl j jit <ia.j-o J l&jLiiiJ J Jill CjLuIAI 

- > 

AjjoiIS jljjdl L_fljjJa i** 1 V! 4_LajjjaJI dLajjjVl j.nVi i jjlall I^A .<-QjLu:aj 

# > 

i J u CajjL o^jAjuq CljljjV i f\±±luL cilljij t J yiisJh (JLoxILujVIj ^\»Vi 

^oL&j QXiK^i Jjjikj clu^. l-ll^. e-tal Cjl-AJ^jVI Ajijj ^JJ U Ullc. 

.(jjuoC- ^ ^j-c 6 jjt t/ixi 

S * s 

Jj.ix-i.ll J 4-^joija]I CjL<ij jjVI (J-JaaV J^2iJ ^j] 1 CjliiaJ! <j jl£ SjIc. (J jaA 

CjLloS cJ^l Cy* JJ .1**1 11 (Hosts) ^ ^u>ax> j-o j cJ^l^ 1 $ 1C. 

dll m \ jjj j]l ^jjjj cdlj ^ LoJ o jjj-saJ !g q,u-ajj j diLoJ jj^l 

&J1A (j-c ^^jjjjj . Ajqjij^ll (J-axJI t— jjjia ^**1^*1 6 jlil?J J^l j-c ^ajjjVI j-Q 

^JaJU Lo>a - 4 ^ jK'^H dlll^ll (J-olSJl ij ^Jjoiluull Jb-ld jau t Aj.l^ax 11 
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I g d^gl 6.1Wx>\t c_ajl_ia^l! j $\ 4_xu3 CIjLq^Ix^q 

<j\i ^ jjj jj <jc.^1I (JL^. l^ijjlLc j 

^ oliL aboil ClsLa_jijuail (J^lijjail (jjjjla (jft £_ajjoi j£LuU CllLliaJI o iiA 4j _j]£ 

Vj <jl j di jiVi , W'».l djljjlLall ^jldbl DNA ^ aIuiLjo 

l&jliii.l djLaJ^jb (jjljjJI .lljjj !i] VJ <LajS^a CllLaJ^pVI “UjjE. 

^r'Vla'I (jjUjJ! ^jlun (j-ajJaJ La-a tag’ll ^ I jWl ^ Igjljl p nSU ^aAjjAj 

.^g'll-sl-sl i. 1ml ull 



4jluL 3I £>ij qjs 




qa Aiajjj) dL j£- <Ujjfr M_ila*J 4daLuJI 4jaaJl jja^aj ^jjLiuul kli4 4 :2-20 JSaaJI 
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jrliSy! jjll 2.2.20 



Genetic engineering of production strains 



aLIs dil 4,-vljjl (jj^J (jl t - ; 4jl VI 4 La L 4 V 

^Lijl 4 _j jUaxll (jx (jLiaVI (jdau ^gia . 4 _Jlc. a jlaj < 2 kjAjj LljLdial (jjajjadll 
JjJaSlj ^Vl jA^axll jjx ^ ^j]| tills jjx a^a i alia 1 dLixSj 



dl£jxi djjia 4 iillil - 4 ,f dULSill jalddul jA <■"'! i w"i\I a^A jLa 4 ^aJ jxl 
4jjj 11 Ais-dollj 4jxVl 4 .'L'.. 1 *'’ " 4‘a^yxiJlj jjx £-1 _jjl ad- ClsLaj^jVI 

^aJJ tillij j . ^aj^jVI (jx Clsl£^)xa]l aiA ClsLdix £_iitxaj (jC. 4 _l j da <Jxxj ^liil 

j£xj i .** 1 '-v ' Jj| jxJI ai^J 4 jjI j j]| aiLxll A) AW ^ ,ajjjl ^il jxjj (_£iil yxdl Jldil 
4 A ,-i V 1 CliLs j£Lall .wl dil£ L LaS Lg.'sx^ jg j l^adj . j a"'.-^ JfLd 1 * jlr- Jjlw'l 
dLsllxS 4 gl (jx IxlxLs Ell A. dxail LA All j)j£g (jl j jxAl <jx .^IgjVI 4 A I 
4 -iijx (JjSj (jl j)SxJ ^^gll 4 jlgjgj^jll Clllxg_jjl Altai (Jjx 4 4 gjC.jx jgc. 4 _ujA 
ClALsAxg Jjj.^ 1 % *■ . 'I W’n 4 _sxj^jVI A-ijLjilJI j/j Eillaill Aul£ lilj -4 WnEI dlxjjgVJ 
diAlI i-sIV'.n; dlxJ^jVI aigl ^Lijl <- lid _jLu^l ^11 Asu Lo 




^aJ^jVI 1 <^11 L^Ilil <g_jLaui A k<~k\\ (jj£j <■“ n*\ J (JJJ j^) 2 l 

ClAjjl^ll ^jj-ui^Jj ^)J_^laJ .ail 4_2k.tijj ^j-L-sa-o grVl>o\l 



iS^ (j-a tillj j CjI jIuj ^gAc. (jLlaill AjuojI jll jj^VAl ClaLiLoc. ^ 

; # 

cjUjI£ 1I ^il \ jl*a . i j±i\^±^\ j^LiLjjVI j ^iiAaill 

dl±ujj£l 20 (j-o A-iC-ljj-a c** iljlxkC. tdjLcjJ)jVI 

.AjLIjjII 4 m.Vtg 11 Claljjlj ^ia^IiII ^ ^.^Vntn ^-aII Cj\£ j^\ 



Ja-uj^ll A-iC-\ n^nll ^j-o 






JJU o jliiis-xAl 4 qj 4 >.^\1 CjUj1£1I o Aa 



£-A CilLaJ^jV 1 ^L^,j!LujVI <AZa\ L<ua tAiAa dilg.lmxj 

Iaj_jIj A qn^iall Cllljjl^ll cA^llLol 1 ^. ^-a 1 ! (J-g 4 1 ^ 1^.1 ,A^j) % )I Aj&h dj\ jlac. Ja^ 



XllC CljLcj^jVi Clal y\'\A ^»j>n ,0 J 4.. \x.j±.y. tALiA j .(>VI ^IddxVI 

Assosiation of Manufacturers and Formulators of Enzyme Products 
f-laiil dbLiJ ^ dd AAia ^ j (AMEEP), www.amfep.org 
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Cllli 4 n nil <La^LoJlj A x«oll S«lpC> ^..jjJal j-aj Al± ^A l^liJ 

. CjLuj^V I 'V. 1 ' 11 -^" 1 .' 

Sjlc 4juuX«]l ujlllim 3.2.20 

Commonly used host organisms 

j. *1 i <~t a i^g I j ti <ii/i 4jt_)llj]| CllLaJ^jVI (jC- (_5^ Cf &J-^ (j) 

dlLaJ^VI IAj3jJ AjU» 1I dlljl^aVI (jpUal (Jal ^ja ^jujLuj! ^)-qI ^A j\£ 

^LuJ dll£^)ji L ala Jj 6(J11 a1! .Iixj 11a ^jIj l^iljjc.1 £a J .<cAlu*a.l.\ 

. (j-G A-ilUl C— al g. Ua* 11 ^jc. 1 g L.Vul S«2.1*lLa A hu^iA CjIjjI£ CljLaJ_^jVl 

JjJa3l ^Ic. (J j)j^a.^k,ll ^JJ La <jl ^A L-LojLIaII L_fljjJa-all ^jLmk V *LaLc- fiJlC-lSSj 
^ajjjVl (^Ll! JjISJL LiS^)C. (Jj^aTbo L fij.x>i < a jliik! (j^ 

£ja L QJ x^a^a ^Jajoal^J ^j^fLa 4j^)J^qll ClaLaJ^jiU (J.x^a^l (jj AjlIx^Jj 

i^a L luj~iA A (j^fLa A-j^.n^.ill ClaLoJ^j^U ^Liaj JjJaSlj CliV^Lai 

(j^ 4 jjjj 5 L) ^.iVwin ijalc- JiA, .( 1.20 Jj^JI jkal) ikJ&A 

j> s 

CllLaJ_)jl JiLs 4_lliJI ^jli. f ■ I ~' 1 4 jjJ-»SLj CllL&jjjl ^lliV BciCillllS (JjU 2 >. 

X 

Streptomyces 4juIj ^1 jjl Jii^j jja. t _pL*Vl diLajjjl j jlij jj 2I 
‘ Glucose isomerise jj£ jlill jlj^ jjJ fj jjl ^Hil 3J <> ^Li Jli 

^•l_jjl (_j>s ojill t—jljji ^lUjV ' jg a j»jjjl j&j 

(jn>ii-s\l 4jtjtj]l Ajjjaall CjLaJ_^jVI Ai4^=ualt j_jjaalt 

CjUjIow jl jaj ^jic. U^jjLo L_jiuu dltaj iTrichodermajAspergillus 

l_£ I ^1 ,'i^>"n>iV I (Jj jlalt ' 1 jlj ^11 AjljJa! CllLaJ^jV I ^ya “Cillc. 

'Ckjjli: (JjaJI iFusarium venenatum ja l5j^ ^ jj >kj liL^a. 

>( _^jiia]l L&h g’naVI ^3 ^^>111 (jc. ^ya (Jjjialt 

# f Jl 

iSaccharomyces cervisiae ^1») s j^2' ^'jj' c>=«j 

t> (3' Sjjjjj jlj 3-' <> ( Kluyveromyces lactis 

. A iIij’nII jjlaaltj Ljj;"^ ill 
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Expression vectors 



Ajjjjsuil 4.2.20 



(Jalill ^>3jJ (jlj liiljfi ^LiN ^-aAla Aqji><a aALui __>3jJ Jl AsLaal 

(Jsl _^j]l .->5-)» -a (jj . ^lia A VVla AjNau j^lc- J i_ij|U-».a (j.»i*s oil \x'\W 

5 g -s a3 Cjl.lla_pLj (ja DNA elj^l jl tClll.l}ajNj l"l' n-s 55 

.M l** n^fc (j-a . a A-lalLa ^CjoUJ jl aA^lj 4-^uUJ Loj L ^j-oAa 

c> ja j) selection marker Vti&jl J JSU1I 

* 

^jLjjLi CIdjojISj Jal 4^11 J L 3-jjJa^aII Ajl^k ^ax-a 3I JsLill (JL^.jj 

Jjl£j ^JJJ (JS! jjl! <1L^. <j.ijA. <aialQ j tU jC.^21 

E. Coll. AjSj^jjoiVI IjJ-uij (Jj-q JaAjaij jl JjAj c. QJaAi^ (J^ljl! 

jJ IjjS promoter L Cn.>)-s a a3A ^jjaJI j mMt Ac. ja'N a . .A' 
(Transcriptional (^Jals) ^^laj jlii-al' ^jAM J] >jL ^1 
A-A J! jiiS JSAj ^ jiuCili Jalill AalUi jj*jj .(3.20 JSjill) terminator) 
t (_pajJai-al! -laatall (JjLjqII JNi. ^ja A VVuiil mRNA (J_jjai^)]l RNA 51 

.1 <nJi.a\l LAUa j 



^J| ^Jaj ^jj (jja. <_Jj5j (_£a 1I t_g^).},a.'lll Jalilt £ja^j J A'Xj fjx i.j 

jaii ajLuJI a A .{Transformation) Jj^iil aA^ l3^j2> Cf- AixCa2l aALJI 

(ja (JsljlS a-lsia Lgjl _j3a. 3 * ^ \ laaj^jl jl LijLiajS Lai i a J L '**a5l lALi. AsJlxa 

(^a-Lajp) \'A-~."n ' pt A U ^.<u.aJ t^_g j.ual'5l (JSljll J ' j 'J ‘ ' A*J . DNA 51 

JSU5I <-'5a ^ LALiJI jail iais ^axal ^laijl jaj U.„j ^jc. ^.->a jj ^aJ l^jl 



jliii.1 (jSaJ ijjjc. - jan.,^1 j"'l £j]| LgJ L>ajJ ~'l a'i'VI A_aaal j £-a ^ j.i.i«.L5l 

.L_>jalL5l jajjjV' ^Lij] AaCiUll (Transformants) eA/ j^l»3! c21j Sj^La 

(ja (^)aaC- ^jLi5l 3 L ^*a\l ^jiijl) a^aia-aa ^^)5^)a ^3 (^3^)3 [JS .'.■j CjV ^^ iail 

^ij .^caiail Cllla-Uac- (jalij Clip, J^axjll (ja (_5jiuiall dllj CllVNaall 

. f 

^LiSLjal tilLiA ^jl VI Clil^LiaC. ^jjjLujI ^^Ic- CliV ^aJ5J 

# 5J j V mII Ij^Lkil ^^)AUa]l (J£joJIS lA-lkl 1 >>»ji (j^4 
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(jtaxj (jk ^jLui J£u u 4 a „a 4jjIaSj AjjjjSj ^IjJI JjIjc : 1 .20 JjJaJI 

(l^VbixlojI) l^jliuiajj AjAjjiVI 






4. c- lluall /jjjjlaill 


AjJUil) 

iwjj&l 


Bacillus £-1 jjl 


Bacillus subtilis 


1 




Aspegillus j-ljjl 


Aspergillus oryzae, 
A. niger 


j 


(c£ 


Bacillus £-1 jjl 

j 

Thennoactinomyces 


Bacillus 

amyloliquefaciens 

licheniformis 

subtilis 


frLSull 


_pLj 


Trichoderma, pi jjl 
Aspergillus, 
Humicola, 
Thielavia j 


Trichoderma reecei, 
T. longibrachiatum 






Aspergillus pljjl 
niger, 
j Streptomyces 
Actinoplanes 


Aspergillus niger, A. 
Aw am or i 

Sterptomyces lividans, 
S. Murinus, S. 
rubiginosus 


*LSil! 

v j! c- IjuliII 

^Ic. Sjj 

( j 


jj£jlc. 


Thermomyces, pi jjl 
Candida, Fusarium 
Rhizomucor j 


Aspergillus oiyzae, A. 
niger 


l” \\ Q* ^ c 

tL nlaJI 
Cli j 


jUll 


Bacillus f ji 


Bacillus licheniformis 


a£I jill 

c jLiaiJIj 


■ " 'l'^ jill jU 

Pectate 

lyase 


Aspergillus pljjl 


t'J 

Aspergillus < 
Penicillium j 

Trichoderma 


a£I jill 

t jLja^JI j 
CllLl 


JAxILq 

jlbjjjjiSVlill 


Aspergillus pi jjl 


Aspergillus Oryzae , 
A. niger 


a£I jill 

c j 


£jj£_Llil jljlujl 
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Aspergillus, £-1 jjl 
Thermomyces 
peniophora j 


Aspergillus Oryzae , 
A. niger 


CAj! c ‘air. 


jllAall 


Bacillus j-ljjl 


Bacillus subtilis, B. 
Licheniformis, B. 
clausii 




jljj 

(tfjB) 


- (Ja « 11 dAl. 

<Mucor 
j Rhizomucor 
Ciyphonectria 


Aspergillus Oryzae , 
A. Niger, A. awamori 


L nl-N. L ** \\ Q~‘\ ,**' 

- iilaJl 


jLjj j^dll 


Bacillus pi jjl 


Bacillus subtilis, B. 
Licheniformis 


aUill 




Actinomadura, pi jjl 
Trichoderma 
Bacillus j 


Aspergillus niger, 
Bacillus subtilis, B. 
Licheniformis, 
Trichoderm reesei 


Jjjjll A nyc 
uLftsV 1 ^ i 


j-4yj£ 

ar“^) 
( jV jjla ■ ■' 







ufaAa^ « AjS » 'A* i „j a.r-1 cjLujj^l “Labdl JiUJI AjL :3-20 j£44l 

flalil J^i £y» flalilU Jjli Ot^J ^ud Aj^jj] ^UjVI * jjjioA iy» j^iLa 

. ^Jjjxdl Jsldl ,_;jb AljVull LilaJI 

^jh\ jtUJV 4JL^| CiV!5luJ) 5.2.20 
Improved enzyme production strains 

' ■" ■" (j_j5Liau tAajLaull Ojsill ^3 ^jJaj La£ (JlLaVl jiAl LaAic. 

(jc. “U^Lau ^ a" il.4-a.r-al j^s j ^aJ^VI ^bjl jW*-a]l ;j J 
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A_iLa*JI oAA . J ^lc- AjSdx^l^Sl jjqW'ill L-IiILojI J^nWt 

Jju .4-0 j'n^ ^3 AjjIjjIiC- Clil jjju dll .1^,1 djL^Jlx-o (Jj Vm\1 

^\ jl c^UajJI ^ Sijj ^i!l cilia (jc- V'i*\ J &j3Ua]l l_£)Lk]l ^ AW <o A Ijm^s aAj^C. 

.LujLujI CllV jVWlI A_L^c. L^-i3 ^ill Aaj^Jall (jjjiij cilli j A uaxi dllL^a 

(J£joiJ ^aJ^jVI A-p' xWW (jw)^kj AjV L_J J-ol A..lluA^a ^tij] CllV^LoJ jl£lJ (jj 
A qKlli gr3 >l|<ft " LS^ <-&* Ail£ ^ixJ Lo ^ic-l ^0^^ £■ \ llC- 1 ^aLc> 

cilli (Jj 3 IfrlaK ClijlS a-la.^. ClillniaJ ^ A-oI^j-ujLj ^axuj <j! (j£-aj ^ajJpVI ^tidV JSVI 
A_i^.ll3j AiUa ^Jj A^UJI ^ W) ^ajJpVI (j-o pUaxJI cjLaJ) (jl ^Jl AiLjaV^-J .1-1^ AjlSj^o 

C1iI^a^-a]I jj^da Jjka li&j 6 l)^ 

DNA i$ jjii) o^ 42 ^' AJlii) Jj^j 6 . 2.20 
An alternative to DNA technology 

jVJM dLajjjl£ dlijSLdl o.U*ILa 4j).aJ jNt C it Vn.all (JLi, J 

JJC- j^ <jli tdlajjNI j^ .ll.}*JI 4jil*i Je d'~dl f.td -idu dja. jli£&ldlj 

^Jc. (JjwTsll i_J_jjiLdt DNA (_£j_jdt (_paA2>Jl! AjlSj ^Jj jjlt Ldtj (Jg mil 

J-lad sJ-li-a i_id Jc. (_£jd^J jl i j-s \ JlJt dl'dl jL/ is-Uaxll 4_dlc. dVLLui 
1—1C.JJ V jjlljjli dlVl'l-alt 5Jla. J 4jl La£ . dLajjjLM dll iii jjj j* 

j-a i ' it .'Ml -Laic. jjla 1 . _ nmi cdljj 4L_ijjiLdt DNA (_£j_jdl (Juki's I t “Lilaj ^tlVnutj 
(genetically modified organisms Jl jj <ld-dt CitdlUl ^Idedt 

(jjurst (j-a J] A -nI -stl jC.j!i LaAlc-j idVl^Jt aliA ^3 lillil (GMOs)). 

(jj£j J3 dVNjaJt (jiudi ^3 <j.1 ;\?ltt (jli tl_J jjuiLall ^llNt <SNjoi «.IjI 

j!lLijjalVtj J 19 Will iJN^. (3^ 4jAiialSt dV^t-adt ^umVi (Jjt jJal (jj .(JaJt ^ 

JjjoiVt (ja*ll ^>i>3 (j<a ^flxa^/t ^tdt La j ^t,1-s"nut 

Trichoderma reesei >La Jd (> jV jj\N«t t r-tdi 5 {Aspergillus niger) 
‘LLjiu ^dit _jA a u»i~\ -a dL/LLo: •dj^c. jj .(jjl^jUt oL& Sjs AELat L/j 

■Ld jl ('ia ij aIijc- j^ i—dllii Lg_jl ^3 A i»jiLi dl ng. ^ oJjakj- a o-lid- dLaj jjl 

dtjjLt-a ^t. l-s'n . i L o jldkl j£-aj jalia 100000 Jj 10000 adlilj 4<dAVI Jlc. 
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I) 4_aaUlt dljL>-*aVl jlidl ll*J ‘■"u % ‘Ajjjlj <L^)C. Lg-ALj 4-daJj^j AS j jjjj 
50 VliLa) AJ jVl qa Igjlc. Jj^adLall (l_j _ jlia-all jiqAnll lgj9 lilSj 

4Ajlgjil <^9 AjaljjJ ( _ s ic- lj]a jjjuid ^1 (jfr 4 <j>u511 ^jalia 500 Jj 

* % 

i."lljl.a& AljlUill ALjiJI o .all CllljaUall £ya _j» ».*-il Ac. j.a'S -a Jiaj 
oilA (^j^a (JjJaSVI (jj*s li^all _jl jj'O (Jal (j-o tdlij j)-\ s> (^Jluna ^^Jc. 

.Igjlc AlLaVI 4~'iljl.aC. (j .a .llj^l c-l^jaV tllljaUall 

Aajdl ajjJajj (jjjjjJI AajiAoA 7.2.20 

Protein engineering and directed evolution 

dLaJ_AVI d' Vila (_j£L] ^LaVI ' ola! jHall dlajJjVI J5.~>’n 

jjWlll j dLaJ^VI ^Ja.-oll S-lllall (jj^lall A 3-i . >il jJ ^j£^aJ U^J ‘A-1C.1 H<nll 

j_$S\ (jj£j (jl (j£-aJ dl ilA)"i,a (_jl (jjid a " 1 1 JI dLaJ_)jVI (jj.aVi 4AajAil 

^y> Ajjg •s .all dllulSJIj dLajjjVU » ■a'N (J5la jj^ j) jjlll (jjaalAI jjj . (j_jj_^]l 

4 J<J j . 4-lC.l H^l\l (J£lda]l (jxs llajl (_ 5 ^C. 4jJl*JI C-lajl ^ J^'N 

AiJliil 4*‘ '1 oljlaa jjSc. ojllS jjc. (jjSj AaiALJI ^ia. 4(jLiaVI (j^-vt ; ^^9 

4 AALxJI ojl^>aJI dlajl (jj^J 19 4jl La£ .AAidJI Ajjldll dLallVnul 

LJla. Aaldhn.all AillaJI dLljl ,a ;5ll j 4 pH jjjjll A9^>iaLaJI ^ajillj 

aldd (jl (j£ai < _ s j31 A dUlj£U A. luil-la jjc. Ajc. 1 u.nll dll il,a»ll 

(jx Ajli 4 ( jjjj j )Al Ami. ift dLiaiil jilaal 4 4 ; li jj (jjj^jla (jft j Aj| VI .Ac. I n^ill 

4_laill£VI dl j/d all j dLaJ^jVl jails SJ^ 3 . dljj» ..nil ai& jjlal (j5<i-all 

l^allVnal (jfLaJ 4 _ il"i5ll lift A l iq^ll (Jj.^iqll da dUlij Loa9 (jjlatillj 

.IgJ jid dl IJ^vll (Jjdj (JJjJa (jC. kAli j dlajjlVI f-lll dldal_jxi ^juaVil 

Qjy jjAl 8.2.20 

Rational protein design: protein engineering 

jda A m a A iijol ^_ys LaaV ^jllaluVl (Jlli'nnVI A >n.Viti i_jajld 

ll^J sJJaa 4_ijja id l I < 1 15 (_yS lU-aa V- 1 j ■ ^-a ^\l JjAxjII 

olLall old jl 4(JlLaVl ^ n-N ^3 ^}i) jl 4Ajjl^>all idLullA (jJJj^)AI 
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site-directed <*i jdl ^ Ak jdl dULlI ai& ~ v^v.,-' t dLac. .aJ jVt 

d^d* ^l$-a .(jjjjjjii >d ^dl (jAaJI ^ jUr . ^ mutagenesis 

jjjj j^>dl Add jlauVI ^ L » ^ j jd ^IiVuhIj (jLia.VI i. ilfrl 1 " '' '/'J J. 

^ya aj^lila dl m 1 Ajnmll AjtduLM 1 sl^jdl JLaLajl JLLk ^ya ojJjJ 

diLajjjVI Ad jjj AiiLLdl >kq'i ciiLijVI <j^ i— il jd ( _ 5 Jc. Iddc-I j . (jijj^Ji 

d-Ld ^^ill dll llJ j^)JI A_s.dai] adxa Aj^A^ CllLi 2 aa^)J jJjJaJ J*- JJ 

(jaj •U^JJ^ ^ 1 n-aVI (jdLaki/l ^ dYd'n.iVI ^Ijkl ^ dldj^jdl ^ >«dg a 
t-d A^jlda jLuVI AjjLIj Ad dlj dLajjjU La ^aJ^I AjjLi-a (jSkall 

l_ya Lak^l ddj Jjd ^jlL (jc. Idj lillj j tig »^>M i^iS ^d Ad t. ‘iVi-s'i \ g ~l^\j 
^Idduil ^jLaJ tdllj ^dl Aildal .0J4 aaJ! AjUj^a (_jC- Aijjy.uall A J )J aV 1 
A_Lua!_jJ dlljj ^ajJpL/l Add Ai^ta J j (jjd diaa Agddaa dLiadl jllaul 
(_)dLak^l dLLoiid AjjlLal (jdaJ La£ . A njaVt (_gaLaa.VI JjoiLd l ilila^al 

t(_)d*dl 1 g . -n* n A L<nll <Lu j dLaJ_yj^/l (_ja CjUjIc. jad A_ld_uiVI A jnaVI 

(_jdLaki/l dL/Lail < S^)»"lll -Lal& Adi ^ Lin’l (jl tAjjlda Adlaj (jadL^ai. dl j 

. Ad^)iil AjjI^js. Idladdl J Ajjjddl dLajJp^/l A ag a (_jC. Aijjjmall AjnaLH 



Akjkl jjkill j jjdaLli 9.2.20 

Random mutagenesis and directed evolution 

cA _^ddl (Jc-liill cdjc- jaJ j_g"^\ Aj^all ; cdVLdl (ja AjAaJI ^2 

^3 Lai A_a«.LLall ?AC- \\' 1 "} dlij Ax-lddl dLutdil dc- dii ^d (ji d Ajil 
dL gLa L-dj dLjLaiill aid AiluaLad jl ajl ^jdl aLaiaa jl t JlaVI ^ L'S JJ VC " 
AOijLII ^IddaL jajJpVl dadA tdl/Ldl edis ^d dd] .aA_^jdl (dldddl 

dLac. djjJdl ad ^Ld .Direted evolution a^. dl j jWa i ja Id djdll 

^Ic. Jidaj I g '|SI . l _ n dLj J a e.\ a I 'I J cA I''-. SjiLa jjadaJJ l^jl ^ jjW'ill 

(_ S^yy-i cA-ildll ^g3 ■ -all (jjldll (ja Vd a_s _jdl ^ jl nAVI LaS i3da 

(j a ^tad ^.'u^-a (jc. dli j cd-^duidl ^jd^LU __)LLj |_jLll ^^jl^jdc- 
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j^ISj tiilj -Ixj JjoiLu]! jl-ilol ^Ac- g-tia^l (Jdd Jaj^jjoi i** a Va jd^JI 

La S^tc-j A jA'I ^£jl_^.l ^n*‘a i, <J ^aJ t dll .iLajl/lj j-ada S^sUall dlLii^JI 

ciu^. ( Bacillus ^IjjI j1 E. coli Ad jl jail <uS jjdVI LajdSj jl Osj^l jjfL 

Ij^kJ AAjVl.a'1 L£jld3l A_L^)C. cilli ^Jj . jd^Jl j-a 6-l^.l J A \ ml 4_lld (JS (Jj^JjjjJ 

daULij <^Jlx-a jS-aj g-I^VI AJlc. £ jA*-a ^1.^‘utilj cillij A..4.Jj jll jjaidj jc. 

<3.20 s jSill ^ jjSia US (High throughput assay j^j dij ^ $ j±& 

^Aax^a .4 nu^xAl dlUjjjVI jc- S^Jix-aJI UjUJI cilia ^Ac. L_fl^)xlAI ^da I^Sfej 

jjoidj l^-jlc- l^)Aa ^Sll dlUjjjVI j-G VtSj.il j-a 6^.1 j AA_^. ^.ida t jLi^VI 

(jiAijj (.A nn^xAl dlUjjjVI a-l^A ^jjjJ <^Sll C'\\ n>ll J jc» cillil tdfl.iila 

j-a s^^SU c!jI^)j^ jl Ld&.La .AAj^iAl j j-a S^^jSA-a cIjI^j^ I g jU 

dll^)Aia (Jldjl JUU.1 jl Uj j Slj i, Clil ^)iiall ^pSl9 JlSI ^aSI jj ^A] L£4jH 

l. \* x«Oj U IJlc. A^[$ C6j|jl jxuVl ^ill cillj j-a ^)JjSj ^}iSI ^ajjjVI g-lil Ulul JJjJ 

^JJ^AvAI (J^id j-a ^ajjjVI S-lil ^3 jjxuVill j-a Jjjol1a]| ^jIiuiaII ^Aj ^11 

c" il n-s jjj Uadlj jVI jjO^UJI ^^Vu>ij c<Ldax-all £>U c . nVil j ccill!! .Jala ^jl jdxll 
dll^jiU £-a 4 ■N^Via dal n-N ^Ac. iS jAad ^ j\)> diLuda jtSdl (J^.1 jp» 4 Uti^^ll ^aJ jjVI 
^I.^VumIj ^U.jll Ljjjjilj]! I^A .Uqu .S^jila 5 J j 3*-° c " ^ \)> lajljjj da.w j 

jl (4.20 cJSjIII) Z)A^4 shuffling cj 'jj^ <Iji^ Ac . jiLo ciU^j 

DNA SI Jald •L&tdL<JI c * n *' ilil] ^Jt-uUI L^-oUaj ^al^djjjjlj D )J \l ^3 6^)jaiLlxi 

d jj <J jS tilli j cAdj^-0 CliLaJ jjl All Jj j-G j^-^ I^il Ac. JjjJI 

. ^jIjjoixII ^)jiiallSI jpi <xjl!lL<JI djI^jjJlj 5i^)lLc ^sjjjVI j-« ^ Un'sxtll (JlSjiVI AJjoiJ 

^al iikJjaal jS-^J i^axJI l xiaa U A J-a .n^oll CliLAjjjVI j-<i ^htc- Lodc« 

.(4.20 J12JI) family shuffling cf^hJI (<ljLu Jj JJsJL Ui j*j 

jlillj j2i*JI jiqW'ill 4_L-L.il c 5^LI <■** 4 n-sll Jl.\n.,l 4 iVq'ill oi& 

'A j.l->4 ' o v -. t ^_LL*JI JalkLI (j^ja ^3 4jl Ui£ . Li*_nJa sJl 2 vlj!La]l CllLll=2l Jj^aLLoLI 
LujL^j . ■ A’i La A a'_C- j ^_p3x2l 1 g . ,"i Tt \ \ 4 L> M j_a]l dll ~M 11 ^Ic. a jdL_a L—LiutlLI 

L>a JJ^I 4.A..H.1.1 ^gVn Lw ;(%70 L>° ls^"^ Ajui.Vi dldjjjKjjnll (JjoLdj 
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jiLii LJJjoill]! l ")\ ''•>11 (jV lilljj CjljjjaiLa]! 

(_jji aj ^ — 4^. _^all jjkill J — (jjjjjajll til£ ji.'i'snu'i tLilulaJ .“Ulx3 

.2.20 La£ i C '1 1 y^J ' (jjmV' (_j-a 



(jjjjji!! 4 life (jc 4_o.U ljI aala ( _ J i& AliLsi : 2 .20 JjJaJI 


CjI Vi«]l 


j iQ Will 4 Q ^ L-> 




4-iC-^j A_i11jl3j 


i'll V'JJ. 1 " 


J2L.VI 


Sjj*-4 o2Uii£l AjjIjj 




J3L.VI 


(JjoJlII 4_i1aC. ^3 £.1^1 


4_^^a 3I ^jj)3*i ill 


jU£UI 


c.1^1 


^jj;3o ill 


jl_ijj^)jl 


d^Lall oL^J aJ^pVI 4_iC. 

Ajjvl 


4-^. j-oll ^jj)3*i ill 


^ ^1 i n ^q\1 


AjjLjj ^ Sjljj 

fcJk^Vl 


jj)-i*ill j ^jjj^^)4]l 4 _uja1a 
4_^,^oll 


jl 




Aj&I luail ljLuJjVI £)," lA ' A * (jjjjjJI ^UjjAjA UjLi&jjIjIuiI :4.20 JS4JI 
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( Lltj^aaout^l Jaluu) jjj-oillj CjULaC- 3.20 

r>^/a jjj[luiA 

Large-scale production, recovery and formulation 

fjjiVl (Novozymes) jpjljjajj 51 jai daaa J920 
tjj-aiall a 3-» . >i ' jj Jj' 4 (Thermozyme) 

(illj -liaj .^mJea ellLojyj^l ^LuV 4 " <a lillij 

£-a i"il Vn,a ts jaJ ji.aVill 4jjjaj jLajiuiVI ^^Ac. CjL&j_pVI j^'iu (_lla 

Cia ^]l ^a . f.l_jjoi _^. ^Ac. (jjllfriiaball j (J£ A \ . ^— « <a\ lilljj ^ jaail ^ iL.n 

i .a -s' At 4 _i1aC. A Aa t tl l jj 4_ic.Lu*ail ClsLajyjL/l ,-> L * a ^Lijl ^-saLvJi 

^ CjVX-o ^ j j ^yajJajj ^lao t _jA j ((Submerged ferementation) 

(_pajl ^aJ . LAAlAI _jaul j»jLUI b i n^]l ^^Ac j'a'i 4jjli»a jja Vl 4.1C. jl 

oA& o ^ ~v Lai ,A=lui^]| ^ ^aJ_pL?l ^c-Ua 3I ^aJJ (LLLiAl (Jja 5j.}i-<AI jl _jaAI 

. i—JJtSLa yLa 1000 i.]**" 1 . 1 <icA n.^11 Cjl^-a-wAI 




. i j & I i-fill jajjjSfl jj blaa » : 5.20 JiLJI 
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Fermentation scheme 



Aa\a^ 1 . 3.20 



(JjA 6 AW*! A A_i]jl jl^A (JA 6. W*Ux)A A_a2XA A_J.1xa jl^A (JA ^jA^llI Ja_uJ J 

(j-G AjjjjLxjjI Aj^Ij c. <a j Li jj S-ilc- J *L2u 

jc-gI ^)J CllV ^ jJ j^)J (_]^g Ja-uijV I Li)*vs a\1 jA j 4 A_x2.}31 . ^jjaViII CIjLi^jj! ^pxu! 

jVI Ajl9.JI AiLiJa] Jjlj t — fll >>n c-^jjo V C* n*s j 4^r jq\Ml ja^j giAuLj 4 _jjaVi\1 

. lIiLjAslaII 

Jl A-a^sca]! AjAslaII aIjaII AiLjal 1 ^j 3 ^aJJ ( j3l 4 6 IAxa3I A_x2a3I .jjaVi A_iLgC.j 
CIAjAxaII LJj >^1*1 <j3l 4 ^)AJjo1a1I ^)JaVi'I A_iLgC.J . L£)Lk]l ^AJ ^)Ja (J^L^. ^)A^a]I 

4 J)1 g Jl J c^IJuuaII Jj^aII (JA AliSljl Jj Lg (_£jLujJ (Ja*_aJ ja^aII (J^Ia A_a£*_a31 
a_i!a*JI Jc. ^j£-Gjj . ^Lijl ^^Lac- J!>Ll jl JjjaVI aJL^. cdlij a. 4'^ a 

AA^l 4 AjVI J] (Jaa lAA JJaill A_l*.U3I (J-g 3 t(j-ajl <ja ALJa ClsIjAJ S^aLaaI! 

Ajji A_Aa*J! dAA ^2 (J^aa Jc.1 J] (J jj-^J 3 J £-iAxul 6A*J 1 jIaC. 

((JaxuJI A_»JajA^. A_^.jA^ ^ \j> JJ^I ^SJI j 4 6jl^)^JI A_^.jA Jsl ja Lilc-1 IVuuIj 

.1 aMA'N L* n>n ^aLJIj (J^AaII (jjjai^£VI 

till jj L£)LaJI aJjS (jC. ^jjVI 4 jaaaaII AjIaC. A*J 

cjj j ^aJL jl ^ jSj-dl ^jiall j t (Flocculation) Aulill j A_kJ jj 

A-iJj A-iiic-l A_Ia-ujljj 6 (_£^^j 4^ajjVI (jA^ VuJ Axj J . tg K (JjLuj^II 

Lg Li3Li2 4 6 LS^ 0 L_3^13aA]l ^jj » n\lj jl 

^)JC- LjJjl^joill AJI jjl Cy* A^U. dal ^ga^l ^J jujV 1 L5^ A-iIa*]! L_aiajJ 

4L_ul ^uJI (j^aL-saA^! jl 4^jli!ijVI LjJJjjjjjI! CjLuSj (jc. I^A Jalj .A-JjC-jaII 

,6jliill Aijli A-iAJ^jl CjIVLia ^lc» J (JA 6 JjL 3I jl 

IjlAj *0^-3^ JaS £)a l_i (J^aoJ ^ja 4 L- al La A 11 ^jL^J 

6.1ij,Sa CjL^jx^I ^LIjLojj <iL^ djl^A^iVuAiA ^ja A^^jja ^jAjJajj «i2 

c> XilS CjlAjjjVI J ^L^Xg l_i^j j .(Immobilised) 

« s > >> > 

^jjll l^3j As . jTull AjC-Ll^all CjLal.^-s'nuVl lAjljlj I^jjjLjj tlgjJljti CLua. 
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4 jjJadiuball ^Igill JdaiJI jl£> l*ag x>j . dLajjjVI &3A l^-l3 ^jJad ^^lill (JldaiVI 

: dl.il3a.ba Aj31j jjid jl l_i^j A-bajjjVI dl VVidl jli 

.Adlj A_ill*i jjd (jl c_l^J • 

^Ia^JjoiVI £-a Hsl jd ^-aJjjVI 11 ^Ljjall Jlill <jj£, juij • 

.<] jILall 

. ^'.1~s"n>i!)U li-al jj£j (jl l _ '-NJ • 



Liquid forms AJUluJI Jl&uftf) 2.3.20 

tllLaJ_)j^l Cllljj. ■^aVd.a A-lC-lu^a.ll dLajjjVI ^jdxj (Jl^a.ft.) 

dll jjJoduiA]l 6 3A dljj^ (Jdjoill Ll^.3 jd . J jl dll aI^joj 1^-jV c^lli j 4 AdLuJI 
j-a dj^JaiLa Jl^Sl ^Ijd La£ . ^jfuaill j ^IaIIj 4 (J j^jjjoliIxII (J!La dlliiLa j 4£.Lall 
(^ill dV j.xai}^ ^3 jda^oll ^^)j^ra. 2 kll ^-aJ^jVI ^cIUaII (J!ba aJjLoJI dldilall 

A_i*-aldj JjJa3l AjjLAj ^xlbaLiiJ l^j^j-a (NoVOZyillCS) j-ajl j^S A ^^jjoi Aj_j^Ja 

.*^1 ci^-VI 



Solid forms 



U^l\ 3.3.20 



j-a dllli Adila jj^Luua (Jdoi ^^Ac- A_Ak-all A_iAi jjVI dl Vnall jj£j La ’die. 
dl ^Jadd-all jC- ^ad-ill J-lxll j] • jbadiba 1 j 0 . 1 (j-lJ ^ jl jll JJa3l dl j dl ^anu^ 
^dj ccillil cA^li^ll CjVU^VI (jiaxJ ^3 A_j L-l^^C- ^)-a ^)JC- 4 (^A^-Loua cJ^d ^le- 
ft 3 j3c. ^I^jl 3 j^,j (JjjAAaII j-a (JjjjI .A^^dl S-liiLaj A j n \ dldij-a j^xda-all ^Jax^Q 

> JS 

^3did 4^Lba3 .Adda Sjjud 3l^a j L_n£l jl j-a 6^,jJan.dl Aj n I'sll dl ^)jJadiui-all ja 
j-a £juj j jlJaj ^3 A-ixdu SjLaJ alJada j (Jd-lll j-a al jba j j_lill A \ i\^ dLaJjai^. 
A nn^ll dl ^jJadjadl j-a (_£^)d Vldoil cALa& jl La£ . dl qh \a\\ jj^Luj-a Ax.1 nn 
uloJ jjVI dl^jjJadd-a jjt/iVi j 4 jdJI A^-Lda (Jj-a (_£^kl d^LaxllujI ^^3 

j^£^l*JI ^>da: (Jj^d ^3 ^Vddl j^S^lxll jl^iA jjjl ^,3^^ ^^>^1 d^lLoll 

^ j)Li>u l^.‘l < S^a. 3d ^dl dLftjjj^l ^aldldl ftjlc-j jdadl j-o . jjli£j^}i]l ^)dai 
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Ig_i3 Laj <aC.IaJI t-Jl jill (j-G AjAxI! ^)3jJJ • lg.lc.lij 0 jl jj (j C. Lg.L^a9 (Jg »nj Lo£ t<Ai-a 
AjAxIIj cA-i^.L^.^31 l_jLi^JIj ; TCSillS 4)^ Yil^jll Alkali 

ciil.ipoj chitosans CjULoi jii£]l j 4 jjjlc-Vlj j ^axaII jjljjli^ll 

tgJaJ^j 4 _i1aC. (Jj3 LajIj-gj£ ^ j»q 1 4_aC-Ia 1I L_lll jill &A& ^■lax.a l . lD*i*n j .(_£^)^V1 

ft^jlx. Sjlujl l" ll jlx>C. SAjLg CjLgJ^DU CjLqI.^UmVI (J-GjoiJ 

iSj ^ j L* 4 ^ -chiral cjL£ jJI J^ij ^jauiil transesterification 

ciaLkL^-JI CjIa (Jj! jjJI <■ . ijjVi CjLgjJpVI granulate c* il jjjjas^j 

j_^l jjLjJI J c^Loll £-g a 1 £jola]| ^aJ^jjVl Clll^las! Lg_l3 ^-gjjjJ ^llll ( 6.20 (J^ Aill^ <J^ixll 

djl^)J>G (j-G <jJaX-G SaLg (j-G (j^-ud-G L_jljjJa ^)JC- Ja^JOillj (_£^)^.l dlli^£-GJ 

<11x3 AAj^jIa ^A C*ll ill's II (jl . ^) 1 lgj 1 _lg 0 . 5 Ia ^> la3 ^Llj < 1 ^J-g dA^n^ 

(j-G c_flL^. j J_ixl! (j-G JLk CjLgj^jVI (JL-ajj (j-G < 1 gI j &Ia^. 

. CA qj \]rt\W jpa Aj Axil ( ^i ^1 A's'nul 




Q^J-uA jx£l 
<1A L3 aP Jij > ft 



JjL-JI Jjii uUIaj 
JWH /^aJjaSIj 4jA*i»Vti 



J QQ-v - i^Vl ni\ 



top-spray granulator ^Sft <> jIgjJ =6.20 JSJJI 

4j iaC- jjaj .uLiuuVI ^a-Jai Cil±ua ^1 ,jAl ilil am aaJl Jjj!uj ^j£j jiJI 

jljj AJolu) jj uLjj^J ‘ tilij Jxj .^ju la ^ jj^jJ JjUjJI ru Jjjjia (jc 4UJa^t 



£)A 
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Application of enzymes CjUjJjVI JUjlLujI 4.20 

j}A A-iC-lix-all djLcJ^jVI 1 g A.Vll ^lill J.lxJ ^jJVlllj 

CjLajjJaill (jA \ *Jax ) 4-lItill dll^all .Ll^lu: Aj^IaiII l^ilVlAxliju]l jLpjl 

4$.I.Ix]l 4 ^ \<j\W (jjjuJI JAj^till AJjojLojVI (jljjaaVI j}A djLajjjV I 

.L-dc-VI (J^J J 

Animal feed enzymes 1.4.20 



\ g x^al x^IaI jl ^aJJ V ^^liJl L_ flvlc-VI Cljlj^S-c j)A JU-latJI cilliA 

4L_alxl] A ajq'I j)A L)i».$ (j^iVn Laa 4 4_ija)lA]l e-lx-al JaI£ J<; xVn 

AjLIS <- ala!! CjIaj^jVI . dAjljjaJI ^aj (jA lJISj 

^ vVia\ ^-LajoJI L^.LaJj I^jjIa^. cIujj! CjIjjI l VlxSl cAajjjI <j] . <a\ x>ag \\ 

CljUai^JI (jdjai^Jj L- flisdl <a.'W‘*Ua)a1I AjIjVI jI^aII (jUaj £-ijajjJJ k-klxJI 

^^klau J g^sIjoa 4_iAJ^pVI CjI ^) x^-a V u.ua 11 (jA £jai! j (jUaj 4^11 jA .6^1 jIaII AjAIxJI 

t 'j^lj>..\lixAjAj^Jl j c Jjl jjLjoJ! j ^Phytic acid <^lijli]l (_paAa. JIa jIja 4-*\j^q*i 



^SUjJI j Agju^ll j£ja!I a" )\ \f\ j^ill j j 4(jl£jI*J! j 

c_flLjaj .(Stachyose) j ^(Raffinose) Jjiial jll j <(Xzylan) 

4 £_A liluj JtA\A JalVv^ jl O^JjuoLla LaI 4 V kiaJI CIjLoj JpV I 

cIjLaj^pVLj lU^' c. i\x\\ Ajjujjj^)!! ^jI jiSI (jl clAiLjaVlj 4 jptxAlIj 

SjllixJ (^\j c, <alx \\ (jA AJj^a'I ^.Uaillj J 4 (jl 11 ^AJ ^jkaj (JauU 

. (j! (JjJaSl <aIc. *Wx*^a J LaIJoj^ J£l 4^L_aixJ! ^ja 



CjIaj^PVI J (jSaj 

S_jjla CliLaJ^jl gjjj V jjjliiJt ^ ^.>1^ II jl [» I ' i i^jtnJall l^jlic. ^1 

* * 

c_ai*JI ^ja Aj^LaJI CljlAJ^jVI AiLxial (J^aj .ClAjLplI u'j- 1 ^ 

0,\)^ J CjU! J)J*\ W (j^AJ V 4^1 ja .4aa ftjliilujVlj 4_x-aL-allAl (jl J)J^ \\ (j^AJ (J£-UJ 



CjLLa^La^La^jA (JjJJja i^jjj j c^Vnlill yaA^ ^kjJo£.*i (jl (ja.1 j^ll^ ^)J jLlaJl£ S^xaII 

‘(Inositol hexakisphosphate 
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jj yi t. aWli phytase jllLll yl jldl jj . L^^ll j ^a (Jila -LI ^Lll dliLiil 
■ii.i*JI ^jjj <jli uiliiUJI j-aA^, hydrolyses AljUy ^jjjVI Id jl t^jVI :jii.Lli 

Adds dldi^sll j^a AjaLdl Ajd, d*^J lillLj i ^ \1 jc, dldu^ill dlc.^a^js ja 
J* ■ dl jjjLlI ja i aiaVill ^Jl (jjjj liljjlill l— jl iAjjljlIj .Lillie. aJlLaS 

. dljl jjdl d jj <^k (_£ jdutll jjiuijill (j^UaJ Anui (jjlll AjjJI ^gk 



Detergent enzymes t iulln.ll dLuji 2.4.20 

£iL]| i—Utud “UljV t 'llhv'i dljdadiusa Ajjidl Ajljdll Ajldll i—liiaJJ 

I jl iVT’l j!i£V I JLutduV I ^jl .1 1 ilVnll La. 1 Vimall ojljdl Li.jJ djld I ag a 

(Jji n».ll ^ (Jm±uU dji. tt LlVClII Jla-a ^ jA dlaJ jj]>U ^ jail (jjVLLVI ^^ic. 
(JaLIj . ajc. 1 u^>ll dl£ jdllj dLau>a]l ^gk t ‘iihVill ^gk la£ t^jdll ^^Idl j 
;^ic- t qj)Vi"ill till jsd Vnna ^gk dlajjjVI ^l.'i-s'iuV Aj.uiL.uV I dl jilt 

. Jjdal t Lh'n Sjia • 

, ^ . d l aj It V' Ca3j • 

^ Ad-s'iuiall ijjljdl dl^.jJ (_paai. jVd ja AjsUal] (Jal dV g'lml • 

. <■ ajlVnll AjlaC. 

. jj£I * IjlVn djlLtS (jj'q Vi (JVd jpa a Lai] (Jal llV g'lml • 

. LjJ 2 . i^Kq ill diila La.l-s'iuiall dlajjjVI jV AjjJI i _g\c- (Jal jjjlj • 
t LlVi'ill ^ dLjLajill ^1.1 -s'u.il (j><jq-s'i JJId ja Ajiiil ^glc. Jal jjjti • 

. did jail Jja 

idLlVI f^gk jV jjljmll dlajjjl jjjli (JVd jps djjiaill A -s ..iiVI lldJ • 

1 1 jd.1 j 

. I .^il J.i JJ^I A l» -s j ^r-lujll jjC- (dJI All jj • 
jV jjl^JI dLajjjl i _g& Lai. 1 -sit >il Jj£V! t 'llliVlII dLajjjl jl 

iLdjL . jdJI dliiic-j tdl.ijnlll j tdl ijij jjll (dj (jill t (Hydrolase) 

.t-iLdll (Jji.d ^gk AiL£j e'lAi.'i-s'nnI ^^lll ^jVI dLajjjVI jLij^jll dLajjjl dulS 
jj jV Jlljuill j i jVdVIj 4 jlllVLI dLajjjl jliijjjll ^1 ^jdjl da tlJli. Lai 
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• JSI 6^)1^)^, C' )\ Jc. (JjJutfJI c-IjjI A t«nl k 4 dal dVkall AilljtS S-lLjJ (JJ 

J^Lk ^)-a l^J AjlixJI ^Jj ASIdaYh A‘yt.A\ s j\ L.Jn.;T,i jV jjlj > nil dLajjl 4(j-ajJ 
(jj .(Jj-uJlaJI J-lJI Ola ^Jc- JalAaJlj Aj-ld ^3 ^aLujj Jill AjjlSjjVI 

-la-ilk ^J Aklujl ^jjjLujI ^Jc. AdlS ^A dlqlVdl AjJkJI dLa^Lxll »li»l*JI 

(^Ul ^juiLuiVI W*i \1 (.j-ajj .A^lik-o dLojjl Axj^jI Jia. jl Aj^Lj jl ^jdl 
d^A (Jxa. dldVwall dlad-o (Jj» 1 xj jl S.H W dLajjl ^)jjaj A_J 

Jjdll dLjaik* jl tdilai-all ^jjjLujI (JLq dlaJai-oll dlj^kol idaj J^l dLajjVI 
*Ujl (JSI dla.J-1 ^l-ladoil jaJ A_a. j!ill <jj .A jJnjJI dLjU£]l j 4^jaJajaill 

. L L-lajj.ll dLajjjl Aild] JJ AaLaJI (j* -llj 4 LjjjI J A_x-alk 4 L_jLnll JajuiC. 

a J 1 I ^j£jj tAj^kjuJI -Ij-lJl] s-La ^al-lklLailj ^j^A-llI j $. Lilli aJIj] (J^jjVI ^j-o3 

j jj£I c-Lo ^1 Jikjjgil -lie. Ajjjjda ddjVI IgkojJ jll AjdaVI AjfljJn.nll 

Starch and fuel jjSJIj f tu^ll 3.4.20 

^A S^)ill j .*LSiII (j-o l^SliUjl ^jkaj ,jll A Jqll d\ Vnall (j-c .li.l*JI tilliA 

f s= 

IS Jjjtjjl j 4^-akSI IgjL 4f.Uij]| <c-lii*a jaASioij IjUujl jiSVI 4 j]jVI SjUI 

JaxJI Jc. L^j^j^Loj ^c. _JI L^Iac-j 4 d^lc.lii]l ^3 JJlx 3 J .UaUaJ! j 4 tapioca 

A_Jl*_xi Ac. Ida ^3 A-ilULo d! jlia. dLaJ^jVI J* Vi dlL-a 4 A-ljLix-^a djja diaj 

Jlli 4^llljVI aULoV AiSldaj dl jLik J jj Ac-ldall ^3 l^-ol -ikkoil ^jj il .^Loiill 

6 Jq^s^ll d^Lc-liill ^3 A-^JikLauill pH ^ \)> J,J'\)^ I' ^S^jll J A_a.j-ll A-l,Viar x>ll 

* # 

(J^Ja 1 ^ J 1^**1 ^^lill (j-o JSI t^jjlllj Agkill dlkid ^Jaau Li^J^jl 

dilc-lijll J^kij 4 cillj Jj Aildal Jjl^ > i 1 g Uk'n jll A xtj.Vqll AaJlx-all 

Aa.^)^ll Jl J jj-a j\\ (_£-ll I^ILI ij A-ljg *mi 1 g jlc. 6 JaiuJI Adlkojj 

dL^J^jVI ^al -ikujjjj S-Laul! A^-ljj-a dd 4 IAA ^Jc. £.\d .^Looll Jj^d (j-0 5 jjC. j-a3I 

.^daLall (jjll (j-o c** lljn’utill ( J ^ ^ J^* A-aJlsdl (Ja.1 Ajc. 1 u^nll 

(j-a A_k-alk ^1 jj) ^A A_i*j J dljUe AJajajI jj LJ£ dVnl jll dU£^<JI J jl dllS j 
-iSl .^dl£JI Ajjl JiLdVI A In * til lika>a l^_a.ldj ^jSj ^1 (Symp) JdaxJI 

^3 A j x mJ J J_^ai A-lraq 1 dLililudll Jjljl ^3 ^ J^Li-ol JiJI ^ 0 ^il ^J^l Jjl J^kij 



A_iaj^1V! 
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jiiJI (j-0 0JJJ ^VHjJ L_1 jLjjI Jjju tilli .1x^3 .4jj|.ixll <C»1 n^ll 

0i.Lft.ii A..^.x>ai jii djjiiii c . \ua\ c^iii j (jjiviii ^ii (jjiviii 

.(J^_ujI dljjL >‘>'iij c^ic-l ajl&j ^UaxJ A \ : 'm“i^\1 



CjLftjjjl aJI*JI S^jI^aJI dla^j ^Ac. s.j < *‘’ Uti<Q " ■ till CjLftjjjl ^jj 

^jl CjLftjjjV I 6 -l^A a\ . ^jJaLftil (j^)^il (j-* 4 jnar Uull (_]j| j\ ^3 I^LjjJ^I ^aJ diLc 

^ ejjJ ^uk! dlftjjjl ijUIifl (j-ft ^lc-1 Gjl^)^. dl > L5^ 



lg-ftl JLadJ C^iij J g.Lauil (j-ft jU ^iL^ail IujVI ^ilc> ^3 

.^aL^ail ^Idil cial n (Jjd) y^il (Jet cookers) ajUjJI dldlJail 
jl j^jjJ ^ ji j* 1973 ^l*il ^ c3^ j^VI ^1-g-il ci' jA^-VIj 



^51 .(Novozymes) j^jjhjj a£j£ JJ ^ <£jrJI dLJI jjSjlill 
^.3 .IjS-ft-c I^)-gI Jj^jail L5^ ^c>l iju^II ^IdVI IAa cJ*-^ 

(j-a S-lpC- (jJJ^-J 'g'l-a/ 1 * <c.11l^3 SjVj Jl (_$jl f ->-s »>> jLaj] 
^ya Jlc. ^jla^o CjI j ^)jL^aC- ^tlil ^^Sc. ^ jSj AjSLi^oVI e-ls^iaH CjLV jJI 




• 4£jjla (liUla * ^lc fLuuU jJV! 4-a-SU ail ^ 4j. .nijfl iJjljiaiJI :7-20 J^uJI 
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^9 'La.'lVnu.dl A..\ m.LiJI 111 JaaJI jjE. “Laic. A a\ 7.20 (JSjuill jg li; 

l"l» r J-i ^ inni jjj tLal.^Vnul J£*7I 4_il J/l elLall j& Bjill fLuaj . f . Lajll lJiL<-a 

A^Jt ajC. J£l tlllij LtiLaj JaLLk A W-s Vjl 4. 1> 1 4 A ilj.l'sll J ll~s‘l.all JJC. 

JJal - lAll ^ajjjl 4^L-bj (J- 0 jLJL C-Lalll (jji-uUJ lilli Jlj . ^^ajjj^l H 

.4jlij t."ll-\l J J jl CjLLLLLj el jj-a (jlal j^.1 till j tliLlc-LLa Jl Ujl^k. tlutjll 
((X- 1 ,4-^jAi jjSLLlill - 4, 1 — lill iajl jj Jij JLd-lall ^jjl j l&iic. 

Jj cjjj Lw 4ia. jj] vil]ju UiaiL^ tg; -aLJI *Liall J glycosidic bonds) 
Jjki CjliUc ^ij jl jLajj i(Maltodextrins) dlii jia&i jllall jjj^l 

tlllaJI (jja3 J)Jal lallj 4 JJd jjfjlill tllLajjjl ijLlal j) C- ‘Laawll (j^}i.l 

jJaLII (j^a .^c.jjlo jjL^ic. Jc. J j . ^i^l l Jl (Pullulanase) jliV ^Jj 

j'j^jJw' jjjdl fjjl flli^L jj£J Jl jjjdl (j-'jjj) £ jl^aJJ (J 

lilli j 4<ll,1/u,il Jl3 <Jlai .llLall jajjVI lail 4tliJI JJJ-a £-g .lii^pjl ljij.aH 

. AjjI l!ij I JUill (j^ %15 — 10 Jl AjJlstS (j^iS-Nn Lalic. allc. 

4lj3j£i <lLa*!iu)V a Lilli jpa J ^jjllilVI ^Lll ^3 Llxll tllLajjjVI hi 
4 JLaxll ei& ^J .ale. Jl al-laLLall lHUall jjl ASIA Jj£l -1^1 (Jj-Oj 
J Ja ^jC, J jjIjj] J] Axj J j t jj£ j\L Jl c-Laull (JjIaj J 

Jljjj Ajjd Jl^j (j-G JjSjl (J^jlibVI ^tijJ .6 JJa'v'lj 6JJ-<dj 

I (J^> xVlj V JjSjll . JjVlj C^LA^II J oAhlo Jll^o ^3 

c“n^ Jjl^.1 L-kJaj| <5ljl^.l <j] Jj 6L_i*ja^i <5Unl] I^>1 ^j-o 

cil£.aiU j^a t(Ja^ aSIjo^I <^1^1 AjjjJI diljlxjjVI (jj 

Jjj^JI (jA\La c^jJjjliJI dJj^aII <al oJLaII ^jC- 

Ujj^j L-Liu£l Aj jL SjU ^-a j (MTBE) Methyl tertiary butyl 

.aJUtll dJUJlC' pl^^.1 ^ L_J JjoiII ^Lc ^ 

dil jlaill ^Ja . ^ ks\a da j ^1 ^jo ^Jc-I jll cJ^^j s-^-tlall ^jj 

J^l AjSj^jqVI Ailiall 6jl jj dLaJ^jVI dl^jjai djjLu tajj^VI A ljU.ll 
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( jV jaLjoUai^JIj jV dLajjjl (jic. <Lajla) 6-li.la. 4_iAjjjl CjLuSj jjjiaj 

£ jLLj j 4 jjVI (_)ii3 (JlLo dlalda 3-° Jj3j]| (J jjljjl ^Ljjj 3- 0 L)^" 0 " 1 

V] 4^jJI 4jj2aLail 4 _iSjLM SjLa]l j& c- LJaJI jjl (j;^ ^^-3 j .'ijL]l ^Jl j3 j tL-botaJI 
jj£L? I 3 j.An» II ^jaj]jj]I j&j ~j^ jjj»»ill ^glc. (j j ^_1 * >i i_JalLai-a]l ^9 j^jj^ (jl 

2ll jfi j f. Luiill 3 *° (jHuLall j jS jlaJI j)Vn . (_pa jV t ^ L> m ^glc. I j3 jj 

^jnXi (j^.1 ^_ya ^gj jjiLI (J.^ Juana ^gliSI 4 _JjLM ojLall 4jl ^Ic- j jl jjlbaJI 

^gj]! 4 iKq’na.all 4l.iL!ai.a.Il J^ic. jjllal J&I .JjaiLa-all dl jjaul jj j 4jjj2a*JI dlllj^JI 
3« dLjjLuSJI J 4ijUa]lj 4 4 j3jll jJj** 1 ^ J s-Lii]! (Jjjd dll n?i jJJ £»a^J 

ajjjsJI alijuaa]l ^ j^ia j] .biorefineries j-iL^a ^ a.)<’\\ LLta i 

0jjj ^iil 4 Llll^. 4jjj*»a]l (JjjLJI • .n ^ajgjLa] 4jL2a ^ 3 jj^. JJjfils aj' 431 - 0 ) 

. (Jjjjfll 3'° dl VVl^ll j Jj3j]I 3*° oJJlada l&ljjl 

Wine and beverages dbjjJiAllj imll 4 . 4.20 

pectinesarase 3/^Ji jljLJ ^LJ JfLd (3 daj dLajjjl i_u*JI ^Uiaj 
aJ\S jjt (jj£i La Ul& ^j 4 polygalactumase jLjjjjj<iVl& JjJ'j 

o2a*-alt CjLjSuLil dljjJc. 33 1.1a. 4 a ;» . >1 I&jjjIj (jl La£i t^jn^JI llj^> (J iWiI 
luall -Cc. Ljj-a < _ S JJ jLmSoll dLajjjl Jlijl -l2aj lilli] .3 jiiJSI jl-laJI ^gi £.1 ji. jxJI 
(JjliJI 4.JC. jj dLajjjl jJjJaJ (jli 4 ( _g_dLa]l (jja]l dl 11J» In ^ 

.Aj^.ljj'JI A )\a*\\ 4jj^a 'ijLjj 2nill (jnnVil “daji]l 2mlt ^ » iL ^iaJ 

t . / 

(Jld (J^.^ 4^Jl*^a^ jxill 4jLaC. ?.ljj| dLaJ^jVI dl jinLlma 

(3 s 'dlLt-a^ Ajdajll 4i:k^a (_^3j ij!“ 11 4 g ^ ill dljSj^j 4 3_J^^ 3° 4^ 

4 3 nil 4^£j (jLLLl ^gic. JlC-LoiJ Lw ^jdaill^ ^'Lj'JIj l_Ujjj]I 4jLaC. (Ji.1 

;4 >>j.VijJJ 4-al j3 3 jl j3j 

3 ^-aJ . 4 ^ii] 4 ilLJ 4 " ll JaII ^gi IAjjjLL jl 2 j j j^jLlaJI dLaJ^I 4 — SJ*J • 

£-ljj| 3 1 jl Muscat ^giLax^l 4 J1»l l 4^£j 3x1 jj*J 3I dLaJ^VI 
.<1=2^ terpenes 42jLiijjj ^gic 3jLd 4^jLLa l * 
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(Ja.1 (j-a IjJJj jliiiSLlI CllL&jjjl (jaa dUaii. ^aJ 

(jjj J-iLuLII Jc-laill (JUd (j m .Ijlill (J£jdiil ^^liil Liil_j^)iJI jl^all 
da 0111 Lax i jxVill A iLe. (_p Li l_U*J! dliiiSjj oj lx's II dlil£jl& 
jjoiJ La£ . ^ji<a*\MI -1*J dal j3 jjl jJj <aduj!ij t ilj lill didali ^2 (jmVl 
(jjj ^LLII L>°j lS^J kllilj t,\ni\l dLaC. ^j-ajJ^L/l Lill^H lilA 

.^-Jjuil dadalll 4 jlxe. J* 'Njj t (jl'i^ ll' J (jlS _J^*jl 
i—iiatil <jx didll dii]l daJlxxl jlil£ j\c.~ linll (jx dl ja>aVhn.a ^.iViuM 

I La ^.k. (31k) .Botrytis cinerea c^Ja .*21 u&- jLL ^L-axll 

^3 ^dim-all a_li*JI x <■ . 1 H ^-i j (_£L]I "i_)lli]l (^jaxll" ^axil jJaall 

A ;\xC- A. ll^j L_jljjil 0a jLl£i_jlc. — Ijij 0^1 dLdj (j^-°-J . ^llil 

tillj j t(Malolactic) Aj &)! jO jxdi JjS J J _ja£ll jxdill 

. Ja.nqx La 



diljl jl_jx /jx ‘i j x x]l dlij-^ll dlljjdall ^Liil A ilxe. dxjLox d^) 2 >. 

U& *(jjj3 .lix (a_ljiaJlj tUaUaJ i jSaui l _ h x->5 tdli tA^jSlj tLLix) <aLoii]l 1 g mL J 

l$L (Liquor) 

C- Lx.jj.il 1 (JjIaj U-J^^ U -0 La . Jj^il ^j-o (Jlc- 

^jl£ jjl j^j) koji jl malt diSLJI 4iLjaL 

a ^ j jJI Lol . 4_Lt5 l1jIj^)£-uj J j^j daLoj^jVI 

. SliilLo 4 j^)L^j diLcj^jl Lil£ dJLail AiLkJal c*’ AyfuJ c J j«ill 

c> f' 100 J1 ^lL->V j. >^i*\"ntui Jj-a dlljjJ 4juJa J ^1,1-s’unl 

%30 — 20 ^ n.i'i, 1 4jl jVI jl_ 3 -all <il£ JJSjJ 4jLaaJI o-l£Jj .clilLall 

dll JinLlma (jj^j ttdL l _ 5 ^ c - ojLlc. .LjLakll dLaJ^jL/l ^L-Vlml ^1 (J _jdl]l dc. 
jLoi-aj ^iu\\ ^i£l 1 i^^^ ^ u^>; (.“ii-n i t'ijjLt-a j djLla LiLti dl j dLaJ_)jVI 
(jj tljjiJ j . jui-sMl A il^c. ^1 -s mil ^2 (jjjadj ^1 JjL La tp.Lii]l (JLLj A ]\aC- 
dLaJ^jl killaJ j] .CllLall ^ d. jj ^^lll liili (jx JjJaal dc.1 n^ill dLajjjL/l f-LI 
^ \;> J j.llA ^ 2 ^ .lie. (JjJail “LJLiS (^aijI^aJI (_j-a A II) -Llijj^i^II jLLixL/l 
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AjjLlaj 3^°^ . ClllLAI ^^3 b^y^. ^aII cilL y* 

^ ‘°f 100 Ojl^p* .lift s-Laull ^JJ4J Igjjjl^l 4ja.jJ (_5^) 4jJl& 

.CjILuu ja ^lifL iiS3i (j-o Jal ojl^a. <5kjj .lie. cJLa]l CjLaj_pl (jjSj (jja. 



Brewing and baking jjaJt A^liuaj (4*aJI) S jjJI 4&tLa 5.4.20 

^3 s-Lall £A '■"''''a jJxjai (jc. ' .' V'^ 11 '' gjjij 

‘^-jiLall ^t.i.VlII ^J1 AJLjJaVLj ■ (n \y^.* '1^ ^gC.Sj 4 ..A, . >i 4_ijjlj 4_lC-jl 

>_r^- j' jjVI j ‘(Sorghum /•. '.>■ ni l Sjillj tsjillS <_i 4il_jal jfLaj 

Jja cAli JjLJ .SjlC-LulA 3 ja£ ^Jl ^LoU 

^aJ t Afr£o3l J)j^3tli] jliiAl A U)J>^ £-A ^gJiu . £_jiALl JjLjj ^Jc. 

0jJaIil d^ull <^3^ 3J*^AI -IxJ .S^LarAI £a ^3^ c " L>^J^ J) (J^j 

SjdAI £jL-aA y& Aj^xJI dlLaJ^VI ^-I^JjojJ .Iglmxjj 1 g ^ J > a JJ ^jl (Jjfl 

dll j SjdJ ^Ijj] LS^ C ' ^ 3?3*^ J aAaC. A_il\_at^ dJL^ 

aAaC. AlLol JaJ 3 -0 aJiC-LuiA dLaJ^I ^Vn>n Ia lAlc. j . ^»ljAI ^Ac. aAIc. AdC- 
j-ujjj i^'Aiiik oyu'') dlj.li& jjjSII Alils Sjjj coJc-LoiaII A jaII ^ jja“i 

.AaC^-Ia L-J j dllLa ya S^jJJ ^ J)***>A1 

i3f^JI Ac- 1 ns-t JL^a ^3 1 Ajhc. l^.Ld dLaj^VI 



-,lA.lA.U, 



dlijji > n^p 3^^° J! ^Laoll Ja.1 J J^*-^ 3-^f -0 ^ - 

(J^l (3^ 3^VI ^3^1 3^ ^ _3 3^*^ .\gj\c. J-AJtil 3 -0 63^-^JI y\Au 

4- l^.^L^a SJU (.y^ ^ 3*aJI )-i ^xi-o j cpLaoll 3- 0 *3- Wx> ^3^ 

JL^xjjojI ^3 $ jjU! j 6Aj^JI c!j1^)jW^1 3 ^ *3^^^ 

cIjLgj^j 3c. Jj^jS c!jL<ij 3 ^^^ ^I^jjjjI 3^ c^liLo .3f^JI a^.Ll-^3 3y-<i 

33_^*^^ _5 * lJ .^V uul AiL-ia-o A-ijl j f\ a jLo j 6 ^11 

(J£jolj ^.IjjI &y±& Al^l-iLo A^Jjoi U -0 A^- ^ jA 3 ..^ 

ajIac. 3 '^^^ 3j4j£]l aiuj£I ^jIj 3 IC. 33 a^jjuj 3>^^ * uj>*" 

3^51 A_iC._^j (_yi 3 -0 4.xlq^ a£jjoJI 6 3^^^ A-AaC- (JvL 3j>*1I 

ji j'-^^j^'j jLy^'j ‘( jV jj\u a ujg . jlliLtjll J^° C: lLajjjV (j^4J .^aii-all 
.gjlill j;-.N 4 jc- jj jj^i ^^3 liilijj ‘(jij _ji*JI o j3 qa Ajjd 
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Fruits and vegetables jLiiilj 4£\j*l\ 6.4.20 

LjjjjLojI A^jJaLoll A-U,flll JjflxJI CliLoJ^jVI duxl 

g. l-litHuj' V 1 V (JjLujj CliLoJ^jVI • A^l^all A-^Jl*^] S.H W ClA-ufl* \ 



(J^Li. ^ja A_a^_a Ax k'\A ciil.LQj A-gilall ^ u^aC. ^ Vn^a Ajjoia 51 j l g 1C. 

a <q^ a CjLcj^j! ^jjj£jil a \UJ1 Aj-aLaJ! djLaj^jVI 3] . ^ij^ix 11 ^-jlj 
1 g *ai}*i Vi (3-^ tillij A^IIjcaJI A )\^aC. AiilJaj ^ \ k^ix \\ 0jLj 

a£I^1I £\*y .1^.1 jjj ^1^1! CjI-IUc. qa j& <jjj£Jlj .^jjjSjII 

Ajj-iaA^J! djlc. 6-i^J Cy* (J^joij c-kSllljj 

^’iLol£. j\ cJjjaaI! (JSjoi ^ic' A J*an^a jl t (J.5Ljj.j -1^1 jjj ^jl 

6^oj Lk ^jjJiSall J-aau . ^ ji j^-qVI j! j! t ^ jjjoalj^j]! jl 

ajLjj Lo-a te-Lallj (jJjSojl -Ljjjj C<^£lall ijj* J^)A ^ j . 1 g"n*n A^Slill 

JXk j .Ajoj S^ oilll (j-a j\ksix \1 JjiUal L-Ixj-J! ^ja (J* >jj 6 4 -^.j^U! 
jy<rxx 11 ^ua ^-lujjjj A_iix^aJ AjLaC. (jjj£JI (JjIVj vnj iS^VtLall ^\!±^\ 

A_x-al^, A 3*iaJ jj ^ \j^-xx 'I ^jjju^iC. dil^JUt-Q \a IJlc- 

(jj£jjoj Sjois AjLac. <j£J j SSjjlill ^^ic. aIjIs Sj^S diti 

,^jjj£j]| ^)*iVi CjLaJ^jVI ^l.lVutil (jj-l? cIlqj La lij AiKlI Ajt^j^A J 
JalA^J! ^^3 A.^al.'iVuJ 4 ijS\^A\ ^I^LujI ^j^jV CjVLa*JjojVI (3^ J 

dJiA i^ja ^Ja3 Clal ^)x^a V uai^II ^3 A-ojLuj ^Ja3 

^jl £_IaS £Aa\ oAa^aIIj A \\x x>\l ^3 A^jC-^a A_^JIj«-a1I 

dljoiLal ^ic- Jali^JI J^.1 (ja ^j.n5Li]l JIjIoj! ^3^^ .1^. Aj^ia ^ij-saJ 

. i ^-<-v y\\ I jLjaiJI ^=3 



Forest products CjLUJI CjU1L» 7.4.20 

IAjjSI j ^l.’l's'nul <Ajla]l Ag-1 u^>H 4«alA Julj3 ClsLaJ^j'^l 

(Jli.j| ^ dll 1 \; y »n ^3 ,<ln]l <jLa2^J AiLtLall tdL ^Sb AoaAI 

(JiLa i diLi jLaj£JI <;i-aS ^ Ajc.jjll (Xylanases) jU^Lij ci>Laj_yi 

(Wood ^ Uu^wll (j_jl aJI j| ^3 (jjaA Vnu-all JjjoiSjI ^j'Jj J j 3 ISJI 
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tAilL^J! A x^an^ll CjIjjLoj5LU JjAjS 4 jLliLt^ll CuLu^l ^ J-aal i] .pulp) 
3I .Alu]| (3^^ 3^ Aujjj-all Aj^jJaxJ! CIsIjS^aII A_i^£ ^9 ^IjLa-a 

A^VLa^ll A-U&> ^-11 ^lUI £.3 jI L ^9 Lolc. l^_^.jJ cilLiA 

l_i1L 13 3^J<JJ jjSI Aj1u. 11 Cul^^joulli <3jjll l_iIj] (jiaJJJJ 

. ^)jl£Jl 3 ° 3Loj JLl 3 .JJ ^tuV ^ 3 ^° 
^lc« j . ^.iVurt^ll 3^) 6 jlc^j ^Aj ^-<31 -ill 3^1 A_^jJ ^ 1 -^A 
s.w*i<ft\t CjIjV^I ^^HjuiaII 3jj11 3° %30 33.11 jLu tJliLJl <Jj u* 

ciLlij 3 jj 3 ° 3^31 5-11 jV culiLac. jjjlaj 11 a ^ j .AjfL^oVl 

Ja J^kla (JSuuU 3 ^^! ^ 3 -Q-Q J)V 3. Ajjai CuLoJ^I 3 ° Aiall ^IaHjojIj <lllj j CC_u 1 ^a 1 I 
^■IjjJ CliVI ^c-Ijou CuLu^VI a^A 3 I l-o£ . Alu.1.1 Ajijj-al! CuljjUjill ^l.^Vu J 

<11 J] 3jjL 3 ^ ^^3 t^jjluj (j5Lula JaxJI 3 ^ <Jlc. <c._jjoi ^lc« Jal fl.^k..l.l 333 ^ 

3 A Aj jLol! 3^ 3^ t Aj^fc V1I3 S^Lo 3A jlallj .Aj_jUI jl jJI jl jlali 

(jjjlA <11 jl (.jSLaJ . (<_ 1 ^jJ ClJJ^jSLlJI CjCu, Jill ^^Ic. (_gl?*IJ ^lc ^liu-cui 

^IiVuliI (j-a V^j ‘(jjjll <£-lij-a all'll (j-a Li-aJ_pl (jilj jC- ^all JJC- (jjJ-iLall 
.<3^1 1 1 llViM (jas^ll “UsL-ial tCajjJlj <Jjl£ll C_jj^all 

Dairy u4&' 8.4.20 

^ajjliill CLAjIAj JJ i _ nl%lt Cj' VTi,a A ■% 11 a a ^3 CllLaj^jVl JLajUxul 

^_k_ 2j jja-oll (J 'i^ua dll >^ilVn>ui i.”la.'lVHul <■ JJJ • " ^)jlc. ALaj . (J-\ m^ll 

liabi .(jfJl ^^j]j >■ . nK \ \ jnVil t(Chymosin) (jj j j - a.^1 1 c jj - i->"i\' ^jjj' 

^iLaial t<JjjoiLa <Jjg -N a CjUjIS. (Jjjqij.a 1^11 jajjji ^Ijjl ^aJJ ta j>>»' -sll 

l^jC. (JjljuS dlLaJ^yl (j-a 

‘(Casein (jnuKH) ^ nl-\H (Jjjjjj o>a ^ jLLJI (j±aJt ejljii-a (jj^jj .(jj jj^ll 

^j£J J t ' <va^ 1 xia l-i ojiA a Vi xa~ 1 .^^LaVlj CljIjilA 

4_iAjjjyi A ~\ niSj jjWT'i ((jjatJI^ (3^1] oj4AAi! dil^Sjll 

LjjJjij AjJulaoll <ij^jia]L| (jJiJI ^L^ajl ^ '\3-i“n .JjaJIj CjUjj J jjil CL-aljILall 

aiUij J . (jj"i)-)j C >1=JJ o CjlaajJ J A. ia.J CjLa-Luixij t -1-aV 1 Jj 



803 



AjLaC. cA_iC.^j AjLoJ^jI AilAaJ (JC- . Ia^. AqK^a Ajl^C- 

Lujuaj AiL^JI ^l^jl £\\^ aJL^. ^ a^U. cAil£ JSLjj 

(Jiaj CjIa^I ^ic. ^L-sajj (J j^. C' )\ ^ iVI Aj^£^) .0jJail! AjjJaJI j 

(j^aLa^.1 ^ic. A )\ax 'I a AA J-oiujj . j)\ .^Urtll A i i^k ^^3 La£ AjIAjj j^ill L ajqJa 

^jjojj A_ixj A^jl^. j A_ilkl^ jIaluj AjLoj^j! AJ-iml ajJj^aS AjIaiujj Ailbal 

JjAj£ jL£UI AjLoj^jI jLAcJ i£_)^ A*1 . Ig-axJaj ^jl Aiuilt A g *\\ AjUL^al ja 

jla^pJI jl J jajJI Sax-q j/ 1 'Vi^.q ^jc« a^Lic. ^a j t (Rennet) a ^ Vi^ll a \)>* 1 

^axJa aA^. ^j^xj ^ja 3^^^ AjLoj^jV ^Ax-a-aS A wall ^A^JjoAj .AxjjAa^ll 
AjLojj^^J! jL£UI djLaj^j! jaxI (3^-^ 13^^31 AJlJajVI (jW^VI 

A^jLola a^Jj^xaS Jju3Loj Ajli A.AAJ ^jiaLa^l ^ja Vl^Ail (J' (3-al 

J jaI! (jAaxJ ^ Ac. ^la-a ^^A A n^x.11 aA^i .A^gwall A'lnc ^ A^.! jjj ^^lill Alii! 

. 1^_a1 A^JjujIj aJoA^-g Ai^-ua jialA^c Jj^.j JLaJ^I C < 1 U>n 



A-ijUVI j Aujli jil jaUIaH 5.20 



Regulatory and safety aspects 

AjLiLoC’ £_Laa. ^3 A_lgAV1 ^ja AjLc. (J^ aJ^aJl^j (jLaVI (jl 

— AjIaj^jVI — Igjli Ax_i3a3l AjLuSj ^>, W‘n*n Lo-lic. ' *>>jl IIa ^jjlVn j 
^3 l^al.^ V*nJ <jl j cA-ix-iila AjI VVm ^^A AjLaJ^j^/l ^ji ^C.^)3 Lj . A jyj uAi'l CALiLgxJI 
^JA ^£Ij]I ^X_xjjJ A_1 ^JjoLa 3I Ajl£^)jai]l jl V] tt-gALal (jjjj £.IAx 3I A^Jlx_-0 ^3 ^jLalll 
^jIS^II ^jj . J clH^A^ LS^ lS^-oJ V L^jLaAAo ^jl 

Ajx_Aa ^1! 3 ijAll ^Jax..^ ^3 a \ g*n ah\\ j i l^..3-i jj^aj ^ cA jVq'^l CliLaJ^j^U 

CAljjLui]! ^jI ^3 A_^.^)J>i CliLaJ^jV! aAA ^iax-Qj . AjjI j|j-<Jlj aUxIIaSI 

(European a^jjjVI ajsl j!a1\ ajjUaII jI jA\ jja. A-Ali Ji* iAij^x-^l 
Jjj Inventory of Existing Commercial Substance (EINECS)) 
Toxic Substances Control a_*LJI jI jJL ^jII u^j ‘^jjjVl ^l=AVI 
a u tA-ix-nla A l^Aj^ ^ in^ij .A_i£j^VI a^V^'l AjIjV ^ 11 Act (TSCA) 

^)Jaxj ^^)A} AjVL^. (j^lj .A-Alall ^3 l^_^.l^)jj q a alnu^ j 

. Ajjj^\ 1 Ajlajll AjI VVm ^.lax'j pJ,h4 AjIxj^)Alj ^ jak^i AjLaj^jVI 
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<i*j5a CjVHj Jj 3 (j* <jA*JI <allx* ^3 CllLajjj'Jl (JLaxiiail ^]Vi i 

Jj-lll dl-als i jjj*J I -llaAM (Jab .(jLoVI dllxjjdjj pi .1x11 0 jlaj j^ic. 1 9jdj 

lljlj . Ig \n bu3 dlLsjlxlllj <aixlall dll^-iajjllj dslxijjuiill JjjSjll pldacAl 
<1*11*11 A a >.nll <*lai <llj.lll AjAAI J “Aljjll bolai* - (jlaj pljaa Aajl 

Joint Expert Committee on Food a!' A ll Cilildalll -FAO/WHO 



Food UjIAII cAjjUIJI cjllajjak* CbJj Additives (JECFA) 
dilaijiVl ^l-ikiA ( Jkj ^dl! jjll i&l jail Chemicals Codex (FCC) 
(UjjjI) AMFEP <111 J Jla <il jl dlY 1 j j»jaj La£, .AjjIA Clllsblaul 

(jaUjlLa j xiJa jj (<jljj*yi a.W'u'l dlU'Jjll ^^A) 4 A ill dlLajjj'Jl Ax. j*a*j 

(AMFEP) ojjll*ll AjjjjjVI <311 jll a A ClixjJaj Hi .<iljH djlxjjAnll 
Good Manufacturing Practice i^l II aU jLU C^Fall jA**ll 

Ujl .>ir.l jajaj jl t^ajjljall (j* oijaLall p 1 -1x11 dlLajjjlj Aalxlall (GMP) 

<jj,a -s a dsljjll (j* -la jj AjjcAl <allx* ^3 Ca-laluiAll dlLajjj'JI (jl jLada ^_ic- 
(Jjliaj ^^ill <j Jg a -all Cllljullll dlVAuU (jlxlu 1x3 j .CaLoi jjc-j A_dajxa jjc. 
CiUjIHIj l* Ualljyi <lLaxll ^ <*,1a"u.i,all j t_J jlLa DNA LS ^c. 

^jai c 5 jr>y ‘Genetically Modified Organisms (GMOs) Cil jj <3ax*3l 

^ (Jad ^^ill <bLuil AjjIjj S-lLa ^ f>»~l ^^ill <ajl*ll ClllijUll Ail! dllL-alj-a 
.Idail (J jjaJil l^jLal (Jaaa (jja_i tAjabj'JI Ajlaxll 



LS lc. i_iajij i jllxll plajl ^Laa ^ Ajial iq\l ClLa jlall jjjIx* plijj 

(jll 4<lnll jl (jjjlil! u' (j^-^ V Ifljl.SkTka (jl (jLsu-ia djLcJ^jVI djl£^)juj 

^A A j'a* II d^A -LalgJI s-I^^VI .1^1 (jj . A-Adil hpn dlj.1^. 

Ajxj^)jji1SI CL^^S jll l^. aiaki (j* jIIjII j tjjjjjjill <A*mi (j c. Cililul! 

US Food and Drug Administration <Aj-a'il *\ jll j *1A31 Sjbl Jlial 
Environmental Protection Agency <iull UUa <1'1 3 J (FDA) 

^I'lVnul ^Ic- till** iillj (jll Lajjl tdlLajji'Jl dla (jjaj .(EPA) 

(JiLa t<iall dlLiljjall ^l.l-s"n>il (jc. <LilU dlljLukl (J 1 jl ^lajll ^2 djljLukl 
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Jll] . ClAjljAaJI ^cJLai-o g- 1, x^aC. 1 jl t Ij^jjjSoII jl iLa^lrLlI g^l^a 

Clilc-lij c : 'ih'i CliLoJ^jVI j)l (j^ll (j-G <>** ll jn‘uo'1 jl .Ai* li 

A.LUai ^)JjIj j • .il A^) jl ^)Ijx£ l*‘ ^triVurtl La I Al ^-aL^-uiV I (_£ 3 Aj^Lui^ 



(jl . CliaJI jLc . j iJdl jJ 2 v LalLj t^Uall i_i_jiSk (jl iw Tnul (jc. Vo^-Lll A uni >>i-s\Ij 
4(_kudl (jlfLaJ ^*s i^i ^)jjlj jLA Ijj^aa. CllLaJ^j^U 4-iml mMI 

Uc 30 J\j*l I (jjj CjLojjjvU ^j-n n.n dljiitj dVGk 4 jI (J-v ml 

<11 J)j (Jjj jia (_jC. VLaLuUJ jjl S a \ A Ii n^all <_u2_uta_ll ^ySLaJ • L±1 ji£l 

• A nn*\ j\ kljLui dljdidiuixi ^1 dab ctlljj t jlj^jll jl a 1 J^ll j/'.V'l' 1 a!1 
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(j j . 1^1 ^11 



A 4 \\W Aults- Aj a^uiLaII CjIIu oull 

♦♦ •• vv» 

Recombinant Proteins of High Value 

Georg-B. Kresse ^ 

Roche Diagnostics GmbH, Germany LjUli tGmbH LjUajiJul] <j-JJ 



iajlll AjJl& Ljljjjjjjji lllVLaxijjl 1.21 

Application of high-value protein 

CllLaJ^jl LLLa 4<JC-li^al! dlLaJ^jYI AjlSj ian-Vnu.aH tllljjjj jjll (jj 

^ < _gjk tiLI-lxil CjIc- 1 u^ill aImcLuiaJ! CjLajjjLH ji Cjlajalall ^ ^ jljjj j JJ 
£»a iajLli. ^ (jj£j La ojlc. j Ajala JJC. dll j>f-iVn>i,a ; -.h» a 

^gJ! ^LtiJ ^gjll allL/LaJUjaiL/l (j-a JJC. ii)U& iJjlLaJL .<alii-a CllLaJ_pl 

a1io^\j . (iajkll illc- ^ lillilj) o jliall “LJlc- CjLjjjjj 

:.iMl JjLuij j a i LlL± 'ill vjLu^jjy/ • 

^gjLi-aj£JI J^kLl! AiLiaVL JLLVjj iA n)->N 

• (2.21 Sjaall jlajl) j 

AjlSi al£jL nal ‘.iiil j_f]t a tl if L£i ijjl jj[£ aL t< "u.,*tl JiiLaj^jYI • 

c- 1 WfaVI CllLaJ^jl ^Jaj ‘ijliill illc. A-jLajjL jj <JH-V (j^s Ajiax CLlli±aJI 



.(jjjjjJI JJaAj faijji j* :protease j proteinase jliujjj J jIjjjjj 1 
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tRNA llj DNA II 1 jl ClLaJ jil j 4~4.ili.UI ^JjiijjlSjjiill 

. ^(juxlill j £_ll^)]l jj'S.-*>ail j SV'.l ) SUiaUI CllLaljiYIj jL)I£ jUt ClLaljilj 

(JSxul ^ jl j jfLljjtJI jl^)ixil jij ^ jV jjilA jfsAlill CSlLaljil * w"'..'' 4iilll£ 

^jic. djll-Aul e-l jlJ j^ya^iu jllij A jLlUl AljlUl 4itaill .111 jla 

•Glycoproteins ajjUI CiUj jjaJI jx aij£LUI j j?.Vl 

* 

CliLu^jVI J CliljLja-G j 4 J-aljC. I 4 "ll l/ij jJI • 

.(3.21 6^ill I ^^Ixl c-lj.ll! ClAjj£-a Igdx^ajJ 

c-l jj>jj tLia. jl jjj dlljjj jjJ! 4-^.L^, c^JljA tcilli <3ljJaJ 

4_fil.l&l£ l^al AVu J Cy* jjLj CllLillj jl CL.\.ua (J5ujjj 

Aj^Uiaj J Agonists jldj JaSljj) Ligands -LjUj ^ d^J] 
Am)ua 21 4jtdVI aLjujI^j (3^ L^ajlj tdalLn^ jl (Antagonists 

(juLoil ^glc- ‘Ciu Ailija. ^ILai c5^1l NMR ^ 1— *t m *SI jjii^ll jl 

^liil 11 a 4_illajj j .4ic.lilx Alillj^)! Cllll£i^>x AC-Luii i_l£^)xil Alii 

jLl=>AI 1—lic.l j£] J 4^1 jitWjn 100-10) I J ~4 J. uu_a jjUai ^^Jc. Clliiijjlll 

.i—ijc-jUl l^xInVuil ^^ic. IAxic.1 Aillc. o jlaii 



Jill saw* Ail au jJS jii ilxLai ^Ja£ AiUijii :endonucleases aA'a (^AujJSjii ^LkSl AjUijii 2 

.(DNA) iSI (jAaxiJl 4 It.ilm 

.RNA _SI j DNA —SI JxbL* *Uili f Ja AiUijii ^ ipolymerase jlji*i! jJI 3 

j-UaSil jaijil sjtc-ji ja j iDNA — SI (^-Uiial) Jjlii fijil ja muclease jUSSijill 
—SI AUU AilAmSSjii ^J=A fA) exonuclease ^x-jU. .^U=u5l ^ jil j endonuclease Ai.li 

,(3' Ajl^ill (y* I.IjSiI DNA 

.A*dl JitAifjyi > iglycohydrolase j V jjaia jlpUSI 5 
. JijjlpUJI Jili :glycosyl transferase JijjlpUJI jl jiixl ji 6 
.glycobiotechnology :4 a?. jajIDUJI 4jjaJI Ailiill 7 
.Nuclear Magnetic Resonance :NMR 8 
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Analytical enzymes 



aMjIViII iJjLujjSfl 2.21 



^ jjj (jAI (Jc-liill ^ jj f.1 <jc. jiil Aillc. CjUj ^ CliLaj jjVl 
^LotiAS 1 . . I '1 > idLajjiVI jj 0 ;\»3 .4.1 j^\ eAAl jliA.1 ^ jl a j jVi 

^aAj tAA] .AjC-j j IjjjatAI (< SUulj5i]l) J&lilll jlj^i jii£l t aJ)l 

1.1.1c. (JjWllI j ^ dall j.njA >aMI JLa-a (^2 A^ala. t tJjN'lll l ^2 l^at'iVlml 

dilSi lil) (Reactants) d!>lc.liiai] jAaj .4Ab.aAll lAAIjSSlli AjjlLa Al jA3l ^ 



AxaJ jNl 4 Al*A]l (J.l*j jl jl tdlLaJ jNI . 1 ja. J lAl J-aJ^ (Jja'n jl (aJjI ll j>s 

CllLajjNI ^jiij . (dlUafLa jl Cll^JiLa^ (Ja*J dilSi lil) l&jj£>j!il -LaiijJ ASJjlaJ 
(JiLa tAiajjjl jjc. dlllclij ^lc AdAll dljjl*AI dll n?i ^ dLaA j jj.li Ldil 
jl ( jjjddlj jji^lall jiail) .~u^>"uii.all j AdiAl f wA jjj JbLiijVI (Jc-lij 

.(Oligonucleotide) d jJS jAll dllA j DNA jjj jjagill 



(Recombinant) i_i jAldl DNA —It ASA JAi. j* AS 

jl tdl-ljAall jl tlljil^ill lAlaJ l_ic!A]I ASldVlj tAxa&l ji jaa L$^ Ajjl^ 
(j j2. Aj .i_jjc.ja 1I jiijjj]! ^tiij ^2 JUIjaVI aAj dAASI jl tdl j.All 
1 ^Acl dLljSluiAl AljjluLa AJ jg -a dlAlA (Jail dLajjNI j-a .11.1*11 jC. jiUtAI 

(Jl J all ^jaisi Lm . ^ >. r)A (Jjladl lALa ^^3 l& jj_i»'i (JjSLai^i j>i 5ja 100 ^1J 10 

^ 4-al& dl djA'S ^1 AildVlj tdLajjNI i_) J “‘ aa l dLllL-aAl jAaJ ^ 

^lALj) ji.aViSI dl iSaC. ^2 A^, A~n«.all jalaaVl (Jjldj ^1 aAl*il Ajinll a-LiC-VI 

(In jAjAI ^A Aa jAI jALtill Altai Clia.ljt A1 nAA 4 _ s lc- .Ij .(Aalilill dilAdall 
UaiijAl CiLajjjVl jdxuaj J] JjjAI site-direct mutagenesis) 

t A^.lA"na^\l ajjlaASI Ajjai C i Vi 1 g'n’ilfi t JiLa tAalilaliSI (dAuLull) dVA*AuVlj 

. 1 g'nlNail l^jH jS ' g N liiil JlLaVS ^ n-s jjAigll ^Ajlljl 
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fjk dl$J) CjlAjjjSn (j 2, *d»S : 1.21 Jj.dl 


S jjbuaJ 


(jdh) jAuSa!) 






Nocardia erythropolis 
or Brevibacterium sp. 


jl dj_d^l 

Cholesterol oxidase 


4 jjjLl^LII 


Pseudomonas sp. 


Creatinase jlujLjSlI 


jdijlj^)£]l 


Pseudomonas sp. 


Creatininase jlimiljjSlI 


4 J dlU jjl 

<dj~ul j dLajjjl 

dc-ldil dil 


A jo\l A \*\ \ ^ 1 |_jjd£j 

Escherichia coli 


(3- jldjjj^^lc. — \dj 

glactosidase 


jj£ jlill 


1 jixll 

Aspergillus niger 


Glucose jjSjlill 

oxidase 


^ jjl) -j_^ ^l*-ll 


Leuconostoc 

mesenteroides 


“6 jjS jlill 

Glucose 6- diliui ja 
phosphate dehydroginase 


lill ^jjjl Ajjljta 


Ijj n*\i ^l^jl jl 6^)4-dJI 
Bacillus 


jl d j jlc. - till 
a-glucosidase 


4_i£>lii]l dl d j umlxll 


Aerococcus, viridans ■ 


3 diLij. y (_J^^Luuljdl y 1 ~ . ^ y 

Glycerol-3 -phosphate 
oxidase 


djlj^)£-ui]l J jj£ ^liJI 
1 dulll 


yeast S 


Hexokinase 


^■ull^ ^.jjjl^ ^a-ljjl 

dll ^)jlx-dl ^JldlulJ 

A_ic.I_1a]I 


horseradish 9 jU.j^J 


(Peroxidase) 



. jU Jai (Horseradish : jUjaJI 9 
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^Jp! AplUta 


Pedicoccu sp. 


Pyruvate oxidase 




Pseudomonas sp., 
Bacillus sp 


J)\ .*1 




Arthrobacter 

protophormea 


(Uricase) cjI jjLI jIai^sJ 


bjj^' 


Klebsiella aerogenes 


(Urease) jbjjLI 



CjIjjIjLaJI (jh LjLajjjVI 1.2.21 

Enzymes in diagnostic assays 

^-£>21 ^-utl (End-point assays ) El^J <h£j cjlj cj I jjUJI 
(Jclij aJjL/I ojLa]l jjj (Analyte JA alt l_i£j^]I) ajj£jj 

(j£-aj ejLiLU (j^l j!La]l £-a aJL_j^j pj ^ill ^jjjL/l ^jk^s 

S . * '> 1 

Lai ULL A3 ^Ii]l t(^gJj).Pi\l i_ya\ * K)E ] ' ^3 ^ (I ■ ■ jl ^jA-ll jjij LLuaj LAL (jl 
bAcLoia A_2jI O-Aal ^3l£La J > A\ a j^a jl A . .L'l JA all c_l£^a]l ^y> 

j^jLii]! ^ lljjjVI (^AaA/I (jjj_j£Lj]l AC-Lui^ An (J!La) AC.Ljia (JA*J jl 

allLlclij NADPH 10 (J-alaJI Ajtjjjlfi jjill 

AjlaaBB. aJ j^olJ (jfLaJj t«.l^jjL/l (jl (Jc-laill ^-ajoLj . ^ ( jLua.jjAA£jA]l 

^2 j^all (_^L-aUxVI (J-abua (J!La 1 A3 j^ja-oll A_ulj jjail dul j!ill (JLA. jj-a A ~s j'nll 

aA*j .* ^aJI (j^iaj ^ill jl^aJI aJU. (Absorption molar coefficient) 

^j^jjfl (a_ic._j 2I) (_jlc- ’i j )jl*-a]l j»Llaj 

Aalpl CllLaJ^jV I jjC- “Laic- A al 1.21 (J j AaJI ^ L>» 1 . A_l] jV I 
Ai.jj ^^-ajjjL/l JlA'ill ^ AaAaAuuJI CllLajjjVI * j(l . A n^iS. Anil CjIjjAAII 
L_illiJI ( ^i) Aj^jj^s. A_aJajl ^IaVuhIj gJUJ j ta ji^-SlI j Ljjj£all (j^s 

.^tjjVI AiK (_palikjV (a jl-a-sll jl E. COU AjSjjAoVI A-JJ_jl jill LljJjfL 



ajLall aLaCi ^.W“n»i<a 



^ ‘La.Wu 



. nicotine amide adenine dinucleotide phosphate :NADPH 
JuA' f ujjVI :dehydrogenase jl^^L-nll 
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ojLaij (dll Vn.al'^ (J&liilt (j-a jl (j a {_g\ ^eLij Ijl 

^ jVI (Jfrlsiiil (jjS 4ili t ^LuuSJl CjjAi. 1 g » n'l (j^-aJ 

<jjSL La ojlcj^ "jjuij^a" LljSlSj 4j L.nj^ (Jclioj ^'LlC-L.a.a]l (Jc.lid]|" 

^Lill (JftliiJl ILa £cj! jj .1^.1 (jc. (. Lu^ll “Lljl£-aJ £-a i^jSjJpL ji3a-a Jc-lij 

“Laic- ClLlclaj (jljjjil (jfLaJ tjjLia.VI 1—JI& tlLLaC- ,4.ijg > >1 ji 

eJlc.L.ua]l aliLlc-lail! (JI£jo 5 V <l!Lal Jl “L^LaJI UJ-^ j^a/iVu jp) 

lM ^jl .iixu^ s^iy-dl djLoj^jVI (jjc. <3 aILqVI j .ajc. 

qa j ±& ^ horseradish peroxidase 

fiJjlx-G ^^Jc. Vli-G 1.21 lMI J,g hj . ^ AjjL^Iill 

(JjLa- 0 LS - ^ J * ^ JjaiLdl dlLaJ^jV I ^^JjojJ ( Aj^pLa J) 

# ^ 13 # * 

o^jLiyi -iJ jj £y* (aj^ISII j i J jjai£ 6^1 iLq^ djLoj^jl 

ajc-IIaII ^juAj A_L-a!la A_ic.Lla ^^3 (dll 

Enzyme linked Immunosorbent Assay fjjft L Ai-^idl ajla-d! 



^jowiLkl! J ^ad l ^)iajl) (ELIS As) 

dulj A_aj 3 (j-o JSI A-iAJ^jVI A_ll jVI S^Ldl lg-}2 (JjSj * A j^lall 

fijLdl jlilujl Aili tK m J ^C-all La _^A j — ^jjAjI£j-g 

Js^iLoS! (Jc-lidll (J-lx-a (jV Z^yLuaj (Jc.li!ill A_i£^)^. ^jjj l_i3 (J^Lk A_2jVl 

A_i£^)^JI CIiI^Ix-aII (Jlflj .AJ jV! SjLd! \ jlvs IjjjjLiLo aJL^JI 6 JA ^3 

JSI (_5-^ ^da,aj dali i^ja -1^. 

jl a21c. tC m a^j 3 CjUjjjl ^^kiLaij La£ ArAlj a j > »' 

(jUaj (j-° ^A-kJai^-Lc A^^JjoiaII A_JjVI \ 

Lg 121c- i ^ l_LujI ^£ 11 ^ (Jc-liAll ^l^-o (Jjg u,n (j-o j .S^jIxaII ^ \\ ^llj^ll 



.±£yj\ ^jjVl :oxidase jl^o^jVl 12 
.CjlLajjill Jj>JI fjjiSn :phosphatase jUa^jill 13 

c_La^gj lAJLic. ^ajyjVi ^5^^ <ac.^±SI <jl j$\ e^UJI J & J • km cJ-^°~ (J M \.^ Sj ^ dulj 
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dLjliall qa j SjUU-' ijUU (Immobilised) sajL# ebLajjjl 

JJC. -iajl^j iaJj (jYl cs-^ sAlia dill j La “CajJall 

(Test strips) <jjLiH.yi ejL^La. all £*J j J£2 ij ^nVuaj La j&j tjjjjll 

mJmi aJI <IL^. ^9 Lol J Clil m '1 dil^)jlx-G ^A^JjoiaII 

<21* 16 ( jljSjjjjAuaS jVl jajjpl iAc. ja j) ^JpVl p jLa (Biosensors) L <j u*JI 

I3& lillj J\xj - 4 \L *31 ojLall j'.'P' 4_iLaC- Hc-LaJ "jAa-all" 

SjLi] ^1 4 "transducer" AiLLH Jj^-a j*jfLa 4_kJ jj tJLxiall <_5j^=d' Jc-UjII 

jj»a Jisl .(2.21 (JSjjjll) LjjjjjSlj ' g"'> ’ ’ * ^ J ' j a 'T 1 jfLaJ 4 _liL__)££ 

^2 l^xl-idLol (J^l (jx 4 II ejl ^aJUuixll J Aj jLL 3 <j^li"iftVI CllLxaLxadl 
. j5L21 ^ ^ J ‘ -il ^jajLia] 4x^aldj fc4-l±DI 




Sjjbtx :j*S Jjx a <4*. ,.l J 4JjjSx 4jxjjj| SjjLx ,»Uii! Jlla : 1 . 2 1 JSxiil 

Q a > taHj . uliu j2— 6 — Jlii^jjJjL^jJ Ajjj) j J' V Sj JS j^ II 

Jfrlij JiU. ijx (ajJ aa II (j . a ^jaJixuxll) JUjIS jjfu$ " ^ jji <Uaxa1jj AjjixuS jp''"' 

— 6 — j aAui£l (Jfrlili (JfrlilS) ill Jjjjfll .SjLLx 4 <iii^ j£xj V (<jiLuaj) JfrLuaa 
^ .(G6PDH) cjlLuiji— 6 4lau4jj dUj^jle 6 cjliuj£ 



. J=jj J olu -Mj 11 j* :(non-covalent bond) .^xaLs ) jULI jd IL jll 15 
. JIjiiVlj %^Si\ ^jji j* :oxidoreducase jUSojjjjaxSjVI 16 
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-6 jjSjlill mole +NADP mole 1 Jjail JeliSlI lift 

(^lall JcliCI j) axC iA^L^VI AjjjlM {j& J j^jall jj£ jlil! LjSlCj JjUj La jA j CilLuiji 

jl 340nm Ca. y> Jjla Ja C _iCCl (jalCLa Ak^ul jj lAJjJij jCaj < __ r LH NADPH 

jLuill) JjJ 1 aSa^ " CiLSjji ja JjJxJt a ji > tiS A aj ^yC jj jaC pa jji jA jlaalCjjia^J) 

a ja (G6PDH) Cilia, ji— 6 jlaa^jjJal^aJ ji Lu . jCj ^ < _ 7 uIauJI 

j j£±CI JcliaJ) alSaj jli i j jL) ajiuiia CiLjCai j i Jala Vj iCiILuij 2— 6 -jjSjiiJla IjaAia 

■lSA.1 lL jAjA ^^ JjajJ ajLa. jjSjiill Sjalia ^ Uijj ^jiaJ 

^jaaJI ^LaauSJl JalauSI ^ ^Iciita^U Cal jjU CaLaa jaSlI 2.2.21 

Enzymes as tools in biochemical analysis 

^ jLia A l\i5 Vl5l (_J£LuLa]i (J^l j)ai £aail J tj^ Cl oliLalt CaLaJ^NI ^.WuC 

AaaajitJI Lia.jijjj5l iJLa-a ^ !)l!La tAaCc-VI (Jj5 Vij A\ j)->5l (j^niCaill ^Ijla (jQaj 
.iVull ^^jSiAljdl (jliluNIj CaUaJj^lSI ^ d5c£j tCaliliJI Ajliaj 

•Glycoconjugate 

(JjlVllI ^ CaljJ)l£ dlLojJpyi jj.'lViui'i f.L±z.yi fjc. ijla-a ^ 

(_g j.n.aa ^^Jc. ^ '_' ^ 51 i 1J > .n jj Jaxl jjaQj t^ajlj'AI Aaiaj CaLii-Luail] ^ajjasJI 

a£> I c. A_aliJ l>» clljj c 5 CalialSJI j llLoi jjaill cJui^ajj tDNA 51 

Aa3^)*JI CaliCAjtJI ^LCajI (JaJ (j-a LCaalj tDNA 51 AjtJasl ojjaiaJI iLaNI jjjj 

tRNA —51 j DNA —II JjCjC Cjlaajji jl .(Phylogenetic relationships) 

Cjlj.ll IgiS, (DNA 51 jl^jxaalja jijjjl ^tiLo) jljJauljall CjLajjjl Cl5cS,j 

. (jaiaslijl j £jl j]l ^3 ^jjCua jA La£, tAjjl£JI CjljUll! Aj j j jCa 

‘ "'t'f'JJ.'H A_j_L» LCajI “LoIa CjI Jjl ojlilSI AjIIc. CjldjJpVI (jj 

( ^ 5-1 ClJ ^ Ajf. jj jlu J^JJ CaLaJ^yl ^jLdej . Itfjlc- I^JaJ L ^lll CjXjJxjJlj 
. A.iljm^jJ^JI AjI^-JI (j^ 5g"i5>«5>.i ^ d]j£j t Cjljjj J^)i5l A a>^>j CiCaC j 
jl (J ;\*t’l5 jVjjCjlA jA5t 51 CjLajjjl (j^ Ac. jaxo ^CdCj td5j 

.Ajj^aJI Cjljjjj^jaJI l_uSjj ^ AiklcSI CjI jCiA jj^)£1I aILqj Ajjj t(JjJl*j 



(jJc. aL »l 5 j=- Cu^xj ^jji :glycohydrolase jV jjJjL jSClill 
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JLuuLil CjbujjVl (ji axj :2.21 Jj-laJI 



nVl 


(ojA^ta) fjJIVI 


1 g \f \ JJ (Jj'Vl (J^.1 (j-o 
jl jl (^Ixuluull 

jl diLcj^j^yU (Jj'Vi'l 

A_mll (j_u 4_uil^p cl) -0 c — ^ ^ 

^LSjJa^ll 


(Protease) jU jjJI 

(lS jL) jjjaiiijjll 
(lS jij) 

Ijjjj£j ^ i C — lys jliijj^j^j] 
Lysobacter enzymogenes 
( jLujjJ 8-V) c-glu jLiij a JJjAjl 

1 j/'5 1 

Staphylococcus aureus V8 


l** A i t*i i\\ A \\ ^ A 1ml m 


YcC 4 A jl-liroJ CjLajjjl 


a^JIx-g 


^l)-lVOLl O^W^'l CjLgJ jjl 

jl ^ jL) Xa lW-c- 
(_>i IgA jlijj^ 

Neisseria gonorrhoea 


<jjj j (JjIV'i 


jl •'.j l . jSLjUJI dlLajjjl 

jliijjj O j D jl , .■. j < ',y), r- jJul 

Dipiococcus Lji&j t> 
pneumoniae 

j ' ^ .1 rp jl r - ]\] c P jl jl r- ^Jljl 

L>a F 

Fiavobacterium meningosepticum 

j j jj- Jj jl Aijoi jfLjlc. j^jl 

Streptomyces plicatus 
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AjIjVI aJlall (jjjaJI jliaJt ^Jsu .fjjjpl] jauilutAil j»UJt jtjg $«1l :2-21 JluJI 

Jliul j\ tSjl jaJI ilia) ^jjljajS jL*-a ^ jj*j (ill j.la. Ajuj (jaljii ^li-« 

C> 4jjLj$£ i^\ lj* Jj=4 KJJ-lJ ‘( jJJ cPJAJJj Jl ta-jjJl J9 Jj ji ifjaill jl 

.(Detector) i_Luil£ 4jauiljj Lj-iakiU-a j \ £ jja tiaj ^ jaj ^li tAiUall J^-a JjS 



A.jljlVifl uL«jjjSU *Luala. LjUlkla 3 . 2.21 



Special requirements for analytical enzymes 

(j^ Ij^c. a iljWill CjI gnl-Till ^^iiLaiLai CiLoj^^I (jWi jjl ii; 



1 J (_gW‘n jjjlst-a 

jlj^ aliii A nil -\W Aaj . sjjjVI 4-Jlxi]l i-jLic. (_jl -\ltlj <i c. jilt • 

jl A m II ^3 (jl j)£-aJ ^gjll 4 jjoiLjoVI ‘LdjVI ajLall jjc. (_£^>i.l 

$<Jc.Uui! ^jj^s 

(Ji.ljj!i (_gji.l Cjlii jla tj,\ jl i4jjla <faijjl Ajllxi (_£ I (_jl '. Sjlhll • 

( ^ j). : .Via] 1 ^al ~lVnnV I ^gic. 1 3 a\c . I J . j)£] j) 1 SjuiSJI j (J 1 W 1 II A .ali il f. I jl 

i(<ll*i jjc. 1 (■" 1 \n jjj i-A-ift a jlail! ^giau V 

(JjjJall atiil (Jc-lilSI l?* jljaLuVl : ii ’jLAJt • 

*A.Vi 



<c.jjoi tlulii A.i,ui'.io Loj 3 (jl : “L£^pJI i/i^i-\ II • 

Jajjjj (_^l (dll* (jj^j V (j'j K cat j jqVil l djjUi j K m ^jwull jajjjVI 

A m II jl^o (jc. ^aAj dal-uii' 
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Jajjjil] u>il 1.8 '. tjlol pH 0 j.l^ j^jAlA • 

Cliljjjtj (jc. ^i.lj (Jiljj (_$\ A^.jj V tliii. '.^JxuJI ta> ^ iiDL^j)/! • 

i j! (_j^aL— suijV I 

. i o/< 7 / • 



4 Jxal 



jblkl -L/ TS 7 CS— ^ 

(jjjWill jliic-VI (jJxJ jtkVi £-a t“ULi. (J£ ^ 






Therapeutic protons 4 xa£UJl 3.21 

^joij 1 ?*>'£> <j.\lWlll (j-a If. ulsliil JSails 

oi& CilLjj'W a (jj £j dlVI-iJI 'n » ^ ^2 J4_lAJ_pVI Cl)l^)><nVnLi.all j cMl 

SC^kLall Aj« jiJill CjUjj jjJI Jj^la (j-^y CLo i"*l<o.^Vu ul C3 j .o J.Wxt ^JC- JaSL^JI 
yLaCVI dlSiS jl ->a 1I cijljjlSJ! jl cCjljLiill jl 

A JuX aJ ii] ^ ,^LqV 1 (jxa&ll jl jl c l)j ^1 jl W (j_^o) 

jSij tiUi aj^c jaj SJl<al£ j -ajj! jc clL£^g£ (Adenohypophysis) 

(j-o ftj^^Ldl IX J VIII ^adll (j-al^C. J C ^ja C _^Lo]l (jjI^^joajVI 

: jljjj j jJ! ciiLojyjl jl i ju^ W ^c-LoiaS jiiLjSjJI j cAjIj^£-g Jj-^ 3 (jUaCVI 

V] • LS *h\ }** c> uj^UII (Batroxobin) (Ancrod) cjjijl 

Lua 4(jLuajVI (a_1C.ILg1I AjI Vi t , rtV I jijj) Cljljt-Lolxj.ua Ajj^xII CjljjJj^J! (jl 

(_£Cll ^.IjCll !^)^)£ua l^LuCLj £i<a J CLljjjj^ll JjJaxj (_£jyj cS 

A y Aj.nl j (JjI^joi (j-o AjaibJI djljjj J> (jl I-a^ . aIII (jc« c^yj 

C3 ^xxj^)jiJI Cjjiill JLCl^.V 1^)3^^ l^)Cx-a-<a (JSjuLj ( (j' J).)**** II j) (jh-^VI ^AX,?k 

(jia_j-o Ajlxxaj/I Jlo C(_^^)^.l (j^al^)-oLj ^^-jCa^-dl Ajlx-aj ^Jj 

.(HIV) U^J Ac-lldl 

AjLjaC .1 J (jluCVI (JjI ^3 Laiilaj ^Utijl ClLlpj^jJI yj£_jj (jj 

Aj>a£ fijLdl (j-<a 6^)JjS A-Lo£ A^Jlxua .vi^s J Lo-<a ; l -lix (jiai^Lo 

(j£ua-<a Ajl (j-o cCjLLjjj^jII ^LlojSJI ^iu^aj,\l j .(JUtill ^clLdl (j-<a Aiila 
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4i212 .4uiuj J >2' 4 jj 2JI Idl k-i'iM (jl i Will Cblij AiLjIa (jjJ 4jl Vj 4Lu.ds 

^y> L/J Clilc. ojlljj Cilj.aG Cjjaull dliujjJI ^tuj (jldaVlj ^ n^ij jJ 

dliuj^jjll ^Iddul (jl£i 4^Ll*JI dL/La. (ju -lidll ( _^a3 . dliuJI Luajjjjfaj JLU. 
.Iim-nII ' 1 VL. 1 L (jaij^dJI ^51*2 (Jl % -all ^lul (ju (Jjl CjjuLall C^Lull 

dliujj21i . 4_u>. j] jjjll 4 j12Ij (jd^alll I— jLiujU Cjauall ^ C. FLaJC.1 lilljj tl^jaiaj 
4 jjdlull dliLat Jaju jjLajll j jdll (Jul_jC.j 4dlj_jx^JI (JllLal (_ju 4u^Ll*JI 
jl c~~ l\ L>n.a jl (dLajjjL/l) CjJ 2 . dljldaii (Ja*J (_£jdl dliijj^JJ (jl (jiia (_gi 
(j^ dliuj^)2l eL& ^yinn 4i212 . (ajl dd jaLua.yi) ^gC-liall jl g -sll dl n-s'u>i.a 

, 4 ' a > I— . jjl dluLaxll l-i n’n jl ^ i-L . .W' jl i (Jl .1 {‘nul (JsJ 

(JjdJI (_pa^)*_i^ ^LLtll ^3 i_J jdLa jjjjjj 100 (j -a JJ^I ^a.'lVuiil tUU. 

La jdl jijjJJ 500 (j-a Jj£l lilluA (j! ( jxs. ^3 t(l^ia ejlida C^ j . a-N . a 3.21 

i 4 ' ■ .-i' ^jillj liald jj^VI Cj2JI jJJ juj . 42uda (J^lju ^3 l_jllj 

iLiaIIc. 4_ul j 2I dl_jid Vu>i.all dll » i _i xi <dli ^gLc. ?-l '20 (Jjdsl jd 

ijJjdV'j t (Erythropoietin) (EPO) <j^j^jj!ujJI dliiijjj 

j2a-all (JulaJlj 4 ( j)LdL 1 ^2 _jd (jj-ojA^ (SolHatOtrOpill) (jJJj JJ jjLajjull j 
Granulocyte-Colony yin.^ll -dull dLjSLlI dl ^OXJ-udC i_]£jou] 

33c . j (a-interferon) lili- jjjJjiiVl j iStimulating Factor (G-CSF) 
dl j d V'l . .ixi 11 4ua]1*JI (JjjuII (Jljj Lfj .4 Ijm'i 11 iidj a-lLduLI J hi-nLM (j-a 

.4jujjoi ajjj_^jj 4 jdll ejuiiaus 4** il n-sll Lii.jl jj£j ^glc. 4dl2l 4_ulj2l 



Choise of expression system 



jjusull j»Ual jUia.1 1.3.21 



dljidd jj£I ( _ ? A dLudll j dl j/dll LLli. j 4 a jj^i-sll j 4Ljjn‘\ill 
Calc. B^)i=u ^adi ^gll Lad .(Jj^aLU 4jalidai! dlluj^Lil (j C. jj;»"l\l Laldu 

4_alajyi did ^_uu'd (Jddj 4 4 L.>|2I 4 /I Li ~',V I (_^jLuusj dl J-i-a J iijuiL. 

.4uaaLUll dllujjJI (jc. jjdill CadLuus. 
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Mammalian cells 



CjLyjft! LLU, 



a^all II LLll. (JiLa i 4 qj>>>.all ClLjiill LLLl ^3 j)£-aJ 



Baby jLa . a 3 . i l JAL ULU. J tChinese hamster ovary (CHO) 
(SP/0 ‘NSO L£Lk Jlo) AjjUa >JI Jill LLU J t hamster kidney (BHK) 
(jc. j j»M I J-a (•‘liij-sui <jla. (j£l ^ajJI 100 Pg (JLs^ (Jh- (^ JLaa jljij 

■Ltuij ^3 ollc. tllljjj jjjll j^}Aj . ^ (jjjajud! j ^jU j-Lojl j kljluLa tllljjj j^)J 

ttiyiaJI ’n * ,a ^3j ‘dHjtSj >^i\l .'ML: ^<AjLa^ <J_jkus i-aVill 

3 *j La CiLL^ju j (Glycosylation) JjjjfLdadL JaLjJVI CibLae. LjV - 
tlllSjjS IjJtj £-a L'jLaiVI lie. (_£^)^J Lai La lc-jj <^jLlla Aiijlaj" 

Its jJ_jlaj 4 . lllr'n 13 4 j^lj . (J^Lulall jjj_j^)jll ^-llaluil ^^3 Jijj jl j£LaJ jAiaij 



(jx tlil^ji ole. ^^Llc. jjjj^)i (jc. (Jlc. (jjILaAi jj«j ( Jiil LLLllI (jx ^>a!luix 

j> SS c s 

<ilai ^.IVuliI .<*ij^a ^JhWi 4jjK AALjaVL talc- Ij^jll Liwlj ^Jillj t^j-s > jV'lil 
till jiJ-iVua,a\l jj^a jj£iVI a JiJI ^llij (Ja. 1 j-a <iula>a tllljjJj LLLl £-a jj-aVill 
(JLa ^IxaSI tllljjj jjjll ^LuV (J-LaJI ^liaii! l^jl La£ iA n^TS^all Ajj j'S \l AjjI jlll 

t^a^jla (jjluta ^_ic- AjJaJLtll tllliiljjjll j 4 (Jj j jSLliilj A Jm jjii' tllljjj j^)j]l 

jiljjJI I La tilLHaV ^-ujLujI jjjjjJ] Ijj 



Human cells o 1 -^' 

^n*j ^alJVi^ ^jLuuV I 4 j jA ^ I (jLuijV I (JJJ j^)J 

jj-kia-oll ^Lou DNA 51 J-uiLujjj! Cy* ^ \)> 

cA-uiij (j;l^-5l (j-G L-lC-itill (jl£-<aV5-J Ajli t L_LuJa-<JI Aj\^ 

j • LujLujI 4j A ll 6 J^^.^a 5I jluuVI lI^I cl) -0 

dll^Lo djli AiLi^jia C6^A (JjaflTi j-A*j ^jl 

cAjjj j^>J 1 (J^l 
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Insect cells 



<-lil LLLk 



^ ji ~ i j ~n jiiiuill jLkjl (j a 

jlajl) aJIc LLLk c-iu-aj i(Baculovirus) ij 

jrtij] (j“* (jjjjjJI (* 1U.o'l A_J1 ^ (jj j ^jLii! 

-Lujij (j-Q jlil (jjjjjJI (j-a 500 mg 4 ^^) (jjj JjJ' L>° 0 JJi£ *— >La-a£ 

Clllia^ ^^ic- 4 -C.jjjiJj 1.1a. LluiLixs ^Uajlt 1L& ^ n» J nilli] . 

i. 1 1 hi i . Ajjjjjji t_)j3 diLoiljJ ^3 Ig^aBVuiil (J^l i^ya ^ya e^)l» . s-i 

lil& (jji iCjljjJull .lie. LaC- LLUJI oi& ^ “Laa>.j!i]l -lau La C \\ * .a ^Uaj i_ aLLia.1 

. Cjliiij^JI ajilSi illLi^S! ^LiiL/ *■. u>1 ' ~ 1 - a JJC. ^Uaill 



(v) ■(') Ajjjjjjjfl AjjjSH £y* SjUa a A^jay a :3.21 JjAaLI 


CjLuj JJJ 


liUlillt 


CjLajJjVI 


CjlLn-aH j 


uj'.B’i UiiH j 


l$j) Jtuxaj 


O^joILj 

.X j"* r'lQ i > 

(Denileukin 

diftitox) 


L ; .iig.'ii' c iii 
aAII 


(t- j^Uiill 
PA) 


Ull j£Ujjl 
(Eptacog 
alpha) 


(joJjjauVI 


a2-lil' (j jjjs j^jV' 


L\i j U.m jJULJ 
(Etanercept) 


fe^V ala C US 


(t-uajj* 4 ) 

PA 




Jj.U aijl 


b2~ lili (jjjjs j^jV' 


(■"i n^*iUjll 

(Alfacept) 


^■lal 

jl jlll/ljjjjaAll 
/ 


(t-oyyiA) 

PA 


lili 

-FVIII) 


LJjlxuij 


1 




(JLfcjalll 


(or»* 








Ajoi ^ lal 

( J h ; U.II 


(t-UJJJ") 

PA 


ull ^ j^ij jj 




—lili (jjjjfl jijj lilu 

a2 






Ull— jlij jL 


Ud J JjaJa J 


lili - 


—lili jljj liLj 






(RNase) 


b2 






Jl jmjIxxa] 


(jjjjjajj 


ljjj — ( 


al _ tkj j^j 








OWJ^oLj- 3 










uii jiijiii 


Ull- 

JaxSj £-o) 

(C Oijjj 


lal^ - (jjjjjjjl 


bl -Ujj 
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llu jlAiuJlc .1 


Ja-Ua 

c Uil-Qjiijjjijjb 

jljjj j^) j — 1 lall 


bl — U»lc. jjjjfljjjJ 




uii ja 


-LI) 

(2 


jljjjjjV 


llij ji 


CSF-) fui-l jiLs 

(G 






^ i“i. ^ ' 0 * ' ' 






( js- 

CSF) 






(GM-CSF) 




34 - 1 ) jjU jLjjjj 


Jp- jL UJ 




(PTH 


(GM-CSF) 












(TNF-a) 






(PDGF-BB) 




A 2 Jjj 


(IL-II) (jAiijjjji 



I - uAsJJ 

lill jjj 

(BMP-2) 

cULajjjton (IL-IRA) 

tj JiUaj J^lfr) 



(hGH 

Jullnj) Ajljjjjjjj 



(^jLuuVI LjUujjjai AoluaVI JliuiVb 4J jlLa) J.ix* JLuu ljILjjjjJI ^jj jaJjj 



Si 0) 



. JoLlILi 



Jj£ fclitS jJu (jM&il A&jjIa ljI£ jLa£ Jj-iaJI S jj£1a3I ljUjjjjJI £y* JjJadl ^ 

. Ji ^-4 (jajjjjj AAlxlaJI Jji/aUllI J^i (j-° ^ ijSJjfl AjlLcxoJI ljIS j . 4 £l£ M a ljIS jJj 

j»JJJ ‘cS-lU jiSaJ JJ^JJJ -O tjijk CP <J^i cS Ji&i LPP Pj '•{$ flJ ^ 

<_>■“' tp j^'j 

-bk Jl^uit t^ua ijll ^j 2 fbuii (JI 4 SII uuu RNA —SI tjLujjjji ^jj :4 4 -yt'l “LuijjjM 

• diUljjaJlj JliJaVl 
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Yeast 



i joa£J! 



Saccharomyces cerevisiae, Pichia Jia) <_s j ® j) 

J^A? L$& j j A (Eukaryotic) y A dLH£ (pastoris 

A iW aJ jpa j)-a <j^aaLa]l dLiil j La 'die- . ~~k ..-a ^yiaa-a ^-i£j j j 

^jic. did! ^j-a (Leader) -iLj^a “ClaaLa <3Ld) Ida! 4_jl yt~ 4 A j-.N ’1 

<slida) sjjlilLall dliii jjdl ^jl 1^-5 . (jaaaLiJ! jaasal! j L 'il ) (jjj j! A 

(jli t jAjll (_£jdaa ^il Aaiidl jjj (jl (j£.a.dl (JaaaLM 

jlllil ^ J ;U ia 100 A) 10 (JJJ La lAjjSljj (jj^J La die- o_3^)Lall Cjlljjj^)j]l 

} 

£_a ^ ;*>■ (_K .’.y A jia'A.ll Ig.ic- L)L-ajVI dlilJj^jJ jL»“i .lala 

<J£d a aV'-AA (Jjjwu jSJilL JalijjVI 4-lLaC- (j£]j tClujjSlt ^Lu jaa-s. ^Ic. IglljL^! 

■ \'*a j ^g^Xc. (jjj JJJ JjjAl ^gi ■li.jj 4 Lid J .(jLaajVI ■'lie- I A A jd tjc- J.. 1 .'^ 

<iaLlj] ^aJJ ((jJjaajVl) 



Bacteria LjdiLd' 

dal! A a L> 'I ~ Q~' 

dliii jjJI (jl (jSaaj .'jhn’l (_yail]l (_jdidia]! ^LjjVlj tLJLtll “LillxiStj 

jj\ -\ all ( jaaj!)E]l Li 1 ^» all ^3 La! jjl _$l 4 L 1 HAII (_Ali A Vi'AI <j_jjoiLa]l 

t( ji]j .( Bacillus Ljjj^j £-1 y\) ja-ddl JLaaj J\ (E. Coli Eji&j) 

(Jia .ail dl jqyj-\ d ll ilJ I j jj ^C. J>.o Vi ^gjl! da^jjll -ixj La dlAl*-a 

A ;l-sll Jdlj (JaaaaL) V tLlu^ail! L_uLij 4_Laj!j (J^joUj JaLijjV! CllLiLaC- 

J 1 la'll! dll 4 J naiVI a «ll"i-s"i (j| (jlLaJ 4iillL£ .kjjl"l^ ill 

^jd!i (j! 1^-jj dlik (j-a ^aj 'L*!! J£joJI jjc. AjjiiSal! A il-sll (_li.!j 1 g \r, 

i A >^>ll A in-aLf I kjl^jl! l _ s ^C' J J>^>-.1! J=k! (j-a dll L] . (jjj jjLliai J^j _j3 klLall 
kjl^il! klUalauLl -ejiaLaJljl ASu J^-ui ^lc- t_l_jaaLall ^jjjj^lll (jC. J l>L-aJ 

(jx ildl! ^ .Uni lai jliijjj ^IdJlaaLl 1 g L^i 3 lilll 3 u (_£^a_l A inaiVI 



i^Jjjoll jjlail! jdaJ AJjoiLui! dljj-a ^ji i£ul! 
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<iLaC. Jjg m"il <£ylximl a " i j ji ^^a-La-liVI JjLII ILa <L.uL.ii jLua.1 aJJ idMlaJI 

$ * ss 

Aijo Ojlc. ^.l-s'nnj -jj.nu.ng II dL/Lali lUuu (j-a (J jA JjlxJ tLlLa .4 iVnll 

jjAiall tjjjjjJI Jl - Poly (His) tails j#\fn.ijl dj:sc. JjA __j d>j*j ,j 

% s s 

.4"nVn\ “Llj.}xx JlLli. L2I jC- jjLajJ 2_^aJ LlC-jj -Laii^! jl lillj .IxJ JLaJ dj-s I 

DNA 11 jJI dl Jda Ajjoj LlLdl JLla. ^ya (jj.n’imjg 11 dL/Lall <aLdl J: 

1 g >||9 1 4jl~sll jJL iLLilllJ jA > >1 q ~1 jjjj^ll] Jd (jiil jjJI JAd ^Jj jlSi-a 

. (J-IxaII jjjj^jill <C.l H<->1 ^ Jj jya 



(Jalj did jJI (jc. (j jjjowill Jlxll j-nxill .lie. tiilli Jl jiLdVL 
Jljj t^^-ajLLlI l-i j% .all J jl JJaJI SjLa<axll J jl£ f.ljjai t JjfiAll LiLLaJI 
^U'u Jif-' 3 t<LLla. j J a . .-i ' <SliLa <li£d dll ana's (JSuoi JlC- did ^ j2l jya lilxil 

l$iliill ^-..d a_ia.jjj Uu> t( inclusion bodies iiUxjJI yL^yi Ld. JL) 
• (2.3.21 a Jail 1 dll Jail) ^imiLiII 1 g K >~>'i Jb (Jj>«-i-\ 11 (Ja.1 (j-a J 

jli i'o-lia. <alkj 1-uJ-i.a UllaC. (j-ajj dj-yl dtlidll ollc) <jLaC. ij-aidi JLal lil 



jJL (E. Colt <ij Jij <iijji]| Ll^yjSoll <j^ala.j) (j JjAll i qjd A ^Uaj 

La dlaJLua Jl ^Lid V jll 4ja.LLtll dll 'f'jJ.'H t21i .a •> ^LijV JuLi-a 
. ^i»JI ( J JjjAl <21x311 IJLLLal (JJ ^ya <aa. jll IxJ 



Transgenic animals and plants LSI jj aJLxaII dUldllj dUjiaJI 



^g.-auJ La ^Aj) dLulSJI j^a La ^ J jpa jja. (Jldll 0 ij Jl i—lC-Hiill ^JxJ 
(J£ jajii tjjljja. jl dlii Lai ( ^>al ^j2 A hh'i-sII LLLaJI J (JJiA// (jjpJLi 

AlAjI yjj j jjII <c.l n^ii (^jj|-s all) jjb«-all dLull jl (jl j)j*s II j-a <ajLill 4 _i j 2I 
^lilil (Ja.1 j^a J j2l tja2lj ^ nl-sll ^Jsl AS .(jjJI sLa <1 Jjlai (jllll 

‘<ijjal| oJl^j <aiia-all C A i jj (j-a JJc- ^Lijj I tojja-all dlliij^jjll 



Antithrombin-III 111-ALdl j'da jiijjj Jla tdliiijjJI oLa w dxj 
jlxdd i ulall j-o jydiall a 1 -antitrypsin llill-j^jll :d jiijjjj 
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^ya Lai jL. 35 JaLxj ^Lijl (jA*-a (Ji'S m'l yj A3j . djLuiljAj a— Jjl Vl\ lill^. 

^A3j A3 a jj-s <31 Aa_jl^JI alibi jj^JI (j! ^1 jJjIj La^ (L_ulaJI jjj] (J£l (jjjjjjll 
^ ic. ^Ajjo^. AjjAl) Aj_j ; ia. ^Llc. aI_j^s ^lljV ^aVI A_i^.\_iH L/LtA lib^ia 
aAjj tj.a^»ll ejj3 (jV aUa j (Jj^ja 4 " oAA ^3 jJ_jJa!ill t(j^>l .^juoIj 

J3C- e-lL ^11 AiLlal i jjl A. W -a (jLLalc. La& (jt ;_£ a] ^ . ala. H 0 jlajll 

^j-a . A q 1~W a alibi (j-a (jJJ 3^)21 ^Lbj A_lLaC. 2 -N . n’lb Aa1*1a]I djL-ailall 

tliljj-a ^asj j^a . AjaI > r-i"iaVI AjjjaJI Ajlilll I La^j jjjabll Ajlij JiLaj tiiilA 
A i».nLi s-L AaC.1 ji jj La£ tAjt_uiLuo djl^Lai^ b- AllU-iill A ja Vl A aK ^ual q-s ~il 
t(Jaj]lj iAbaa^JI dll 4 .a ft -lllajj Aiblaj (jj_)ib] 

A_a£ljILa]l All l-a5H (_palaijl ^^3 J'un i3 ^al Li ill ll^l A-ill^JI e-(_$ jb.a.a]l Lai . A^aJla-all _j 
‘La^.jjll A*jLa djbLaft (J ^a. A_AlS> djLa_jl*»a j3jj ^Aft j tAjjdiLall djbjj jj_lll (j^a 
I g"il -nII » <i Ajlib Ai^auall AjAjAa-a dllA^j tdjbill ^2 djbjjjjjll (jic. (_g^)ab ( _ s lll 

.Ai^LUl 



Ajladall ^Luta.VI L>a flUj) uUajjjaII t flUlll 2.3.21 



Protein folding from inclusion bodies 



AjJojj a A Iftl A-ag-aJ jll ^2 d il lij jjjll i— ilioJI AaLaft (jjliij La bllft 

A K i'ii j A_ijj*alt ^jjjjjjll A_ilb«3 ^-L^jlluil (_gl — (__gl ...31 A_iLaft (_}a3 l^llla. ^^Jl A3 jl.a-a 
A_iLaft .AjSLti JJC. j Ai^ia JJC. CjLLi^J AllA ^ oA_j 2 .j ^ya f.lAjjl 

35 1 all ^3 La^ t(_i^.l^>^ aAc- 4 j Ls-iYI Ig 't*jjh ! L—lUjjj^ydl aJ L xj^jiI 

L/Aj A3 l^xa a Lai] AAjl^ll U_?^ Ailllall jjc. lAjliijjjjll ^ .3.21 

Al,,L,2l t^ya Laai . ^jj^^ll (jjjj^)2l Ajl) (Ji.lA Ajj3Aai ^ya 

^ya aLlaaJI ^ (jAaliadl ^1 (^AJj Ajc-jj jjc. Jj£j AaLaC. ^^ic. alllAilifSI aAjAc- 

.^1 ilLall^ j)L>all (jjjj^jall 
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JSjuTi L« Uilc .AjLuLail ^Lui^Sfl 1 $ 312 CjllujjJ) sjbuuil : 2 1 . 3 J123I 

aQa-La jjfr 4jia2a ^Lui^ll 4jjjj1j3I 4-ilaJ| Jajia JS2 j jjscajl 4 j j2La3l alillu i j jjSI 

t ,_5 JSja 3I JjJall aU..,\ a> j * a. Ml ^1 , n-sVI ^ A-y-. d j U tl JilaJ! iau . ( 1 ) 4_i3aLi Sjjj-aj AiLlaj 
■lj> 1 tall (jjjjjjJI AjIIj ^31 JjAj li&j) 4 j1Xo 3I AjjliJI uUjLall 4-11 jV ^jlii l$-L ^jj 2 
(jjjjjjil 4jLu3a jjjxj AjjaII j 1 >alL j^J-a » ^5 * ( °/o 9 0 jjLajj 4 u iiij 

!j^ia^ mol 6-5 jl jii33l Ljjjj mol 8— 6 5li« j*an) 

fjj ‘ OjjLajJ CjVLaii ^jJc <_ij 2L3I (jJJjjJI *'-9^*' J^a- tji -(2) JJJM ls * 

4 3jH all csJ^uS'ilj JljUVI ujilfrlaLJ JfrLuw [g j|j AfiLual 

uUjI ill idiVLaJI ^jk -(jj& ^5j (_g Llijj (GSH/GSSG) ai-aljAltj 

(2>a Jj12j J5Li ^ 5ULa t4 'J"'4. a 'I ljjjj 13I 4£ j aa «' (juStU JjIa!) JjJ*j 3I (j- 9 a jUluil 
Ljili- .(R) lim33 4jjjli31 4luiluJI AjN-v‘1 sjUjj iilijj t ljjjj£3I ^Uj 

j ojlfr ^S3l j t^uiLaJl <>1*13 A jjJjjj) 4j|JVI J5la, <jjjjjj 33 ‘ ojlfi-l 4_iLafr ^iuu 
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(ji (jjjjj La Ullfr .(3) “LuLu h \ jjjt lua^il iiillSijVt J\ ‘ ajiaJlil 42a*djj 

dris (hydroxymehyl)amino methane ji .guanine ^ul jilts liliUal SjLJ 
^ jy ' » JSJiu i aU-.tyi ajlc.) fUafr j- jJjj alkylurea LjjjjIjSJVI uliluiaj! 

* 4J - ® (j jta 

F. A. O. Marston* “The Purification of Eukaryotic Polypeptides 
Synthesized in Escherichia coli,” Biochemistry Journal , vol. 240 (1986), 
pp. 1-12. © The Biochemical Society. 



4 _ s 2c. -laJxj J^3 (Jc-lij j& (JjSu]I (jV 

.lie- (jj£y (jl 4 J-N j lilli jjli A C \\ A iliaJSt (JaJ 

^ic. 4 " '1 > A'i^VI <aa.Ull (j-a c_iml y\; V La I2& j tA^llc. 4. gig-Vi 

jjjj jj£l jj LS lc. f. 1 iLVI ^-a o^yjSi (Jc-lij >., iD-V'n lilii (jV £joiIj JjUaj 

. j 

<ts Mljj) gj* 1 , Laj (jl C n*ll -lii 4(jSLlj .A \a 

jjc. Jl jV (_5-iil (jjjjjJI I^A ^ .il'il' * aliill ^^3 jjjy V ^Lali . _ i*4 a 

LiajjJj ^i£2l o-Ajj (j^-aj liilijj .Jbu 

i jj£jj -lie. k-ililll La !i] LpL-ajS] A_J jC*^a CjLjljaba 

jl (Jj-al jLa (J£juaJ A3jLa]l I^A U -0 ^LaiSVI CjijjJal 

Kx*jj ji Aj!«lJI Ail A_lo£]I -3xj J^33 

n nJall (j5Lball LI q^v 11" j l_£|^xj ^ill A jLaa 11 oLa 

. ( A, A.n,> ^ll»Q d)^Lt3-a ^ 



l^il.^.uailj L^kua jj j 4 <Ua>^UJI ujLujjjyll JLaIuiI 3 . 3.21 



Application, delivery and targeting of therapeutic proteins 



jliiel ^Ij (j^-aJ V 4 1 g .All ,^1-s i_lluiJj 4^alc. (JSjolJ 

l^c-llaluil j l^JLutlui! 4 L^jjjlJlj (jLuj l-AajJ^ "AjlULa" 44a.!>lc. (J^l_jc- Cjli£jj^y]l 
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Stability 



jljl 



jl jj-s nn\\ AjujLmi^ ^^A ^gA dsLlfj jJI 

dKan (jl I x >ijl CjltfjjJI jS-aj .pH ^ \)> jj\)g " ^SJI j-a AijW^ ^jai jiajxjj 

^_.k^y') j-oC- J] A^ljJaVlj tlgJ A_i^.^L-a SjjS Jj (jJjj La 4<U jfrx.uJ LjJ^. 

c—u-udj j g l*-aV I j S -IxaII ^3 ( ^jjj j jjil JUM1 *. * iUii j ^liLa 4 jjLaijV I ^**i> (_JI j jjj-^a 



^Jjjj^jJI JjkllL ^jhVi I g * nj jll j ^Jl j-a 4 >.<n\ ~\ i? i»ui IfrLa (j^ilV^I AjLoc. 

jl SAuiSVl (JlJ (Jj-lxj IjJ jl j£ l-oj A_J cL^ll^j jli-\ Jl AiLjaYLj . .\lS\l 
.Ljajl Ifrjjj^j gLul AjJJI Ajn^Vl I g x>»l xi^l Jjol>Luj Jc. ^ J j'n nj jjl aJojIj JSjoJ 



A_±ujLL< 2I CllliLja-<2l jjjla jC- A_ii}jjjj]l jjalaxll A_i^jL-a 6 jjjai^J jS-<u2l j-a 
(j^l-i (_£ j)J^kll Ia jaC. L Qx^ra^ A_ll2aj C!jV jl ^ ^ jl V] 4 A nj^VI jial <a^VI jl j£jj 2I (JLa 
jC> Jti*jS]l Jj-lxjilj ^lLaJ>a jlS Ifr-oAlj 4 I Jj.Wxt ULxj jVI (J^. dlflV ^a_udjl 
c" ll qjlan (jklj jjJ jj2l Jai^. jl jJfri . (J jfLJ-C. jj\njV I -^AxIaj jjj jjjJI Jojj jjjla 
aAjSVI j^xLo jjqI jj (JjSj La 121c. jll <Lla AjjjJ jj Aijaj 

j-a il . JadA^U SjfrLa JU-ftll I^A ^9 S.lJ.1^. AjjlLa ^.laj 4.1 jV jSJjlSI J-lxla jaIjJ 

$ 

La-o 4C_alid]l jjjla jC. S^xaII ^^jjjjjdJI (J\Vi\l j) C- ^J-21 i^K^MI £J-a jS-a-<2l 
. ^-ajJafrll jl g Jl ^9 jlij jj2l Clj iLcjjjlj <jJa jx>^ll Aua ^LojlLo jjj J^>JI ^ . U*i^j 



Ways of application JUxiutf! Jjia 

V 66^C.la^J .C-LJ] L-12^ A \^ 1^11 Cjljjjj^ll JjjJI JaxJI (jj 

(j-c A ^ t.A \^ I (jl Ajjic-VI (J^i^ (j-o j^ixll ^l-iij jjioJ 

Jljill (j_^J <»— a_^uj . ^a-lll (j^ Ij^I^JI jl (_^^*-a!I ^jl^-ll 

jA (jjj jjJI '— a^A (jl£ I jj V] t a*mJI J L-fll£ JJC. A_il£j jjJI Ajj^ ^ 
CljljU-aVI -la.j.JJj] Jill 4 dll* j j j jjlll aJL^. J A-uiij Jl 

jll 4 j^LloVI j j^JI CjIaJ jjl II jl.g-JI jl 4^ Jl J J j..uSj.SI 

(jjjla jc« A, iujj J ill Jj«iVI g- 1 J*a.C» j (j^-^ V 4l^SA j .^g. 1 ^x11 ^\x^iA (J^ ^C.Lujj 
^ iliAj • ^aII (^jxa ^JJ ^JjJI (jjjla jC^ L-JjjojJJ jl jk^J jl 4^ 4 JSI 
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A ]~i i ul jj (jjJ JjaAM HiLa) AjjA/I (JjUj ^ JJSJ s^C-lj i." it g % jj 

. ( jdLrall (_jt >"iTn A1 A Li , ul (_£l) (_£ jLuixAl 

4_ujiJ| dliujjJl plialuA 

Immunogenicity of foreign proteins 

l^jl (_$l) ^^C-Luill (Jxall Jlj (jLaA/l ^glc Ajj^iJI jjjj 

AAaLLal j ajt >J*i.aH ^t hi-nVI ^3 j La, 1 1» 3 . ^-'.*.:.a ...o 

AjJtnJa jAaasua j^a oj_j^Lall (_£ jlVl j)l (j5L-a.) LoS . 4jC.lrall LALiJl 

jjjiSjl .lldal! jl jj*vA ^aEVu Al ^,‘l.aJ .33 Lra lA».'u'iuu ClAjjLa 
. (^UK CjLjJj^)i]l ^.iVnai LaJlic. i_JjC-^a ^al ^ LlxiLA I (jl (jji. ^^A) 

CliS _jll (jaiii ^j) i "it 1l"j^)i]l ^Luluil (j>ij3-s"l\ A » i".all (Jjl^iall (jAi.1 

4«.Lall ^3 A l*s \tn djl^al_j4J LLI J A_f\ _jA | ^ . ,i ~s 11 ^3 lA^aC. (. ^ . -n 1 AJLLal 

^C.Jj ^j]| d il n"l j^j]| ollA (JiLa .PEG (JjSalc. jjL";V' Jdt-Laj A .A -s e JJ>^! 1 J 

S / 

J£ ^,-iVn.n t Jtlall (jLii sA.ri.llic diAjA ^sVL.n 'Peglated proteins" 

■llj.ll.a .1 Ja_jj^a]l f al"n.il jittjqll J (jjjj3jlil — lalVIj jlild (jJ (jjj^jjjjLH ^ajjjl jH 1 

PEG-adinosine deaminase (PEG-AD A), PEG- JjSAlc jLALl 
(jjjjjj^l o=>aj ^-Lbd interferon-a pegfilgrastine (peglated G-CSF) 
>Ci Jtnll i _ s lc. at >^ijitl ciAjjSAI AJs j i'Lurjjjall ciiLL^aLflj t jliA 

<u^!i*AI dLLLjjA ( jlc' AJlal 4.3.21 

Examples of therapeutic proteins 

(Jaaldj (ja . LL2 Aj^dLoil A >\ v i, * 11 djLljj ^^)L1 j^J "(JjVI j.y^. 11’ jj 

j^i 4jed^aua A \ A j jj Lj j3l ^A i A it nLll LjjLull 4 a il La 4duj ^jJaLri.1 

'ijaiwAI DNA 11 dALAdi jjdd jVI (jArall jys .dilliiAl Ajlala AjldLoiVI (JLA 

(Site directed mutagenesis) ^jAI ^ <i.jAI jAkill LL^.1 ^ CjLjj jj ± 11 

ja ^A La£ tAj^dLall djljjj ) ill jV 1 ) 'CuaALfl ^ } nil ^ jAaJ dl 
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LhLyjjLLa 43 jjJall is jaLmll Cjli)jjj 2 l t _ s £. 3 j - ‘ UJjjli// <LuiAlgj l^sjxj La jAj 

^^^x^Caj-a jJJ ttC.'n a 4 . ; LU,al jCaLaa .1 CllYLaj J CjIjjxjII jj-aaJjj . (MlttGlYlS ) 
laJj (_£ja_a jl j£^J La£ t JJ^ CllLLuiLaJ (JLijI jl i-_i.la. Ljajl JaCij jl jk«J 

^ 3 aj .(-LlLuj^j CjJL i—'l ^L <-_sjxj ^jll^ jj"' 4 . * jjj jjj] 4 j J (jlaLaa .1 dsVLaj 



(Jlla c4_jiiaia AjLjlaj jjj j j 2 l j^ajL^ais Ja3*j 4.u>a4 4 in. jl j~i.nl 4jjlLa CllLliill c>3A 

i a*'! L Jl jl cj JH AjJLoj (JjAIuiaII JaLjjl J 4 _ic- jjll jl iVI jl i 4 _ljljj]l 

Jll CjUjj jJI ciiL-aj jS 3 .(Pharmacokinetics) Jl Jl CjLSjaJI J s JJI 

l - 'I ' J jjjJI (j-a "JjSl JjJI" JL ^aLiH ^ I3J lia J 1 ft jlr. (Jjj^aaJI 

.4_iJ>btll 



^3 4 q j h Jl j 4_ilull jjj 43LLLI jE. 4_llLaJI 43j*-all Jl _jj V 

JijjJII JjoiLaull djljailill jijLj jllill l '&AA j£L ikLalifLa JJC- Cl ll n"lj j2l 



^3 cClL j^a J. Jl Jic- .4 kin 11 ill CllVl^JI (_pa*j ^3 VJ 4 _L> jaJLall 4 > Ail .,n^» ^3 
Jal _jat£ l^alaVnul jJ j.a J 11 “LjClLa CllLujjjJ <1 1 .n' J dAlaJI ja -ll 3 *JI 
Clillijjjj Jc. (jjalj Lilian 43 jjoAII 4 jjjaJI 4 jjjVI t. LA Jl ja. <LILig 3 i 4 _ijlc. 

. 4 _ijA/I £> 3 A ^^3 Jlxill ^^JlLtll jj^.all jj 3 a - lx L 4 . .1 Vig ^ 

(j-a "(jliill JJI'J "(JjVI JJI" J& 4llaVl jpaxJ Jj Lu3 (jla^)*jj 

4 jjjjjjj]| 4 jjJ^I 



Insulin 

1 i_y> (_g^j^ml\l f-lj ^3lxj ^aVnuJ (jj-a^A _jA (jj 

. Jl J jj£ Jill dllljlaLa J o^yjllj lull tSlljj 1922 alxll 3ia 

J=ulj^)J (jinx j\l 1 2 . .nx j ( x_* JajjJ ~il"l Jllll dlljj^C- (jjjLaalui (j-a j2JaijV! l illll) 

La£ t ^ n-al jln^^> 4lLaJ (jjjjoiE.j ^ JLa.j A 4.1 > .lI > all .4ajljj 4 JjjJ 

4^Jl*^a (jJjaaijJl (_g j.)n,ll ^jjj^alill (jAiCaliJ . ^ 1 j 2 jln^n, <ULaJ B 4.L,aL,a]l 

4 jjIj 1 . 4 .L.. 1 L.. 1 II JjUxj c all mil S(jja 2 il J& Jlln; ^ill jJijjjjll JjA'lllj 
jA La£ t(jn\“i\.all (jjj JLajlJI (C-) JjdfnSl JJJ^J Jl (_^3Jj La i(Jjaju'2l 

.4.21 JSL2I J ^aCaj-a 
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j! (J-g ^JjVI Jj£*JI (JiL^ 

A qVl^xtll Aju^VI ^jJaLo^VI AjaiLai ^3 CIjVL^I jj^ x ) (-£ J-^zi (_£^ ^J^lj.^kll 

JU. ^3 j^*a£U fi^LiJaA ^Ijui^I (Jj^jujJ ^Jj di Laa t^^juoJI 

^jUn-c ^jjl^-uijj ^IdjJ ^ c^-dal-G]! L)^ dj' jnar Un\l ^3 . «1 j«1a1I aJLgxIIujI 

(j-o 30 aJLqj Jt.\nJ JiLk (j-o (_^jjoal! (jJjjudjVt 

Audi A j\aC- AJ^jujI^J dllij C(jjjjj^)j]l A-ILgJJ ^)J^i^JI ^jj^juljl ^G B ^UjuJjuJI 
^jJa^All ^-g ^IjIgI! J«1xJ! \ua\ i^j £3 j .^Ijjj^)JI djl-GJ^jlj a J)^ a Ajjuiii-aj 

(J-g Jjl3 dltiA (jl£ (1000 l£ L>° 1 es - ^-^) U^J^V' U^' 

A_lui AjJjolJ! Si-all j jA A.11 .IUaJ ^jVI c 5^>^ (jl J1 ^jJ^jaijlj ^Jjjll! 

.(jjAA\ ^jA ^jai£>U l_j ^jujLgII a_l g aJIAaII Ax u^aII 




(j d j AJjUl A \\\Aj\ (jl aLa^M JaaIuuj :4.21 JSAJI 

(j- 4 connecting C— JojI jft .win ft JlaJUL jiaAUft .^jLuJVI 

(jdluala ^jdL-uluj (j- 4 <— alj-a Jl*3 (jd I jaaj) JpUaV AJjL ^ j cAluiluift < a\\,«\\ 

. Cajjaift Ajft n JojIjjj 
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VI (jial-A^VI ljV-uAuuj AjjLLa .jjVI 4-LjL j 4jujajj LjUlulua : 5-2 1 JfLuiJI 

4jLul4 SljjIj-uiIj (jjluiil jj]j^ujj| 6 JjVI 4 juj-uJI jj] j^uV I t**^ V**V A • l£ J** 1 * ^ (J^>wuVl 

J^J^I 4 Jjjk (jJ>-ijVI 



4_i1a*JI .L-jjjujLJI (jJjjaijVI ^■Lij'V CjLj^kjjl jIujI S^c. ciijjla 

(Genentech s. WiaII Aijn) c4 VuaII a£^joJI Jjs <ja ci-vL^j Ia£ 4_i joLaaVI 

4 jjj]jii]l B j A (jjM jaiLoill ^jc- cine.) 

^aJ^jl jl jli jAJJjjll jLliiluJ ^aJ^jl La] ^'NA.VlA (.** )\ \j\ Aj£^JAj^y\ 

La^U.j1J j B J A (JJjluAuJI ^Ac- 4-1^-uaJ ^ajaJ La-c . ^1 ^Jjoj jj£V L*JI 

^jJajaJI ^jC- 4 ^JLxa1I »1xJj cij^jc- . ^jjAL^aijA (jjJCrj^jA <ja 

\W La^ a/IX u (jjjL-LJI JLjj ‘(Cyanogen bromide) jj^jjUJ 
^ jj.nr.jll ^liS i(_£ji.l “UjAj ellULaC. Lot . JiLuuSLSl -1 jji£,U 11 ojlc.1 jj 
cp ( Saccharomyces cerevisiae) "a jj^l j' C^joiVl ^ kj0A' ] 

l^jl^jLlo jl ijjljjoii'JI 4jjlj (_$\ ‘(^^jjSajSI) ^^^Jjjjjill Lljjs. ^U-oxill So 1 . >i jSI 
jC. liiSj Jaji jSI ,\nij ill (Jl jj i." 11 -Si 4<Jajl J tjli^ Aj.lil n CLlCiuAujJ ^jJaJ Jill 

.^jjjjjjSI Jilslllj (Jl ..oTn.iVl JjjjSa 
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_^A Aj iS U^_9 JJA ^V^ ^lij^)l (jl 

(jJali^jl (jj t(_jL<Jljj . ^IxJall 4_i^. j ^j-o <Li3J 15 (Jjfi 4 \$"\W s-UaC-l c . v^j tilli! 
cilljA <^11.11 iLlSLllaj L_J^lla-a jA La-o ^jj^I fi^JaJ 1 i.J'iji jA ^.lll ^9 (jjl^jaijVI 
(jc. Al^lj jj£jj]l 4 nli ill j] Jill jJ^VI j!Laui Sjljj (j-o 

.Uljj Jlxill ^jUVl J ^IStf cPI J) ^IJbJI JLill i&ti ^jiUI Cijll 

<11x^11 jjoijVI CljUjJjd-G (j-o ^14^ pLij iS t^jlxtar \l fi^A £J^)jau]! 4-ix_Jj 

(jjj (j-a _9 . (Jj)\*s ^9 ^^)joi! l£5La i i£^-P 1 g m AjjujI AjoiII (J1 5 /mV I (j! l“ n*\ Ij^i^. 

(Insulin ^jjJjmijJ j^jjjl :(5.21 (JSjjaII) jjStiSI ajujjjj cI^AA* 

— j-<ull ^J-alC' jA j 1 jyjj Ja Ja,| jlall jj j. xjYL Jyl4l C- j jaJl ^laJ ^21 ilispro) 

Jyy2 JLU. jx t (Insulin-like growth factor-I (IGF-I)) j2 >x2iL a_x2I 1 
Insulin ja/^uu/ <jj _^L lx/ j $B29j B28 Ajjy-aVI (jxiLa^YI xjYLxj xjjjjj 
■ 212 .;j2jj2l jx Ya? B28 <*ij2l ^ jja. jlxxVl J&. isj^i <^21 <-aspart 

Pi jP JSxoj LijIjJ aILLs xjLjixx j2^xjYl CjLIu^jx jx jLl2a2l jlL& jkxj 

SjxLlx ' ^ Va-N. jjx5Lax.II jx Ij2Aj t ^221 La&jL^jl jx JJai LgjLaxiaJ ^_il! Cjljjillll 

(Insulin jux j 2^ utAj^yi jyj^L f 1 1 l sj^ A$a. u- 4 . ^L*_l=21 J4 
A21 jjijx]l jj^jlxxVl a 2 J^ilxl jJjxajV! jyLjyx ja j) glargine) 
aLxL2] AxLjxS A jLg2l l _ s 2J jiliaUial j/'J> j' ^Lai Axlj a a u>al La S t jiaaJ^LiJlj 

j t^ c “ J jli-a AliA ^3 ^)xia^lijxx j : 1 j2^xaj!>U AxlxaxS ^B 

^»3j] I (_S^ jy*^ L 4 a-lxojjj 2aJI Cliax jkax Lx. Vic, j c4 pH ^ l. 1 ^ JJ L 1 ^ 

jx lyjxuj dulj Jji*x ^S^jy Lxx .(J^iLajL/l e-^j-Lij Laxijix (_J£2u3 'JV \)£ " 

.Ac Lx 24 jAx 1> _ 5 ^C jL^xajL/l ^xaL-Alxl 

Interferons ‘LAjjjya ijiWI 

jx i—klLjj tAiL4u£l cA ii8j"ij>hII jx l Vh^i JjI dAj 

^gi L^x3 Lxj tAxi.^ jj2I CjI jjjL 2I jx LuJ j Li2a CiLujjjj Ac jx-s x 

jiixj j2xj jj l ^xjll ^ . Lv. j tAxclcLSl Aiila^ll - ' L V. $ i , " .1 .- ^ jj Q ^ ' t orJ . ~i ' 

.Laic j tLluj tLall (jjj2jjjL/i ^gA jLxiVI Aic jjjyijLjVl jx c24jIc 4j!4j 
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Interferon - a 






Ull - (jjjjajijiU Uil£ Liya. jl tliia. 24 JaVl ^^ic. ‘(jGajVl (^4S i_i^>*j 



IFN- j IFN-a2a (jjjjajiiVl 4 jj2L2I 4ijI=c 2I Jl£2;Vl yjCa-ij .(IFN-oc) 
(jila (jj^ya^yj)" (_gl] 4aLa*aVly t^nJ (_ysuaa. 4]LaJ 165 ^itil LoAVI^j t(X2b 
2r b-=ul j t(IFN alfacon-1) consensus interferon "<2c- 



(j C. A Ji ~1 ] .V I <*^aLaad (Jj2Laj -la' l"n J ^aJ ( LS ll^l (_yzL02L 4]LaJ 166) (jj^yajjjVl 

J 

(3-a (sub-types) ClAJ^iba'i oAxj C1 j!>LuA*jjj 4J^jULq 

I jj^VI Ajn^Vl ^L^Vl £*-ia JJ t ' ;»j ifi aJ _ya. _ ja!I Cjlj jjya jjjV 1 



a J>\ >.n.a iL-caa. ll]l~(jj^ya^yjVl dill <aj . A \ n ,aj/ I (_yoLa^Vl <luil>,n ^3 

^Vl*J J^a tdlElj tAyc-lxa dlV-i*-aj tlyVlaJI jjl£2 a2 ksiaj t CliLui jjjali 

a3u3c. ^-Ijjl 4al_LjaVly i(C jya \5H i—jlyj]! Vt!la) 4yjaij^ya]l (_yal^yaVl 



4sal^ya]l “Caj£jLuij i(l24iJil a ja.2.21 1 M ]5^1 Vt!la) (jllajjjJI jya 



L£ .(AIDS-associated Kaposi sarcoma) 4cli2l L> ^ 4*jVtia] 

.(PEG-INF) (Jj£j51c. (jjijnij ^jJU <jjjLa (jjjjiljJ JUi li2.ia. ci2i.2 



Interferon - p 






I jjjS 4222 ^.ly ja j ^Fibroblast 42211 cila jjVI J2 six. jjii 
41LaJ 166 j)«a LCaJ l_2l!i) _^3 tlilt — (jj^ya^yiVl (_yaLaa.Vl Ja2xaj ^3 

^SLc- 421*3 (_£-1 jI La£ t j"'l C'U j i"il .„jjjal\ ojUja-a CjIjjjIj (_£.1ijj t- ^ \; 2 jiaa, 
giy .(Relapsing-remitting (Ms)) ^Ijidl ^121 3i*lA\ 211 i_iL^>2l 

Jajlaik ^3 121a. 4.x^n->^a]l 4jj22l ([ FN|-[1) l2u — (jj^ya^liVl ClllaClLa jyj jys (jl2l 
e_y!i£21 jj-a 4j_yjLa 124a. ^g3 22121 ^iilj ‘■^ \} L '*>" jiluixilgJI (jlajlia j-a 

Sll2i,i (jLuijVI a ^gilAall <- a '"'' :v j “Cij ji jail 

tljj — 421*1] 4lia2l 42V I (jl . jj 4 ]aj2ji 2I 17 j*ij-2l j f' . ay . 21 

.4a j__>»-a ^yc. (Jl jj V 1 4 'I. ^SLc. ^a 
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Interferon - y Gle- jjjA jiiyt 

lAli. (Ji2 0111 jAj jjj^jjij" ^Ll <ilj jLil La llSlc. 

lljjia: ' g jl Lii Laic. ~ jjjl3 JliL/i (J.I 11 • Ia jjqVl -1*J A_ljlllS1 (jLuii^l 

0 -iallll .limit .UaiLa (Jjiajj .lill — j lilt ~~ jjJl 2 jliYl ' L> lull 

. (Jj j jSLlxlll LlLjalij “Oalijn jj£L jl j4xu ^jiill ^ lj.at j^suaa. ^LaJ 143 (jic. 
(Jiail jia_l 4jfilj (lilt — jjJlSjiiVI (j4 Ig-i-a Jit CllLaijjliil ojlijault AjIL^i 
. L-ll < 1 C-Llall 2 <1 ■v". ,'Vt ' 4iiLLtll dlli LlLLiJI j-a Ltaailj lc.jil jlLalj jujj 

41LaJ 140 j-a laljn) Laic. ~ jj Jl£i .J-^V ^ O' 0 i— JjjoLa J£ii jLalC-l (jja. Lai 
(Chronic Granulomatous (>>41 v __liiiLI ^ jjlt *ta r-LUl (^^t j^*. 
jiui£j-all (j^aiL/t ^ o- 3 ^ Sj^li <41 jj 2 Jla. jAj tDisease (CGD)) 

.WL1! LLLLll 

Erythropoietin Jj^Vl cist* 

u 4 jjj ja (Epoetin-a & P, EPO <Uli-j Liii - jiijiil) J j^YI j 4 j£a 

^j jjWlt “U^jn ^ ii£ll (J£m . ^giial -ULaj 165 j-« jj5l) 

^41 CljljJaLo ^-al Ae j ) ^ a EPO ^ a\ \ j . Ale. 

t£UJI j-c ja 2 J CjUjSII 3 * j (Haematopoietic growth factors) 

^ .,^^1 ^LL^\ J (CFU-E j BFU-E L^Wi J* z \U^a\\) <i!UI 

J>1JU ^‘tVlnllj Ajt JJA jJI L£)Lk 4 XtlVll ^3 L_ljAlLa]l 

^ j ^illll! Jj-sa^ll 1 t^ijl A-iLae ^2 CHO ^ 

^j-o SA^l^j aEuLjj ^Ae EPO L£ S '' ^ 11j JaLu^Vl S^j^)jAai ciilAj 



0^1 j*Vl c > <c. jiLo ^ j chronic granulomatus disease (CGD) ^jjll 18 

4alc.lijll (AjU^^q Jj<; An ^ 4jj*_L-a 4_iC.lla]l t> 

^gjj 4 jL ^ 4 Aj (JjS ^ 4 -a 4 AAj-u-ft]| (SLipefOXide . In t iS VI (jj 3 Jj 4 ^. 1 ^-oAIj) 

^^3 A 200,000 lE° 1 c qa o 44 xlLa ^.LiJaC .1 ^3 4 JJJi'v (JjS >>i‘i 

.^Ic. (_5^ c< 4Jl^, 20 (j-aiLAuj AjUV^i 
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A )-i (j-a (Jjoj^Luj Cj^j ^ Ic- j t (j.)> 4 In/ijJl Clil^).laA 

^jI^aswVI ^.Wnnj . Ajj)j*s\l 4_illxi] Aj^)j^)jJa 

(JLc c^ 5 j ^.1 CjU )WnJ Lisu ) j jKil ^^11 jia CjVL^. ^gjAjji\ L^lc- 

<Lgj 3 (.*’ j ( ^ 5 ^,^_C. L-J^joiLo (jjj (Jjl (jJJ $ ^gjUa^joill ^3 

jVj^ (JjA 1 J) 

( Darbepoetin JjjjjjjjjIj EPA u£ I ^2k J-Q AaIoI -ill 

(j-o j t^j^jjlnSlj AJaij^yJI ^)£jJI CLl> L ila (J-uj^Luj ^^Jc. (_£ jl^j 

(J^£-g .Innil ^jojLujVI (J5u^ 11 4 jl9I J A-i1lgI ^^9 dNI^iiJ 

0jJJ_jJ g.A>.»Lj Lm ^.lll (_)x<sua ^3 ^aC. I q • .n ' ^3 (Jj-lalill IjlA 

.JSI dile.ji. 



AjuxaII jjiajJl Lj^LLSI ljIj^LLuuj JLwuS J3xa,H JaUJI 



Granulocyte colony stimulating factor 

(G-CSF) 4 ij*\ a\I (J^>j;\ 1 lAliJI dll j„a«Jm.a JSjouI jq-s .all (J-alaJI ^ Ain 
lALiJI JyLajj jjl£l) _j3Vi Ia.ll] AjjSmll ^-ajll J-al_jC. (_ja l tim ^Jl Ldajl 

Aldaull ^1 lALk (jJdlul (Neutrophil 20 precursor cells) AilUl a1j*1I 

^jUajjoill ^gjl IaI^II ^N *13 (jjisl ^^Adal lW-*^ ^'l*s“u>ij _j £3 bUil .4_Skjdill]i 

ji z 

» I > >i,i ill fA\ \j£Ll (jc. ^Ull (Neutropenia) diV^JI <S ^Nc. J^.1 

^-lidll d££ ^Nc- ^.iVuiij La£ .lAlill ^Luill ^IiajSLII (J-alaJI jjjIjj 

*b j ^-UdSI ^ jj djliLc duaj ^ill (Myelosuppression) 

(Aplastic ^-sl.iViUll All jasj oUJI ^31 (_>bldajjl j t^j-all diViill <ls 
/.li -Al ^ a^ll Aliiall AilLuJI IjNiJI Jaj c> Idajlj 4 anaemia) 
^3 d ’ jA J3j . ^ ij < il (_paA^. aILoj 174 ‘ iSj ^ (JAxll IllA (jj 



. lx jijjaill ^ CjUu^. ^gic. (jjh^ * >»n Li!)Lk iGranulocytes 
. 'm! ^ ^ 4j^l*!lx c" il » n^i Jais l^jj^lj Ij^-^ • NGUtTOphil 
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qa (Jj^^fLiliJlj Jajj^-dl £(_£^aJI La] (_£ jpVi dA-SkV^ ^^joJI 

J ( Lenograstim 21 jA) Aj^Ld' CHO o^u* 

itgjli A-i^lc- A-Jl*fl ji j t (Jj j j^jU \L jjc. jAj (JjpJI 

trt ^) Aj^jaiLall A-ij^l^ll LjjVbJl ^Ja-ujI^J jiiij 

4 a vVi^V) Ajl^ill ^ AjaLiaj jjIlq <JUj JLill ILa cdiLaj .(Filagrastim 

Jailed! (J5 u.aiII ^)j^Iaj i$^)^ AjLc-^)^. J«lC« d^j-oC- L Qa^i‘i AlUaj 4_iiuj 



Pegylated ) s^j-dl I La (Polyethylene glycol) uA$' J 

s.n*Sa cA/LA J=Ajj tlua. iPegfilgrastim ja j t(form 22 

•G-CSF f-(jj=* £-« US jUA Jjljli jjLiiVI 

Tissue plasminogen activators ^.-vuAil A>» A&Ui* 



^a (Acute myocardial infraction (AMI)) sjUJI A^AI yl 

(jim-sM A y j] a II Clslg-s. jjll ^.Ij . i_j^)ill JjJ In* a ^_3 Cl) jAl ^ ‘ y 1 (. _ nmAI 

dcAiia ^ jSj .dll jlaall AlaJI dLajjjVI ^I.Wu J jA ajlaJI 4_nlall <aui]l ^^le. 
^Al cjtkill JJC. (ja^^pUll A ^aJ^I “U-U tJjW') 4_lLaC- jjqVn Aj>s 

^llalluU .Jliill (jJ^j^lAI _jl_ii jjj ^aJ^jl tS^) “d j^»jl ojjAI ^JS (JjaJ 

AAA dcA Jl a A iAI jjc. ^Al dl jiii (Fibrin) (jAA ciiiA J (jj^JlAI 

1 .■n'sl.a 21.6 (JS .all (JlLaJj . (_£_j>sAI JaAl (Jad C n-s \ A A *1 x. 

. j JcAl (JtlilSI blrs A 



ASj .AtllJ] (Jaxjj l_jjjoiLo A n-v,a\l j&j iLGFIOgraStim 

.Graslopin diau Jja 

t> 

SjIc. <_J] u^/uV ' JaUjjVl aoLoc. :PEGylation 

^aUaill (jc- ^jjjjall jl ^jl aAaxII aJl^J (JJJ jl jUic- 

Alilljij (_ 3 J^)Ja (jc. ^aII ^3 e x >11 ^‘N's ^j^>A All 
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Jjlaj 4jJUi jjiaj 4_uajjjdl jjJuj . jjjiiiil j»lfr kUA. * :6.21 JitiJI 

.LajiLJI uUaAoj 4jaj)u/i«" (jjjjjjJI 




reteplase jilujjjJI j <(S) ateplase (t-PA)j5Lj2!U AJjSfl iml} j :7.21 Jiil) 
‘fingerj-tua^l £lLa t F :^a AjjjjjjJI ^te-UaM .(^) tenecteplase j*' 1 j t(u) 
kringle- 1 £lLa iKI ‘epidermal growth factor 5 jJuil ja! J^te ^ILa iE 

jA iYu ^ j^LujSfl Jjj jSjiULIt AiLual Clu . jLujjJI p Llafl . P ‘I 

S L«£ 4 Jj j AiLuaV (jj*i _p« JLkj| j»j Aa2 J^LjLujjII L>1 . J^Ljjj j]| ^ i—iilt 

.AAAA j JjaLjI 299 296 ^ * jaJl 
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JlcLI i(Ateplase) jpliiiJyi) n.nSI j^jLbll 21 JkL> ^nv L.n 

t (Ji.-i.aH ^>a2l ^j-aC. I <>«-ii .4\"l.a"l ^jill jjjjaxill CjLuJj^jJ Jl AiLiJaVlj i(7.21 

> s 

ji'i-si j tSaUJI Cnlall V^LSI r-LLc. ,_j Thrombolytic ajiikil VU. JJ ^*£ 

oCjjVI (_gi ^21 blVi jl 44.lC.La2l 4"iC»illS, VUc. Clllj (jial^al ^LLtl 

LLI s jj^ioll CjUjjjjJI (a o^jj .Deep-Vein Thrombosis (DVT) VLuVI 



VI jl j-a 0 jU jjjjjj jAj t (Retaplase) J^LLh^JI ^cjIiujaJI) 

"JijjjSirj t'EGF-like" "s jL 2 l J 2 ^ 4^2 j "^yi" cjULLij 

4 Jj j jS2*JL Jaijj-o jjc- <jl 22 i(j!VjjVl) t-PA — SI jkSjjj l>° "Kringle- 1 " 

Lai . 4jLlJjaiL/l 4_ilj jiSI Ljn^'SI 4jajall_jJ aJ j2l 4^Liil ^jll C_J*J iVSjj 

4 _uxai (j^aLa^i ajum CiVLaj jl, 'in.nl Lg_i 3 ki 2 ia i(Tenectaplase) jXu^lnJI 

. I g'ljSLaS jjj-akj 4jiu j^)k.l 4 ;n.al ^u2 a-.L 

Monoclonal antibodies VxuaSI Sju^j SjLuxJI flua&l 

4_iaAl*JI Cllliiij^jaSI (jx j2L/l ^i.aflSI 4 Sn.nSI o.lia.j o2 >>>21 ^LuiaLl/l jlLali 

l_^_La jac. (jjjjjjii ^^ic. Vaal _ 5 -V 1 elbaJ 2 j >t 5 jljj| Jj^kill jVl Va.lVhu2l 

> 

Vjlill VLoiill S.lia.j e2 >>>21 ^LaiaAl ^.'i'sWi tlfrC.l..uu.>.ul 4 . iimi .(4.21 jj-laJI) 

Vj ankll SjL>Ca 2 l ^Lotaj/I ^Wn jaa.. <^3 4 -La 3 4 >M V'Vi . J CjVIa. ^LLdl 

J^iLaSI ^LL 2 I CjLLaLoL ciui.) (Humanised) V^yVI J (Chimeric) 
j >>> all ^>>uVI jaV ClllLill j I Wall jSuA A-a ja jl j2l ^ 2 jL>Ca2l ^..iVI jj^. jx 

ScLCa^ -lUJ I 2 A A ^ n .2 j2 u213 jjjCaC. . I g 1C. jjJl2 ( jLuuVI 2 

gLu.i ^gic, cl jl n-s SI cjLlaj ^1,'i-s'nnL Lai 4 (Humira Ij4aa jja HiLa) V^cIj 

ojj^-a jl jja IacjSjj jc. j t (Bacteriophage) ^Ull ^jjja 

^Luia-VI CliiAjj AS . jLauyi JUc. 4jc.llLaSI (jjljjjiill C 1 n-N ojakca j^au Liiljj 

jjin ii^a^ll JLa) jUajjaiSI <a^alk.j jc. VLuAII ojLCsuaSI 

^LLjJI J^liVI i-il^iSI j t(Rituximab ^jLa^jiijSI j Herceptin 
^frliall oCaajSI CjL/U. ^ij (Remicade ilxajjll) Rheumatoid arthritis 
.(Zenapax ^LLjjj cSimuleet c_i<j LAa) j-l jcjLL 
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Fusion proteins cjLLjjjj 

^L-al \ \ Ig.jJaaL.U Ai^Lc. IgJ (JjjJ 4-iiia CI l^ L uiluaJ 0-o.lJ ^aLiill uj 

^A ^ <S!LoVI j . ^9 djtaj-a] \ * ay <jl 

d^A ClAjLIa^jaJ ^_JJ^)^ll]l ^9 La^VuM^I <JjjoiLa]I A_AC.L1a]I ^ j-ojuJI 

(j-0 A-jjj^Q AjjjoiLo dlliij J jl LijLiaJ^ 6. Wm Cllllj^^. Lg] ^A ^a JfrAuill 

^Ua3 J t ^ AiJaJjaiAllj Lnjj ^lill jLja-a]! ^joi^kJI (j-G c.l^^.1 C_i]LxJI ^9^ 4_ilaJlj 
A j\*s \\ aLoj -J ^LoJlSI !)LgI£ ^jjj (J^j 4 -iLgC- ^3 Jalijjjj (JUlijl 

^uill j\ ^ j-gjjj (j -0 oi ^^.Lg A j ClAc-1 W*i^ 

C . VNJ ^aLaJI (J-gL*J! (jl ( ^A . LgLuj A-u\ \ A^f\ (J-gI^C» jl l-j ) J * \\ 

A _^. ^g]| jl_jJa-<JI ^joi^JI ^Ua9 (J^L^. ^j-g SIsIIaII LijUa^jjoJI LiL^JI <o <■ V)g*n*n <jl 



Jju (Jj£j (jl C . 1*NJ 6.AA ^Ic- J -0 Cljl JjJaJjal 

fj^jjlx hJ <!L^. ^L^JJ IjA (J^nlaJ ^aJ Jial . (JJJ j^)2l (j-a ^aLoJl 

ijjSjiiuJI ujlc-lLa ^lajjl ija (j'j£a jA j Denileukin diftitox 23 

13a .jUiJI t(Intclukinc-2 (IL-2)) 2 - (jjSjljijVI j ‘(Cytokine) 
^Ja-Uj ^Ic- ^jl j Aic- ^axj (_£,i]l IL-2 II (JdiluiAJ Lc. jj JaJJ^)J C_fl JJOJ l_i£j-gII 

1999 ;alc* ^ iiAjluSJ (Jj£ J j. tt iu Axilc.1 ^3 j .tilli JxJ IgJ j-o 1 llm<i ajjll 

.<j-il^JI AjjLII L^LiJI L o ji-al 

Ai^jaul Aulc- <5 jL-^a1! c*’ )a\ ^’LoAjl cilLiA ccillj ^Jj <sLjaj 

jr jU- ^U=a (> (8.21 JS22I) Etanercept jjLjjJ jAj 

t 5 jl jU=u 2I ^1 (Fc) 24 jjlill *>llj P75 TNF ^ jLk 

(JS (J-aC- (JLlajlj t *Mlu ^ _jSJ .(Gl j^C-LIaII (jjJ_ji*JI) IgG 1 (jCajVi 

(_C-alLa]l t_ll^jll ^kc- ^Vlni La£ (J-alfr J ii—llgjIVI k)j>nj 

^gi (jjj jjjil ^>A3tJt t. <j>^>~' ojLij ^gi Fc jjinll (Jjlall Jjijj .(_gjljjjll 



.iijUUl (A-VI :0ntak d 
-Crystallizable fragment :Fc 24 



839 



4-ij'jJ Lgi Qt ai ,ja II Ai.wi.ii' S.Ua.j S jLixoi' ^Uu^VI :4.21 Jji^i' 



&u u 

jiii 


iLj*ill/(f ^j-uoAil) j£LlaJ' 


CjVbJI 


fUS (M-Vl 






1986 


(Johnson & Johnson) 




— l_)La ja j J jJA 

CD31 


OKT3 


lO 

O' 


1995 


(Centocor/GSK) 


jjljall jUa jxji 






1997 


c“ il‘‘n»* ilui/ •.’!_) i jj jxo) 

(Immunotech/ SangStat) 


lMj 


L—iIajajIjJjI 


uijV'i 


002 


( IDEC/Schering AG) 


A_« jiLft] 
A_jij£L^.J jAV 


l_iLo ja jJJ Jji 




2003 


( Corixa/GSK) 


A_« jAa] 


s_jl_A ja jJJja jj 

131-J_*il j 


jUA« 


1996 


jTLj j .‘~ 1 J jS Ji 

(Centocor/Schering- 

Plough) 




l 'LuXiq'J 


jl5t.Lft.jJ 


(Chimeric) 


1996 


(Novartis) 




<— il a n >i*S ib jlj 


i “ ^ <\ jfli..i 


1997 


(IDEC/ Genentech/Roch 
e) 


A n^-tJ jAV 


1 il A ' i .1^ J \ i J 


/Ijij i_iLs 


2003 


(Imclone/Merck) KGaA 


UjljSH j^Ja 


' j /\ ' i ,.S n ' ' l l' 


(JA^jljJJji 


1995 


J!/ 

(Centocor/Eli Lilly) 


jJa' ja' ja Ajlii j 


^UkAuJ 


jO_*U 


Aiai j Aijjoi 
.^n„A\l 

A_j jjAirik 


1996 


Cll jji j (JjJ-ajL'A 

(Medlmmune/ Abbott) 


A_jja)j Jj3 AjU^al 


<_jIa jjjajL 


jiC-Llbol 




1997 


(PDL/Roche) 


J-ljjjVI jiSj 


<-jIa jjjKI j 


jaSLAjj j 



.<_$ jili Sjajc. ajLl j^ _ l 5 :Syncytial 



25 
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1998 


(Genentech/Roche) 


jUajjai 


JJ 


(jiUluijjA 




2000 


i " ' i**'\ i 

(CelltechAVyeth) 


^aII j] 


c_ 

jjxUiol^.J j_jl 


jljjiiLo 




2001 


( ILEX/Schering AG) 


JJ1I f J jl 


C_jLoj jjLojll 


lIiIjxIS 




2002 


(Genentech/N o varti s) 


JiJ* 


L_iLoj jjlLejl 


jVjjS 




2003 


(Xoma/ Genentech) 


<ja'il nil 


L_iLoj jjllil 


laiojl j 




2004 


J * JJ 

(Genentech/Roche) 


(j jljall jUa JX *1 

< Q *< \l ~ 'O' i j 


ulajjj > nl QjJ 


jituilil 




2002 


lIi jjI j dil£ 

(CAT/Abbott) 


vAu* 


c_jLoj).ajl' 


1 JJ«« jjA 


L Sj^t 




.Etanercept JUL) f^ja. jjleUaill 4jL :8-21 J14JI 
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Other proteins jil ujILjjjj 

<i]U& ( (J I 4 JoV'oll 4j_JjiLa]l Cl lljjj J^)2I (jJJ 

^ WiVn.iJ ' tGlucocerebrosidase Jlo ciLjji 

26 

iakill Jxsljtj ‘(Gaucher “ j j2ue *' J ) J 

((^Ul) IX lUWIj I) VIII lUUJIj <(a ^Ul) Vila 3UI) 
j^ajA Jlo cjli >aj^SI j * (Haemophilia 27 jjcUll f ljl Jjij ^±x<, <*ciCL*JI 
<Lai 3.21 Jj-iaJI .(Follitropin) J jlauVI ^2 

. JjVI jj-a 



Aja^UJI CjLujjj^ Aujli Ajatfenll jAUIaII 4.21 

Regulatory aspects of therapeutic proteins 

Development and approval risk jillj jjjlaiil J*ILa 1.4.21 



aISjuIa A-LqjoiSI V IjjUajS A x u^a^ll (jx&C* ^Ic. 

jIjVI (j-o (31 £-<a (3^ j)\i $ ClAjjJ J- gVI 3l*JJ La^ljc. 



<- flAg-llj 3*^ jIjVI a^A ‘-IijIS lit V] cAjjC. j-<2l jj t- 
. Aa ^jua-o jl 4-ila^)jai-a jit* ^^A jjlj i A.ja ijla j . 4A\g.‘u.uj 

j\i L A^JU^a Igj! jjdJjj c Aij^ 3 (j^-ol La lijj 

3 1 (31 Jt 0 jj£J Aj^jujLq Aj^juaj diljjjj^jj ^)-j j-W il 

AjjjVI 3 ° (jj^-M ^ \a tdij (j-a ^Ic. 3 ^ 

(Ia jl^-j] L-ia . jjj <^3 £^jLau 2 ! 3°^ 3) fll jlL^VI (J. 1 *-a (jl (j±& ^3 

L_L]ISj jj-Q jj£VI £ j^ 2 l Lull} Clu^k j«lll jjjJaj]| j)-a ( 3.1 ^3 

j)-c 4» u-^a'I (Jl^ ^^3 Ajj«iV! (JL^. 31 4 ^)Jj>3i.il 

Ajj^VI (jj-3 ^J^la!:.'l JaSLiI «1su AjI ccilli C5^ 



(j-akiS ^ >jVi <. t in > r\) (j- 3 ^ Gaucher's disease 

.(J^AaSIj ^jJrsh ^gi jl Jjjoi ^ ajjjl AallxS 

. jliall ^ ^1 j2iaj jj-ajj ^1 jj Haemophilia : jjc. U ll 27 
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4^-^uil >‘iii ^3 La aAlc- a jAAl 4 I'nij^il' 

. Ig-lic- (jqq u\l a A j^JI Jjjl*-a ^1 Li-allc- 

CjAuLall 1." ll jjj J^>JI 4 jjAL/ (j-nj-s jlill 4_iLaC- ^aiajj taAiLLall ^jil ^ 

Center for Drug CjjaVI ^jjaj j LaUA/I j£>a J4 i> (ejU.Ul]l Iag La4) 
Federal CjaUAM 4 jaII SjIaV ^jILSI Evaluation and Researvh (CDER) 
CjUljaJ JLLk (ja tillj tlijjji J* Cl ‘Drug Administration (FDA) 
European Agency CnO oUn-all ! a T uLil Cj 3 j 3 s j\ a] 1£ A' l$j ^Ju AjL^a 
ejl%JI oLa liillaj .for the Evaluation of Medical products (EMEA) 
.“Cii.LL<JI CjLjjj^jII jlill aAA^-a CIsIaLoijI A ujlVnll 



Safety 



44UVI 2.4.21 



lilh IgjS LaJ t (jl II jl (jLuiiL/1 (jx Cij^>*-all CllLujjjJil (JaiSic. ( _ 5 Lc. 

j)^a aA_jA-a]l iA. jJa^a^a dAjjl£ jya jl t aj ^a^a jAL^aua jj^a dj^)*-a]l 

(jli 4((_3 j 3A (JSLij <lii^aj a jliiil CJlc- ClljlSi _j] aS^) ( — 'Cujjjill jl LjjjSoII 

jl t4-lml a jj'dl Al_^a]L Cj_jiill Ig-aal^j ^ <jjjoiL<JI CjUjj jjJ! 



i CJjjjL&ail <c.Lia 1I ^aaj 

L_J j£U> ^j-c AjjjuiLq ^jLaijVI jl A-lujLa]l 

^1) lU' c> l$' UH*. .Creutzfeldt Jakob 

^ull dilj jl ^jLaijVI ^ (^y* liLoa 0JJJ dijl£ 
4 A *'\1 d^xJI l’AI Cj^ HjLuj l,g Ac. j jl£ 

^ B ^ jj c> c_jI^I cjUAil J t ((Adenohypophysis) 



^)JJJ (jl (_£^ Ajl^Uajo-g Aj^-ujLdl Aj^I dllljJ U_J^ (J^ ^P 0 (j -0 



A VTm\1 c** )\ \j\ JJ^ ^.)VnMX>ll ^ ^Uail Ha jj j JjlS Jj 

Lo ^ 1 g jlc- l^iaJ ^ 4_j.L^a V 1 c" tl n*i j^ll ^jc. C-ftljikJ ^jl 

^a LcS c (^dj ••• jl 4 (Jj^ 3 Asu 
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3j3j ( t jjJjJ-al! djlijjjjj <4lusVI i jJal..a-v > il (Ja-ilauJ 

4_Jjdull djljjJjjJ] ' ■ >ijl (j-a 4j£l - * ' 7^ (4_lC.LLolaal <■“ 'IaW kj ja. (_K .'.V' 

(j£j ^ai !L1 4^aLi. t.4 a. -->'*!! 4_iLaxi! ^^Ac- Aaaxj l.iAj i4jLAdlaaa ^jjSj (jl Aj^jJuLo]! 

aLL-Li£j J j £_L0J ^jIjASI j.>iVi.nall L_uSjJj <lLc. a_]Luajl Jajjd 

(J j—-a-. (jli t^^L*AI (jijj^)JI jjiilj Ja-aj t _ ? lc. e-lijj idllA Ailw-al . (jjj j^)JI 

IjjoiI jl tAaxjjLuiaJI Cj^Ic-Uj jik'i jl dlj.il! (jljaS J jL 33 oIlAj^jI! 

cliijll -4 j» nLAl ^joiaJ! Cjllijj^>j Jag. JUajlj ^lill jljg '! (diV! -all 

Ajc-lloluiU j;V'l! (JaJ j)-a 4 nl jj-v ^ALaj j! ^la.jl! tjjlaj (JjLjj jSjjj V t^laJ! 

(JAlLi. l.g.A ; ;q'i ^Ac. (JaxAI L . ''Li'n La-o i^jJaj-all 4_iii] jjjII A-Jj-iyi o3A 

. J}j-jAI ^3 L^lLLia! iu dlli£j t^gjlj-ll! jJjiajl! J^.lj -0 



ujLLjjjJIj jt!jUA 1 JjjaiuLa j _ r lc. AfcUa) 5.21 

Outlook to the future of protein therapy 

(j-iiij CiUlfkiaaV' J 4^01 »\l d.VUJI ^J-aa. i " '! ' j^>JLj Sljl-lall £ 4 ajj V 

4jJaiiaio AjjLajSl! jlj-all (Jj-o IgA 4 _ui31aa (_£jiJ djljjLLaj IgiijjlLa i_$k\ t4ajilaA! 

:4_ilLll! CjyiaJI ^gS ^J-aLi. (JSdj o-liLa 4 I’n'i jjjl! 4jjjV! (jl jjjjl! 

AAla. (j-ala. (J£jol1j t(Jj3j ^kc. IgA j3 JJJ y ^^jll dlljl jLi'niiL/ 1 • 

j! dAi^yi j ijjUajajill (JiLa oLiaJl ^lc- I jL>% J£dj l _ s Ll! ^_ual j^y I 

. 440a jjjal! OLL-ayi 

jl o-ijiLa A^jy d \\ ijjj jj (jj^i cn^. 1 jT^Lt// oyu ^ • 

Adenosine 28 ) jLiiai jjjjLjyi (o^) j yia tAJUi jj& 

• jldil! Jxsljfc jjc j! (deaminase deficiency (DAD 



(jjjjjjjl ^}i*jku tjp^\ 0 ^?^^ t5^ lP' ( C5 f^iiu.l) ^ :DAD 

A-aLuj S^La I^A j Ajc. n La-a .20 (_^AuoJll ^ 

(j-aaj JjL ^LlAj tAjjUll j Ajjtill Ajc-IIaII Li!)LiJI l-ft-a (jjjjlijl jl 

.Jil.2^ Axilla 
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Jullj \l ^aillj (J!La dl LlLaC. -«. | ^i <\i ^ Vi\l (J^.1 (_j-a • 

clsljjj J jJI ^Ij 3 (j-o ^ c-LuJI jig y II J jjjtjl] jl ‘•••Jj ‘^j^iJI 

_jl t CjLll£j)"lJ>iill jl Jal_jC-jl tdllj^aj^JI jj3j 

(.jjj JjjLa_jjaij (_g. Vu'S 11 AA._ja]I jl tG-CSF II jl ‘ Jj J/l 

CjVUJI oja Js .(jjSjlijyi J ujj^j^V' J ‘(Somatotropin 

3ic. A_ilc.li jii£l (jj^J 33 li&j . Jij j^)jil — J jjj^jjII (Jc-lililLi J^ill t. _ i-s i 
AjLoC. I g'lfi-al l1i-qj "A_1*_uL JajUj" AjllLaJ Ajaditc. C \\ Vnj^j ^LVunl 

3jJa Aj^aLij uIjUISIS >.nll A_]jl_LaJII 3 ! j^3L) AjjlLa l j j LM1 

. Li3*»all Ajajjjjall (_)Jal^aVI 
. Ajjoi j jjall ClAjL-aVI (jJotj-ol '. * .-i Aj^ali. t • 

0 J jj-a -»hi'n\I ^3 o3_j^_jaII 3 ! j^iil AJLIIoaII Ajjjjiill CjLujjjjII i”l>» u.-il _2 

A_ias2}l*JI 3l _ja]I ^ya (JjVl ^ ^Jj AsLiJaVL . dliiijl Lia._jl ^»j33 £_a 

1 g .aj.a.Ai 3buallj ^Jall JjaJI cllllijjio (j-a 3jl_£La 33c. (JLi.3l tLjjJ^JI 

Ljj.Lll i3llj jl A.najjJI o3l >.o,a\l ^\ m-sVI A_t^>livj (jjjjoill Jil (a nif\ a (_^ajl kst\ \ 
1 A A ^ U .-> j 3S3 ‘ _J n»MI J (Jjj) Vlll A_lll*3 l <» . SI (J£LLe (_ja. 3 j~n a\j . A3 J. A' 

J LjSLiJI Jl tAjJilc. dlliia. Ailj-bl jl tA Vi-s ,a\l CjliiaJI Jl,\n J Ji?na^ll J 

Jill A » ~H.-i.all A Ij . a J ^jj3j Ajoiaj JaJ^all . t i~s ‘" n*s (jLuijVI ^ ~s 

(JjJI (JiLaJ 33 ^ tl ^ *V » tl jjli Ij^Jj . A_ls».^>LatJil l'~ ll jj J^>JI l^j3 

(JlLalLall JlJI i— SjJI AjjILo J 3C.LolJ 33 j tA^^latJI l" i 1 jj jjli JjaLui-a]! CLl]lj]l 

.(_j3a^a]| iAjJlx-o V 3j ttlLai ^3 
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845 



Dembowski, K. and P. Stadler, Novel Therapeutic Proteins. 
Weinheim: Wiley-VCH, 2001. 

Ibelgaufts, H. Cytokines Online Pathfinder Encyclopedia (2003), 
<http://www.copewithcytokines.de>. 

Kopetzki, E., K. Lehnert, and P. Buckel, “Enzymes in Diagnostics: 
Achievements and Possibilities of Recombinant DNA Technology,” 
Clinical Chemistry, vol. 40 (1994), pp. 688-704. 

Kresse, G.-B. “Analytical Uses of Enzymes,” in: H.-J. Rehm and G. 
Reed, eds., Biotechnology, 2 nd ed. Weinheim: Verlag Chemie (1995), 
vol. 9, pp. 138-163. 

Lauwers, A. and S. Scharpe, Pharmaceutical Enzymes. New York: 
Marcel Dekker, 1997. 

Rudolph, R. and H. Lilie, “In Vitro Folding of Inclusion Body 
Proteins,” Federation of American Societies for Experimental Biology, 
vol. 10 (1996), pp. 49-56. 

Walsh, G. Biopharmaceuticals: Biochemistry and Biotechnology. 2 nd 
ed. Chichester: John Wiley and Sons, 2003. 

Walsh, G. and D. R. Headon, Protein Biotechnology. Chichester: John 
Wiley and Sons, 1994. 



846 






jlaJI ljI i uMU CjI vui^Jt ^jj-^ 

♦•V ♦♦♦♦ V V Vv 



Insect and Mammalian Cell Culture 



C .J. Hewitt 

The University of Birmingham, 
UK 

B. Isailovic 

The University of Birmingham, 
UK 

N. T. Mukwena 

The University of Birmingham, 
UK 

A. W. Nienow 

The University of Birmingham, 
UK 



A SA A alt tal^jLLajJJ AxaL^ 
-Lfi 

4 ^L#a!I tal^jLLajJJ AxaL^ 

iLjia j; .(j\ 

A£la all t^L^JLLajjj AlLa^Jl AxaL^ 
* W " 1 

jliu .j.i 

A£la ijiljiiii jjj a<' a A\ 

s 



Introduction 1.22 

ajjajLoII Cibjjjjjil r-' ,-,11 1 

AiUi£j CjV^LuJI LS^" ° J-Vi-aN >-"i~,Hao 1 Jialj .S-lpC. Q-UjoJ SjjliHall 

cAjjiiJI Aililll JLa-a -ll-llol ^c. ijjyl j!l« 4 _i*a! dllj A \ 'A\ Jjliaj lS Ac - j A^llc. 

^tij] CjI jLuc- jl AjjaIj CjU J j) A^ojUjiVI £c-aljj (j-a f-l-iiJ 

{Escherichia <a5Lj^YI LjiiSLJI J&- <j jjY' 

(Jjw-aqll jiijl) AjjaIuLoII 1 - “ '1 ' JJ ^IjjV A-ijjlLi. L "'' "'^ll jj£I (j-a coll) 
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1 g n 5 _jj ^(^^)jaJ*JI j A^. 1 ^ 1 ! j ^jjj-ol^JI^ £jl^)ll 

CIl^LjAxj 4 jI c * \\W\\ V \ g VTn ^jJI <jj.uiLa 11 (.“ \\ \y\ 4 _i]txi]l ^jl La£ , Jli^. 
^jUj JojI^) *\^\ jl (Jj^^J^jlSI <C. AiLjaj (JlLoJ 4-jLa.C. AxJ S.via a 

Ajjaulli .4_J jl Si jj CjI i CjUjISII ^al^Vntilj Jaijjj 5-ftl A (3^ jc. cilllA J VI .(cujjSSI 
4jjlLa tdlljjl^ll oLa ^ j'j-^ GC j)J jjpjLmj jjjl jC Cjl-lij jjlSjjj] <jJaii-Lall 

jl jlailiJLa j,nx"i j jlaajj ^ i _ 'u.'Vi La EJle. ojjL Cjl jilai J jiajj tdjLilJjll CjlltiJ 
(jc. JJ'V'H tCjYLaJ) j* ^-3 LI • jJJJ jdl j_a 411 x 3 JJC a j ji_La JISjujI 

La£ ■ I .' J ^j-ajLLJI <I^ia JJC <;uJi ^La-d (JSjoi ( _ s Lc CjLjjjjj]I 

lIiLjj a jij jjjj (_gjll 5 -a^.jjll .Ixj La CjLLi. 1 xjj ^Lsll (_jLc ajjli jjc Ljjj£j 3 I jl 

a jj<aL JLa) ojJjaiJI Lai .djjjdl 4 Iij]lx 3 ^ ^LilLj idjlLGjlj t 4 ilij]lj t jjj jjjll 

<il (> jac jJLj i(Pichia pastoris a jcai. j iSaccaromyces cerevisiae 

(_g jj]| AyLG LLLi. l$j ^jSj (^Lll lillil 4^jLLa 4-a-^ jlill .Axj La CjLLi.Ixi.i jaLslI ' g 
(Jj j_jSjLUxll -laljjjl 4_iLaC- jl jAjj GL i^jaaaLiJI (J. ^i°H jlVj) I 3 jLxj jjLY I 



^ Jtki JILli c5j^j V CjLjjjJI CjIil jjj Jj-ixLl (N-glycosylation) jj^ jjjjjIL 

jl ; LLaLa-a Lijjj£jJI j ojlAill LLLa. jjs U£ jls ttdlL G| AiLaial .SjlAiJI LLL^ 



.LLLaJI sLa ejljisl jill jj oS * J ^ ^L^Jpaall iS L $ 

lAjjjJaj ^ia tl jL IJ^ V CjLyLillj CjljLiaJI LLli. jl Laj tiillLl 

l^llijj J l^.cljajlml jjilajj ( _gHSI tajjlxLall <JJaalLall CjljjJJJjll jji (J-aulj (jUaj 



.LLLiJI oLa jjc l^jaLijl jLi jl 



Mammalian cells 



LjU&! 2.22 



(j« ^ ^ ■■■>’' jU.) j-U. jll jjLuiill LLLk jj Gj'^aV CjLjI JjI jj 

jlS^VL Ajl (J. F. Enders) j jjAii jjj G^jc 1949 ^»lc jl£ Ajjj^JI Ajliill J^.1 



4. lu^axll cjLiaajjjll LLL^ j-a jl qLV I (JLil l _ 1 1. ,i^ll (Polio virus) ^jjLII jLLl 

# ! 

^ oUlil Ljj)^ l" iViil ^_)JaL<JI (j^il (j -o CjI jnowxFsti C 5 ^ J * grj^rij 

S^joiLu cillj ^jjI . ^^11 4 n^-sll j U -0 

,(1958 < n^n^sfl ^lil ,(1951 ^^- c ') ^ ^l ^ISlj — (_5^kl Aj-ujj^jS CliL^ll] 
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Cllalijl CjUASUI 4(1958 ( a ^ c< ) 4 -J*^-SI ^lalj 

lJ^jou AjjlaJI CjIjjJqSI ^jl j- 0 ^ *cr^ L - J ^J^ Ajjla. 

A n-sg 11 _^]l L£}LaJI .lajln^ £>a ^jJaLdl 33^1 3 -0 eLiljnar Utill 

3- ° jLl!I h*\ II j . l_j jjaiLJI DNA — SI cAjlaj ^.j-kijj (Hybridorna) 

Ljj Jj-al 4_ila. 3^ s^j- w**i<dl (Clones ciiUjl^ 1 j n-^ <SjLo! 1 a]| Ij^L^JI 

dal jj.v'ill ^^ 13-0 ul^ 4 ^» j 2 l S-a^-q JI 3 Lo djUAill Ajjj^Sl SjLoSI (jl 3 ^ 

s s * f > 

4- llaJI 4 -N trtll £_li)-aJj 4 4-1XU.2I CllLaJ 4<3l J*^S! CllljLilkVI ^ I X >>jl ^Vu*n 

.4_ia.l^}a. ^jJal^C-V ^L^3^l 4.J ajjLjaiJIj 




LoS 4 (J^tlx ( 1.22 JLslI 3 ^ 1 ) <■** )\ nttl ^.Ijjj V 

Jllla) 4 -iiilaj g.\x>ac.l 4I1A ^ 3I (J^l^ ^hVn \ g v^S j 4 ^aJjl^aJ! ^ 

Jjl£!il! 4 jbaC. ^ j^U^I 3 ^ A ^S illLa L fl.lg J AJa^la (^cJI ..-li£llj 4 4 _il£JI 

^-^3 -Saj^jjuj i**iVi Lq 31 ^ 9 ^ 3 * 6 «^»wx> Lj^I^. cJ^*^ .JSS 3 ' 

l£UJI 6^A Ja^la^. t^y^x ) 3 f li 4 ( 6.22 (JSLujII ^)iajl) 4 - 1 ujLLq 



J*' 



Lc-uaS 1 



t.^^llul 



L£>IsL 1 I Jj£l 3 ] • JI-^JI cJ^ll J 6 ^aC^jl 3 j ^3 Ajj ^^ ic. JaSl^j 



^aLaikjVlj j-fcill yci±ULi Ll^^JI Ajlj Lf^ ^Las-iLo 

A^jjll l£UJI J 4(^kll) Epithelial t£UJI Jk lUVI 3^11 J*b 
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I) Fibroblast dlo jjj\ IAU. ^AylL^JI) Myeloma AjcUdll 
(3-o (mAbs) jlill 3-0 w lun ill s, \i j zj! . . -i .> II my y / J> v." >. Ai d] . | dll 
ojjj 1975 <ol*JI (Milstein) jJiuukoj (Kohler) jIa JJ 

dLidll lAld CjIuISJ ye. 4 jLoiI£ ibjjoaJI Aliill ^k dLii.ii]l lAld ^l-dj-oil 
jja.1 dl .(yjjoistll j (jji-oLaJI J^aall ^lajl) (_g^)l -Vill j ^ All (JLaASi -doldll 

Ajijuua (B-lymphocytes) Ad dLijlAd ^o- cf~ l Aa 3j'" u ‘ | jb ' a j jA A 

£-a 3 ^ 3 -*^ ( 3 -« eddus ^Loid v 1 Idld iS&J J5 d 

<±a jj A (A (Jjl (AjUajjaill ^_addl Ldd) deldj dwj j 

Ad]| ejUjlLalll ojdu yjj ^ ^-sll yj tliA Wqij .Hybridoma Aj-sa 

-djj_j]l Llbldi] dj. W -oil JJC. jodl a^SLaj (d ,n . .n V 1 -•) ^c-jj dduo ^>h , n 
jd]l ^ic. o j^Lall Igj-li e>S^ IdLi. 3I LS A*-i bo -s-la.! j A. j jjj£ ^ 4-ic.ldiil 

dljjdl 3)-o J .^l\ - A' ji -dl Jajjjoi yi yj 4_d ^)3 ^jaujoi-a d£dj niVy/l j 

dVdas ^ dLljj 4_^aiil (J^sl JC. Jc. IajLojC-I “Ua jA Idldll o-i^J (^jdyi 

o5a l^_ia Ajg -N a\\ Anil ^ C 1 lh"i a_^a. jJ (_yla. lyicljj Aj^jw j tlA^aj 

Idldll ojlA (Jlo td)l!Lol . Al» -a ^3^ _A° ‘—lid ^laVdil Sic- -daldj ildlaJI 

Aj_yliill ciil •n'Vi^II (Jfwu ^3 ^ A i.i< dayl ^ayi Ala Adjw (_>dl dVdA 

d il j n j^)j (jl^jal tdVLAI (j>>» \ ^jj dl oAa d i~s <i>»i dl .A bn-oll 

4ildl (jA -s (J£dj td^yill Lo -bLa.^>-o a -\ 1^. >--ill dbLidUll (_bodi 

yi .L-jjHa-all y£d]3 All*a d^dj jjj ^_ic- ^JliilLij 4 d-ij 

Cdtl ybdbU -Liable dl -liidll eii^j oalduAI dlli dua 3 ^ 

Sic- ^C-ldall jl^aJI (JxSJ 1 *jjju lylJlai da 4 _ inni lilljj tAjIdll ^ 'dj-la-o 

^aUdl .^da^^l Jja 3-0 j»Lal^i.yl l3 ^ i Li . (Jxall 4. l lnl lj 4 3bdV I 

saldiASI ^Luii.yi Aidy" 4 ** i j Va*‘i oyXojj (G. Winter) jbijj f-^ ‘1986 

-boe-bLa 3-0 -jI j 'aw 3ldyi (3^1 ojladall ^1 . I 4_lLd 4"l*s n«-il 4~‘ 1 bl j'311 

3 b -''73 f.\ jdi "bc .1 ’iliiA" a ■sVi-olt a lj m ’ill oaLdoJI . .. r yi ^Iddwl -bJUaj 

.(1.22 (JjdJI 3^1) 
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„ ^ i „ c 

Aajljo^ Lj9A AJxuiI jj c-i,a.lii <eLuoll a^rvj SjLuia ^LwaI 

As.jjla IAJLojC'I 


: 1.22 Jj-taJ 








A, \\ \\ 


(Retuxan) 




JI i^jkx j 


(Centoxn) _pii*ji 


4_i^.^lc. 


^asiLaiJI^ ^jjl ^Jl ^jUa^joj 


(Panorexin) 






(Prosta Scint) Ciibo. 3J ± 


^*=2' tA eg 


l M\ 4 \ i -Ac~. ^ jn i| 


(Myscint) cawl* 




t> IFNa2A Ajiii 


AjjkH 


(Roferon) 




JI J-olc. 4_iJj 


JI I^A (jJJ! 


(ono Nine) oPjjy* 


l5 


^ JI jlkj cJ-olc. 4_iJj 


Ij^LkJl 4X-^)J-Q <>UI 

AajI j4^JI 


(Kogenate) 





AajJ&l 4jjlaJI Ja jJaili jjll JjJajJI 1.2.22 

Genetic modification of mammalian cell lines 

Recombinant DNA l_ij 2L1I DNA —11 Jo. t-ijUill J j j) 
di jjLa. jjIj J4 (_>a 1973 ^>1*11 ^ Ujjii ^ I I Jjliill jl(rDNA) 
<3Ui ( xia [jjjij] Ijjjla (jjill A_i7Lx jj (Walter Gilbert) 

j=j iVjl DNA II (j-o 1 sjui (jc. lilljj tCjliiaJ! ji DNA II (3-° 
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. (JAH “LlLa*J ^^C-A lAjj < iVW -a dlMAll ja ^ji ja (_ J 1 9Ai £»a 1 g J d 



jljla j= “Aldus A jl^. (_)Alj DNA St ja AjuLaSI ^Jalil oA (JAA MSI A«J 

^jili. (jAlj l^Jjd. ja All j 4 jjiiSj AxjM-1 jjSLl La Clift il^JjAj (Jiilj 
^!il All JdJI (Jj3 j£lj . (^jtjll jja^aall jlajt^ Aid .a St (InVltt^ 4jl-slt (DNA) 
Ll jiiSLl jjfij La ajlft (jAj 4 J-aiSI Ajju LljjAj Jl l^llAjtj Jit jilt tj-N d"l Vjt 
jlj. jj .a _)21M (JjtLa ^lijj ^3 AlliSI o A (JA 4"l<OV*hul AS . jCjA'l// Aj jJy^Jl 
^Aa jj ^.'iVn.n jilt tTissue plasminogen activator (tPA) ^-sn.nlt 

“Aiju (Jj 3 ja ojxs (J jV Ajjd jaJ .“Llliall dAjVI (^-djis jM ^aMt dUaid 

jiLtSI ,_gi A (j^aAjj iAfLjaVI SAdaSI dCVjll (Genentech) 

1 j . si j'j > a .a A ^_jA~ij Ijo LuIA 4 Li wit jj Ac. jm'llt j “CijjM dja. LA .1987 
.Luljj Ad-a (Chinese hamster ovary (CHO)) 



AlIM dil -sTuS A^.jlt ^ASI j v-oAt jk a ij-sg St jajjSt liMd Ciwijl 

jJjiaJ ^gjl l— lj.uil.all DNA St Alii jLaiiluit jj t AS . lljlao ojSjLall AljlAII 

j.Ldc.1 ja fij jALall (“Lljii. UjU-.'j AjlfLall dll-lill lAlA. ja A J ■ .~i V J.3& 
4(jLuiNI 1 $j 3 LaJ dUlASI (ja Adit (^^KSIj A^SI i j^ijl ult ijlJJjlt MA) 

I A JjM AS .(2.22 (JjdJit jliil) A u^iV^l j ^aLiC-VI J C j 

A^jUa^ai (Transfection) J C5 iJalia5l jAkill ^LkJ jj jjjJvi'I 

A •n. a xi ‘il (j-a Ja j>JaA cAlit jp. t (Oncogenes dliia.j£Nl) 

* t 

oic-MllI Ciljili Ldjl dliioilj .“UuijjAlt CL-aVt Ciijun CuUajui 

jt .“Aldus LNA£ “Lie. 1=0 “da J J LulA. ^tAduiL LljoA 'dL-da ^al wjl jjV 

jjJjoalt jluuitgJI jaja LLA jA AjoLall dlliljjll ^ AL* LlSA (_ldiaAt jLlAll 

jli_ua LluA jiALil j J ^3 tALua ^jl ja ^3 Ajai Ajg . .i 4 ^ n mi Aljj 

jV ASjj id AIM r-di Baby Hamster kidney (BHK) jAa'dt 

oA 4 " i, ig a IAa j .(3.22 Jj.iAt jliit^ A jA ^3 jiyi V l^ALual 

jUal (^-uilj (jliaj ^jlfr dlliijjjSt j u A Jl (JJjkll “La^-aSI dt jl=o"2t 

.dtjV jAI jjJuL ja Adit t gAy All “LljOa. Alii Ailloa 
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AjjjaJI 4JLLifl La) .YVkal jjSVI Aj^IxH jajJaO) 


:2.22 Jj^J) 


ij jliJI ja.Lll ^jjJ) j.IiaLSI 


i^jIaJ) JaaJI 




CHO 


JUjlio, j£ j£ *_iK J$ 


MDCK 


^jLoijVi -lie- ^^.^>11 


Hela 


f JJ 


NSO 


^JjuA-atgJl ^j-Q A-iSdl JJ)\ 


BHK21 




HEK293 


J Jill J& lALk 


Vero 


4_ual -\ 'ill eAiJl 


GH3 


Ajj L£)Lk 


WI-38 


LSJ^ (^c-LLj ^ jj 


J558L 


L£>L^. 


HepZ 



i 

UjLuCl j»jj 4 -uJj LMa. *Uaui ) jj Ciajjl 4 jj) jJ J^IjC 

AjJa l J i^AV 


:3.22 Jj±aJ) 


jjliJI JaaJ 


uAjjjB 


gLllail 


CHO 


J^lc) (jl j*^i\ jjjjjjjjjjjJ 


(Epogen, Eprex) 


CHO 


^LauII ^aaII 


(Saizen) 


CHO 


(^.lll ^Lja-o 


ClA, m,ajfLjJ 
(Recombinant) 


CHO 


( ^kx 11 l_jj^)^»I] _j 3^*0 11 


(Gonal) JU j& 


CHO 


(^jUa^uil] j! kj~iA jlic.) p 


(Avonex) oAh. A' 


BHK 


(^11 j[±^j -iljJaA (J-olc.^ (J-olxll 


LA“ j^jj 

(Novo Seven) 
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Acd Ai jld Ja jlaik jps Ajjlaj diLjia 2.2.22 



Commercial products from mammalian cell lines 

J*2 jll lilSj jl itllLuJoll LLld (JjS (jx jjj jll djliiijjill ; ->h» .a (jl 
. (dlli JJ jjjjJf,) dllilJjjJ t A ilA.ll (jji.1 djlidaC Jl 

J. jll Ad. j-a de_J J-j-j Ac. ja-\ a djl ( Lida I dlliil jjj l _gA Aj j j * A\ djliilj jilt j 

J Ji Jll Glycosylation Jj JLLLL iLujyi djc- JLU. ^ 
J jjJjc jjj Endoplasmic reticulum (ER) JajLL jdyi a£J1I 
111 JJ Jl I AjLaC J-aiCi La Ijjli .(1.22 JLill Jail) (jjill Ajjl'q-s LLLall 
(jl LaJj .CytOSOl AljlaJI ojL^a*JI ^3 Alldall dlljjj j jjll ^Jc J jjSALilLl 
tilljuj t Jc (JSuoJ (_5-iJI (jil^ll (JdE 'iJ-la-a Ji2 Jl AiJLuill djlilJjJLl 
dll -sTull (jA di-\ nA Aa3 t Ajllc. Aaj3 dll j AiaUc. JaljC jjSol a jail lilllaJ 

(jl JjjSLLlillj JaLujLM ajLoc. ^jjj y . Aji'Vill ajjIaII jlj^ll Ic-jjd J^yi 
.(RNA jl DNA Adajlc dJLiA (jj) j)JJj jjll t *_id^3J I g » nj Jill ailli£ lalrS .a 

('rJJ) J? j}^ £jujIj (jdo d'_iA ' jj t Aid 

* 

Lw sJud jl (jLaj jll a JJI dilidj jjll jl (Oligosaccharides) jAJl 
(jA ^-.y I JLLdi (_juaj l^-J (aij£juj (Jl£dl) aij£jj dillijjjj AliSLiu jjj 
ialjjjl jja (jlc-jj lilliA . jluill dlLLlla (j^ Aalii-a i_ljlj lAll'd'l I g l < dj tA in^yi 
jJ j (N-linked glycosylation) djjjyii JjjliLUJI JaldJ : J jjfLlill 
J .IcjJ jj£yi ja JjVl j£lj t(0-linked (glycosylation) jy^syL 
N-t> j yLo j£joj 1I diLliia j^o ^ jj Jad jj tdijjyL J j J jjlill Jaldijl Alla. 
<*-a tjJjkllj jJ-dlj i(N-acetyl glucosamine) jj j J J- Jii^' 

j dj I (jduiaJ! AlLul AujlaJI Ai . .d . nil (Jc- oAja.jAll (NH 2 ) 4£- ja-\ a 

dlLLiddll (jJjj .AliiJ! J AfajLLljdyi A^jdll J tillij (jii Jj2l J jjj^, jfjojl 

JJ J Ly^ , J'f Jal 'J Jad j^ll dlL Juaill Jla ?.(j jjl I.J Aaa.yUI 

dc. Ic. jjd Jay I AllaJI J Lai .Aa^dalill Ai J^dl d A jjj Jj2l j>^ ALal£ AlJdj 
Ac. j^-n <1 -WlJ Ea jU diLLiia (jli tt jc^yL (Jjjj^iliJI Jaliijl 
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3 -0 aJLgjJ A-njLaJ! UoUl ^ 3 ^ (OH) 3 -*-^.j.j-\j i 3 

(JJa J J^. J (jj^J La Ull6 .^Jjjj^UI (JjjalSjjAiA J 6(jjjjjjj]l J t^jjJAjal]! A^lLaVI 

a!aI£ aJLxs ^^Ic- J3 3° L^j^jda j>^' 1 A_ii£^)jj CjL/^11 

3^ La l^j J «A_j (J*j& 1 I £ 3 j-g ^ 3 ) A^ j^kjjj ^^)£jaiSI 3 jj jj 21 

^ ojlc- 334 A_^ljjj 3^ t Aj j.i^..ll ^jUI 33 j^) 3 Ua^ui 3033* \\-i 

A^k l^k^'l CjLuJax]! V j djLaj3^M dllLoJ V Ljj-U^.i.11 3^ Ajj*^ £^33 

Ij^L^. 3 ^)j)]^q'l L3^ jl cS^La^JI Lai^- 4 \ *«ojl 3^^*°" Cy*j . dllij 33^ 

JaljjjV! Jlli! (j>>» j Ji-iAjj 3^* Igjj^ Aj^)£joj cijljjj 33 3 -0 dj!3^'' 

A jIa* 11 g^A JSjoij (_£.1a 3^J 6 (3. 22 &3^^$ (^aaL^II (Jx^aqll 3^) (Jj^^fLAxJlj 

J.Llxl\l 3 j1j dUijj ‘ dAjJ.jjII L£>Li. 3 dJ J^. ^aII dllj 3^ L qViAa 

J3 3-° dj j jSjIxIL JaLjjjVI 3) ^ll^J V <3^ c **^ \n bd .La^-a I^>aI 3:f>-" 
431^31 3 cJj^a-a 3 3 ^-° j3^j c 3 ^ aIaISJI Ajjj^JI l3^*i 
^u£j (Ja! Ail£j l^_^ljjJ 3^.)^ ( 3^3^ 3^.)$ N j 3^*^^^ 3-dil 

.Aj^jjj^j ^jjian A-aJojI aJ^joiI^j 

1" )\ \j\j^A\ c \\ y\\A jil^l (mAbs) aLjouII s.ii^.j £ j! ^aW ^Lai^Vl ^ 3 f^ 

(.** )\ VVmII £_jj (J^jujJ 3 ^J *dlljjJ& l_ 3 Lk £^3 3 ° ^ 1 *> k nl J} ^AJJ A_J^)S-uJI 

3 jJj 2.7 J ' Ajlajll <C »1 n^> 3 -Axia Iajj^ 3 ^ ^ 3 ^^ 

c " i y \\a 11 o^A ^h* A 3j .(1.22 (JjAiJI ^>^) 2001 ^L*JI ^3 

ftjLjaA xu^l ^1,^'util 3 ^aj i! ,A_jJj 33 I 3UajjJI ^^Lc« ^3 aAa*I1uia 

( 3 f^ 3 ^ -^- <i ) AjAII ^Luj ^b-a-o jl A_lg^)j A_ili^-i A_x-£ix-a^liA 

^)^)jJa I CjI^I ^iC. 3^ W^-J -0 ^ J uha AjI jl A-ijl^^)^^ 4 fll A^Iijallj ^ 3 ^ 

£_ 1 a 3 Aliuu]l o-li^ j 0 jl »>ia 11 I ^l^Vnul 3 ^aj La£ .A Inj^k aII A 4 \w! \ 

3^ Aijlill o^.V^aII 3] . (^-LjaC-VI ^-^ 3 ^ 3 ) ^ J^ 3 ^' C-bjaC-^U 3^^) 

1 x >>jl \^j\ 3 *J ALjouII oJLl^. J SjLjaA]! ^Lal^.VI 3 ^“iaTi 3I! A_ iC- 3 ^^ Jajl j 3 (J 3 ^ 
dj\ jV^il ^)jLaiAj ((Ja^II dil 3 /Vsl !ylilA^ ^..JraSl kii\W J 3 a djl 31 

(Western oj^^j 33^v ^ <bt!l l-j jjjjjJ! JUIa ; a j\jAM1 a33^^ 33 j3 



855 



4_iik j^>Al JJ)*'A1 4 -AAj j)jl^j ^.^JaUI C-JjjolIII .blot) 

^ , ,'\ \\ J) A ,>>^\j ^JOJ^AI (jjj ^jliAl (JjLlLaII (Jc-lioil A-W'wnl \ ^ NUi/' jl 

A n'.Oj 1 ^l.^Vnul LAojI j^a) . ( AAaJjai-<AI ^t.k\y\\j -A o^nxAl ^joi^AI (Jc>lij) . 1 >■ «o*n *1 xAl 

AjIaAj^AI AjijoJ ^l^c. jjLgj^)£ AjUj^x^ <LjjA]I j SjI »>i^\1 

^IIxAIj 4 . ^ o jljJa^a ^Loi2kl A nfn A \\a* II sA A ^3 . l^Ii^Alx-a pljjl 
^Ac. ^jUAI ^slAall .4 jVnll Jj-oC- A^L^. ^Aajoj ^Ac. 4'nVn 

^j^nlvAl ^Aj j AixAAI jLAaxAI £-a hnjj A n*s J^axJI ^ac- c_J^i3a-ail 

j}£-aj AHA Asu . Vn»Vl 4 _ AaC. s-UjI 4_yAj]l L-AIjAAI ^Ac. (_£ jL^AI ^sUall j-a 

.aJAxlLa ^jl^)iaj Jj-ojJI j-a ^AAI (jJJj^)JI ^L^^JjojI 

Jl S^Jj^xAl 6 -A x^l^ll ^aLal^Vl (_£l) 4-AAjj-a]! S^Lja-al! ^Lal^VI ^ik-aJ 
J J^^ll jj-o V Aj AjI n, V*A1 j>a SA^^La Jaj)]^^k (_)j 3 j)-a ^jdll (Aj^jAA AjLiA^^j 

( j-0 £CJJJ AJ .6^-0 JjV (jjl*Urt)\j<QJ ^)1a ^^)A) La£ (*AALq) AjA-G-C (jl^>A3 (j^i 1 g jlc. 

^Ij A_mk) (Jj 3 j)-a Jr^ 5_j^)AA 4 j'n^l (jjaLa^.1 ^Ac. ^ jAA o^Lja-a ^Lai^.1 AllA 
^uc-LlAI Aj IjL^IujVI j-a (jd-AyAI a§ qj5L aUAjj t(jl^)AA]l j)-a A^As ^Al^^AI 

j-a C_fl^iAI jjAj & JAxila AjIc.^)^-J ^-Aa^xAl UjlAifrl j)£-aJj e^Lja-ai! ^1 m^Vl gA^A 

jjljj-uV! SA^s^aSI ^LiaAylxAl aAluiAI fiAl ^ j AjLAaxAl ^1 tu^Vl (j-G .^C-LLo (Jjl3 

jLja* ja j ^(ReoPro jj^j^j) ^ (Abciximab) c_jl au^uA J)\ 

^AC-Ljj-c^ c — < a\ ^js-kA J&J .^a]I AjL^Lk-a (Jj^j ^-l/OJ ^LaVI j _jlA] 1 ^j-o 

(Coronary angioplasty) ^Ull jll Aj j^s jjjU^JIj jjjfAu 

. jj£l<AI jIaxAVI ^Ao (_)^1 ^j-o s^jjAvsll JL*A1 

^\A l ^^yic. A \sl>.*\\\ Ai^.j «A-Aa-a ^\AAi^k (2005) V 

^jJ^Jgjll AA^.^)-a ^3 jA ^jVI i^a lAAc. (jl Vj cj)Ua^)jaAI (J^.1 jj-Q 

.Aj^jjjjoAI AjIjLi1^.VIj o^)i.l!La]l 

jaaJ jL^oII Jx,l*JI (Erythropoietin (EPO) (jjijjjjJjjjVI Jlii 

jJ (jj^h 17 ^Ifi AjUtjU-aj t^l 

i—ljjoiLa (jJJjJJ (Jill Jj J JJJ jV I j .(2.22 (JS22I 
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(EPO) _J±j I (Jjjjai .sJitLa ^)Jjl . ."1 x'i ^ya ^g'.l uu La£ oj.,?:*.'.E s-Lajoil 1 Vi 

jAj 1989 j»l& ^xJ_) ejj. w . al l (Amgen) , j j •> - a i a£jj^ (Jjs j-» 

(JL^jj (_j-o Lijl j j 4 »n,V'g all j'.u.aaE-ll >> i;a lAEi. <lajajl_jJ 

.(jLajV' {j JjjJI jjiajjjjiijVI DNA — II 




i(EPO) ijjlijjjjljj^] j jiil jLaajl Jalsdl jjjU “Uiii ^ jjj ^ vj<>i jj hkSa : 2 ■ 2 2 JiuJI 

.(jLujyt a..i> A 1 '*.;: A jaS'i) g jasJI £uiaj| J 



Insect cells 



cA y^l\ 3.22 



I a n»a"' El-laJall (jialjAflj <3__)*-a]l l'ViK tLliojlj 

(JSai -Loll Jj] ^LAI J)iUaJI t“ 'I I g VaV'j CjIjLuII j lllUl jJaJI (_£.}] CjLui j^yill 



^La-ill a—ll^ill I ^jJal^aVI &3^i <3 j^)*-all 4 JjA/I - d i' j I' <4 A j j 



La^j - > d ] jj jdil St.LOUlS elljLaJ a_a^^)*-ai! ^La-ll! a_jl^!l]|j ^jlAill 

c-l^llj t^jiajxJI ^pllj arboviruses djlA^aiallj ^Ujiiall CiLajjjAll 

fi LdJjJI (jaa L-jIA A. ^Uj .1 j (_£ 3 ll ^jLoajVI £-ujl ^11 ((Jjsll ^33 eE) (_£^£Eiai! 
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4(Jj-a (jSLuLftll Clnljl 6cr JaU]! jjSlI (> Cjl jmurtB ^ .Simulium 

cIiLujjjjAII ^ ^'Vij .L-aL^. l&Liijl djliiU Ja ju/iJ jjc. 

I^jI CjLujjjjill ^(Baculovimses) 

cilE Jju . clllj jlSill jl Cill 6«l£J A 3*i n^all Jjj-aL^-Al] (Jjj2 j 4 hfo Clll jjaL^l] 



A-ulijll CA $y\\ (Jj9 Ajjj^* 11 CjL*j j j^aJI 



jlill 46 j 6jjij 



4 1 983 ^Ic- CjIjjol^JI a_^sI£-g ^VnuM 

jks~ix II £jjjj^)J&JI ^yo ^jJJxj 4 a hiL) AJjjLg (1.22 (J*S ^)Iajl) Cllljjai^JI 

<L^j jiuu CjUI£ Baculovirus Expression Vector Systems (BE VS) 

Alla! Jjjj Jj ^aJ 4 dl$ j\\ c*13i -lloj .£uil j (J^3aj (j-° (j^ *Ul*3 j 

4CI1I jj&\ 1 i" il n*i j^j j 4 Cj^LSiLuballS 4 aJIjl 9 CjLjJj (.“ \\ n*i jj j <jc- jnanll (j-o 6«lpc. 

^ai , W'hiAj 1 > J}..^ aJI*J 3 Cjljimjj to k'siA ^Lai^l J 4CllLajjjlj iA-Liojj^iS dll dddui j 

(j-o A.-aJo 'll Jld tciilj ^Jj Aildaj .(cDNA) ^a-do DNA dLid-c 

Ajj)j*s\l Ajlijll (Jl ^ a ^9 dlijl ^ <ft\l jjAxl] ^jjjLujVI (BEVS) iSj } K ^ 9 11 

.4 \t>s% i*s t\'n <. q>\*) 1 J 4dLdilj dl Vnu^ J] yjl 

(BEVS) j£ H (j-A J (Jsl^j ‘CoIajV A_iaj_aoj/l Sjxall Jj 

Cjjlj.l*j]l jJjj ojjlxiall Aj_jjjLall CjliiJjjJI ( ja » jzf' CllLuiS ^llil Jc. W^J-^' a . 1 

ajiiiiall (JiLa 4(_£_JI A, i9 LjLa. ,J (jjjj^jll ^ic. Ijiaj AjjjjjJall 

(> JjjjlAiJI iaUjjjj c^nA^JI ^Ua-Vl <IilJ j tphosphorylation 

(Jjj£ Jaljijjl ?.Lliluilj t^glLall A i-v jl Jjjll Ajll*all (Ja.1 

'--il.i.c- Jl tLu^i. lillij 1 1 - \\ j ,at II IJU. J atj ^yc. Ajl jAii jl iCjjjVlj 

.AJUill CiUjIuiaII cjl jj a^UaII glycotransferases jl jJ-^l J JJ-ill CjUjjjl 



^3 lilljjj 4 jjjLall yLaJJ (_ja_ytjl .~. 1C- AjJjoill i" 'I \f'JJ,'H g"'' - ' 4(JliLall jj; » ■' It^j 

^ ^ ^ ji j ^ j]l i" '1 ; pMI ^ jj Jll ^ j^n . /.I' Aj^jlLo AjlIa1wi-q j Jj 

(Jj-aJJ jll ^A_iJjj 4 - 'I ^ glycans CjUISj^IxII SjIc- 4 aV'-^"' LaS . liliJLbaill 

j jjl^jj ^Liaj A U , .1 A.yVi^ Aj^aiLa 

AjjJa Ig.’iq ih j J JjA (jl I j'f-l Wn.'l jj tA.ia.' Jll ^'''I j vV'ill CjL^ii* (j^a (BEVS) 

. Jail Aj^*JLj (aj^wjLo]I 3^}jl 
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Jald^)l A-a^. jill -Ixj La dj^Li Axj ddl£ I jj I (Jl jxJl ^^SJJ dllil j 

Jl.\nJ ^Jl ^IJ j& La3 cAj 31£ ^)jc. (djl jjoi^JI LiL^. ^ di jjVb 
j)»^n* II ^jjj j^jjall j-a ^)JJ*j]l Jsl^j A * IVilj LujLujI 6^j)Li*II djl nV'ill ^naM A-aJajl 

Ij^Lkj Aj^lLa djl ji* Sjic. dlLAi djljA^ll l2)Lk (jl ^a dlli jc. ajL^VI j (BE VS) 

^)j£VI lg-La^Jj cl^jS n>I' c_ic.jLill Aijl^a] j A-S *cs^J iN.nVIll 

A^dlill djXdaill JSYI jjSjJIj Jill^-all illo) Osmolarity ^dalilll 

AjL-a^U Lg_daJ^)*j (_£.J DNA II (j* ^ic>l djlj^LuLxil lA^)iixjj i l^.Y* 

^3 ^Aao*d tAjjj-ajtJl djLuj j^)jall (jl idlE ^Jl AiLdaVL . L_J ^diLa j j-^a.C- 

^^1111 Aj.1i* j!)lj]l jjjxjII JSI jli Aj Jl* End SjjjiS &JA^-a djl jjol^. IjjLk AjU-aj 

djLai jjjAH j£-aJ tdUi ^Sc. c-ldj .(^J jll Jj-a^II ^Jajl) Ljj/^JI £-a ^Knul 

^)l^)daVI jjAj DNA II (j* S^jljfLJI A_^.^).lall ^JaaSI £-a C E^’n jl Ajjj-ajJI 

jl DNA II j-Q djL^.^)A*U j£-aJ l-^A j . djI^jtM^sIl Ij^Lk AjL-^aj ^Jc- IgjjJlLiJ 

dAjjjjjill j^a aJjoiLoiI ^>iuJJ 6 AjAa. i**i\ jrs 6^C- j-adaiil AjU£JI Aj3 Laj 6^>jjS jj£j 
djLai Jjjflll (j* ^mMI JSI A^aJaj^/ (_£^)^.VI dj il ji*II j-a c I » d>jl . liijUa j AJad^all 



^jl j*II ^3 -li^. J<; i j-dll ^-lc. djl^)jaL^JI LiLk. Sj.33 ^A (BE VS) Ajjj-saxJI 

AjjdLall dlLldj^)JI ^IjjJ SjLj (J^-ujJ cg^jjAj ILa j (1.6.22 Sjiall ^JajlJ A^lx-all 
djLalJ^)j3 LjjLujI ^A Ajj)).^l* II djLaJ ^^)J3]|^ . ^uO (_£ jlul* ^Ac- A-jj)J^kll dj^Lc-LLall ^3 
^)j^ajdi,j dip. i(Jj| _^*JI j* SJ J-^-* aJj^joG I^j^Ij djULull jl c" )\ JOMI A-da^-i* JJC- 
dj|^)jai^JI IjvIai Jak £-a (J-aLsdll j^-^ dllil . djlj^l^ylll j* oAW* ^l^jl (^ dlli 
^)JaJk (_^l (J£dj V l*jl tljjJ Aj * ^.1 ji^,l Ja _5^>d j-ida (_jjj j^j^II l-i^J AjL-a-all 

. ^lldVI AjIaC. (J^.1^* j* Ala.j* (_^l ^3 jjl*L*JI ^Ic- 



A nx * L-J^JC- I^jaIj AjIHc c*’ UtijI dAA ^jjj*1iSI A-<Jajl jl^ cdlli (j* 

A^.1 jl jAjj . A-<i^. jjII A jl*c. Jj ^jII djXi A xjIIj Aqla'i*!! l^j jjc. jc- I diau 
lAA (ikb 1 g ic. ^)J*-*1I djlld jjjII (_^j J juia ^ Iaj^I ^A AjjujLujVI Ig KUa* 

A-jj>,A^aa II djLai Jjjill j-a ^),i.utJ.II Jsl A *]^N aJI-^51 A* nJall L^^l ^ hi ill 
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plOj t> W Ajjall (Promoters) 1 CjlAaabla.BEVS 

ClljAa (j^ alalia oJiS ^aA jiVl ^ail (BEVS 51 ^Uaj LaEVnul jj£VI 

AjIAj A*j sAjuoI C. L_ljAula]l JxuClil jg L i jjl (jboaill ^ya <A11a] .AjLaaVI 

Cllajjjl jl (_£jj-£Utll (jaijjjill L3Lk (_ jauJalii (_£a 1I 4 ^ALLaiL/ 1 j jbll 

• (3.22 (JSLall ^Jajl) . j. il-iVllI llLLaC. ^3 AjaaiLLVI J.al_j*JI 

(jaM ^ua 1\ csjj^axtt AjUaVI 1.3.22 

In vivo baculovirus infection 

. I ji .«V|I CllljjaiaJI .Jl. .n 1 ^^lill CjLuijjjall Ji3 Ajj..-i» 11 ejLuijjjall 
tl <U‘iiyt Aijlij tAllAaJI AajjJ^ tAj^jlj DNA dlLmjJjall oAA tillLaJ 

^^ajLi. Aiii-aj 4(_£Ac.l3 ^jj 150“ 120 (jl'ja (jx Ailya 

oaa Jjc ^ii .(Nucleocapsid si ji* Aa-aia ls ^A) ( 3 jc-) Aibac. J13 
1 Sj^jHaa (_£_ja^aC 500 Jj51 liJli&j iAlL-aui (_jaa CllLaij^yall 

jjaaijjAj^ll Cj'AiAc. Cllui j jj 3 ^A l^ia S^jjj jA^L/l Ac. 31 J . Lilia. 

^aUaia.1 Jab Aj^ jjjalt Ajj^i CsL^uiall ^jkZ ^ill tPolyhedrosis 

( 3 c. jAiailll ^3 Lai Aaliaail dlLai j^ill Jl£l c1H_5 • 3 .' J L.Cj'jJ' (jJp J 3 J (3° Ail 3 -a 
Autographa AjJJall A . ^.all sjja (jaijjJ :laA <jluijjja A_ujill Ciliiall 
Multiple nuclear ca'aiac. aA*3a ja j californica 

Bomyx mori jjj^I' sj jj ^jjja j tpolyhedrosis virus (AcMNP) 
.(BmNPV) (jJjAlgJI JA*la U^JJr 2 Ljojl jAj 

n-^ll jjl»~lll (_pa^>aj ^1 Cl' .a-i.>i^..all (jj&j t tbl j^ill aAA JiLa 

lAa, AJlc. CjLjjliui.a .1 AjjJI ClV^LJI ^3 (jjjAi^il _jill (jJJjJJ ^Ciii ‘iHAl .AjjS 

A Li Ay I ^aLuia-Ll JjSn jaLa!iAyi Lb . (^JuaOiaAl ^^ISill (jj!ij^)jll (j a %20 tjLa.) 

Ajjball *A_la'i_a.y I J ' 3' 1 LaAic (jj jAi^L 1 _jj 1I Aliliu jjj (jx AAlj-all 

4Jj (jiJI DNA cbUjll (jc jaabl A f»Sajj DNA -i' a* <ikia :promoter 1 

La A \1 j 
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-Ixj ^ 4 ^. jjj 4 ^. jjj Lq J j\ d jljjj j^)J (j- 0 

^LaL^Vl 6-^A (J^Jj Ja jjja) dlAJ 4 tilli&j .(3.22 37 >'21 ^>iajlj a j 7~21 <3^)2 

CjL^aiaall ;_j1Ll1j t ^ Jo . n_^]l ^*-21 12^-^ Aj2ifrlj ^r .a. Vnl a.3^)id dLoijjjS (_jIX»Jj 

talj2l Jl 1 g H V Vll -}*J i_SC.Lia2lj CjLuijjjal! aJlA l.lij . ^_pL| JPJ . .ill 3i.lj el_ji2il 

ta j> : .i^»H <AC.^}iLaJI CiLoj jJja^J ^JJ dlc-Lau 8 ja. Jbuj 

i " \\ i jj j^)J 3a.lj Ig'iJ-ilavl lSJt' t L5 J P‘^ <jU-alj ^ajij J (jfLaJ *■“ 1J^» 

i l^ia 4j j£-2l CjlajJI d jd j I2)lajl JUn i La JJ 14 7 d-J j . (jj jJU^J j2l 

dll nit Ji.u ^^ic. J jiijjj “Cn2i! a (j^a dljjjd^ _j2l J^>a2j 2dc- 

• -4- 1 ?- j- 4 ® jj21 j' l s jr^2 




A j \ aC- jjjj o. tioll JJ 1 '" " (jaijjaAlL 2jdaV' a jjJ :3.22 jdll 

(jaaj 4Jb/u.itj jj) £y»> 4j) jl _jA c,_jdl ^iiioll ^ d lilljj ^lajll ^3 

JUL^I fdai Jiutu V dij .(cDNA) jdaJI DNA !l £yt a jld. - 4*la3 ji t-ijaiLa 

.^LuiaSfl ai* liLiii Jal <> a jdaJ *1*3 5a.la Vj occlusion bodies (aLUVI) 
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ujLuijjJdL 2.3.22 

In vitro baculovirus infection 

^gi A j » j j 3-> 4jU^aVlj AjjlLo AjL^a^M AjLaaJ SjjlJI a (jl 

‘cij^l L>* LMjASGAi^ L)& jj cs^ 4(^aJI ^taJI 

cDNA <*J=>a jl L_J ^joiLo jj^»J 4JI AlLuil j 
Aj j>.x^aa 51 djLujj^jjill L-IJjjjIj ^3 jn^AVLa*a5l jjn > J Jl jjnfl*i5l jj .jULLVI 
J JjaJI j (Homologous recombination) JLoiail L_jfcll Ua aj jLlI 
SjUc. ja JjUlJI L_mihll jj .(Site-specific transposition) aa^II J j*1I 
JjLqjI! j-o ajjJs jl (aJjLoa) IJ Aajl DNA II j* A*Jaa (JIaiLojI jc. 

a A i*iV I C-JJjjjL—llI j ^l.AAiViVI JXk (J£juh aJaxJI &La J-sa^jj . LgJ 

Jljjflj]! CliLojjjl AaLjuiI Jc. ^g jJVn^ AAa^.51 J^-all J JaJI Lai . A jA.ll 
^juJall DNA —II j* ajcLS JJ j* (Restriction enzymes) 

fiAjAa. 4 9 La JL^.aI jS-aJ 1_A -lie. j-a ~A. YW ^ CIjLLuoIujIj A-ajjuj jaII 

J5I ciliJ aLLo-c ajaJjJS cIjLLuAjujj c«Ll Jal j^a. J DNA 51 j-a 

(Ligase) jLuV ^jJI ^1 a VuAj ^15Lj u*Jj jl 



^-xjjJ fi JaJjal c." i*\"i £jLL J<; An L_J^ujLo]I j j Jl £jJa^J 

jjj J^)JI J) L-ljAuLall gV^II jc jjjjmII I La j-ojJaJ . lAa. JJll plO J jjj.\)g.}5 Jl 
4 JUJI J J Jl jjjj J Jl jJJ jc. jjjll j-a Vaj ^^)jLilLa5l 

6 <«_J^ja)La5l (_£ j)x«o* 51 JL-aJ S^)jA j-a lAa. S^aLi-oll Ala,^JI .4j» nLill 

Aodjiu'I djLojj^jill jj jc. LJlaJI c_aajjj cJL-aVI j-a acLoj 36 Jj 20 J^Lk 

. l_j jjjjLJI jjl CjI Viu jc. jmMI j £-ajII J Iajjj 

l" . >i . >>\ ^xxjjL plO 51 j jj^)'\)^ jl_JI CljLjnjJn^a A_Lajaij ^Jc. ^lLxx^nJ 

j-a Ac-Loj 24 Jl_^. Asu 4_jjjoiLa]| djljjj J^)2I jc. lAij L^jV ^15Lj "fi^^LLall 

— 48 Axj Vj 6J4j£ CjLloSj c_j jC-^JI jijj^)2l ^ tt^UL] 4 >jV^j .AjL^VI 

& \ L>c- Jj ^^.L1 a]I ^LijJ I La ajLj jl j^-oj Li* » j'^'^l) AjL^aVI ^.aj j-c ac-Luj 72 
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LiliJll <jjj jjjflll oLi^. S^JjJ <^133j tL_J jjoiLaII (j-G (jiaA^j-G 

A^IHaII AjjjoiLgII Cllljjjj^ll jl (j£-GJ Lg£ .(CjLoj Jjjill (J^.1 (j-a 

<jl (Jj 3 l^-X-LU*aJ ^aJJ ^\\ A jWl jLjj J^)J CjLgJ^jI A ]~k t nl £J^joJI ^Ja^kllU 

(jl (j£-GJ (j-G (JjuiLaLill I^A (jl .^_a]siC.VI 0^, (jjjj^)JI ^tjjJ (J-lx_-G (Jj-aJ 



(Jj-lxlill Cll3 j]l C > inrti A-G^.Jj]l JlxJ Lg CLl>Lj^XJ (JLgj£! J1 

(j-G A_lg£ cilliA ^jjSj ccilEl .CjUjj j^)JI j 4_iiiJI (Jl^j (Jj3 (jjjj^ll J-gI£3I 

.Ijj^ (JIjlS ^)JC. ^jIx11g]| (jjj j^)JI 

> 

-liij ^U.jll ^k ;jj£j CjI ji ! ii^.\l \j5La. 4£.ljj dll iUc^ jiiSI (jl 
cii^lij t^lc. J£aiu .(6.22 SjSilt jlajl) Cj51c.Isu]I ^k cAaij 

: C ci' t> CiJ^- Jc-^a L $' y4 L$ J ^ lW J^ 1 

^3 ^aj knij (j<u^> ^jaV' tjlA ^3 '. ^alll ^Jy2p • 

t> J« 1 JSJ 4jli. 10 5 X 4 J] 2 (jJJ c5 j£=4' (JclLall 

^JC-U-ajll j )_yi»]l Ajl^j _jl < *3 . W ' \ a ALa.^a ^Jl lAjlii£l ^aJJ tJaxu_j]| 

U^5U ,J»3 U^J (J* 1 JS1 10 6 X 3 ja 2) (^Ji\) 



.C-JjoiIxg BE VS Ajjwi* 'I CjLujj^iAII <j-g ^jjjian ^aUaj aI^jujI^J 

AjI^J jl L Qj>.roV^ a!^.^)-g .lijjj I AjL-^V/ • 

Multiplicity ajL^VI c> o^-c Ajo a c. jj-Jl (^.-gLjIc. jill) 

^ ^ j! jjj jl cof infection (MOI) 

c 5 ' (Plaque forming unit) (p.f.u) j 0.05 Jl 

10 Axijj-G (s^.1 J Ajl^k AjL-aJj CIlgIS -1-lC- 



(MOI) L qC.\jJaJ (^ jjluiA ^jj A_l£jabG C1 jI«^.j 

A_jLx^aj (JjjEs ^\3*>x**i<all 

(MOI) L_kc.laJaj L-jLut^. (3^-^ . Ajl^k (JSI aJ^jouJ! 

:(0j-JI jM c>) ^1*^' 



^xlini (_g 'jj"^ ^ 4 e_lL-all Jajai^ll ^Jojo: ^^ic. AilLai Jn*) 4£.^)L<» I ( P 1 3 C| U G ) 

6 -1^.1 j 4 4jU-£aj lJiaJ j . (Jj-all^ 
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MOI (p.f.u. cell-1) = o *. Jj (p.f.u. ml *) 



x nil ^^-uj 

(MOI) AjU^aVI <— kc-Ldj jILaa] JSI ^aJ3 dc. (jij j^)2! dll^UaC. ^jjSj 

dc-LjaJ ^ jJjuia] AJlc. dc. (JSjjjJJ tiUj qa (JjJa3l j! t^jLuiLa 

6^)43 j . J^Ial dUjjl c. Ajkjjj (Jal (Jajjj La tAjL-aV! 

(Jl^j <1 £joia ^Jj AsLjaVLj cA-iIax-II <al£ ^^3 SjL^j ^ Wi (J^k! 4jk-a] 



4 j\aC- A^ILlaII 4j\aC. Laa fc dl^Ljaall <jA S^)Jj£ 4 _ia£ 

JjUaiJI 4 juoiI j dljLctC. <ja (Jjar-uij ^aJJ L-DjoJI Ia^J 

. (4j\^4-^J^I] aISjuaa 1 0 5 MOI C QcAjJtxI qa (Jlc* (_£jJjuia 

(J*aj Ia c ^^ juj (J^j^aS! <ja ^)j£! CjLia£ c > )\lrk\) 6^A AjJuJaj ^jl V] 

L VcA jJgj JluiA 4_aj 3 «la«ld J^.1 (jA Iaa*_a Li ^Lild i\k*n 4 _i1axJI &AA 



.JlaVl moi^v 1 

il" Jjtijj Leslie. IjiA l-lij I (jjj^j^j-dl ^jCr ^jjjxjJI • 



dtilaJI <jC. ^)44X4 j1 Ia Juc. ^aJJ AjL-aVI (j-Q AC-Loj 24 A*J 
^_kc.Ljaj ^ jJjaiA (Jj-c C(JaI^C« 6 AxJ ^Jjljj .Aj^jujLa]I 

AiLjaj A^^pj cJ^IaII (j, i^k xj.i^V I ,MOI 



^)kjl^ Sf-21 j Sf-9 (JaIc. jAj jj^aall AjjkJ! Ailj£]! 

^ja ^ i^a/aA^. 10 7 (JjSj Ia ojlc- (3.3.22 Sjaill 

A-jlxl\] ^JdA CjLi^JjI jluil ^al.’lVuAj L£)ldU ^ic.1 ^ 

f Ull sikij Laa 4(Jk4il jjk) ajL^V' 72-48 

^jjj (JjJaaV! C3 Akkj ^a*a (JjlVn 

^Jj ^jjj Jij ^jLjTiiil (J-1 *-a ^jj . <Ikj J ^jjj j^)2! ^ )u^al 

dal ^)joi.^.\ 1 Li^d (J^*-aj ^>5klu ^A 4_ij <kuj!^J 

£a Lj-i^)k L-JjoiLiIa U-3^ A. , n '& j. S F - 9 

.(MOI) Igic-LjaJ ^ j J Ijaa 
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dljutaJl Llli. JajJai j- 9 AjjLsLSI OlViull 3.3.22 



Commercial products from insect cell lines 



Ca,^-s“n>uill A-lj>.->»11 dlLm j J-iall j dll j Li -S II LLLd Ll^jl jjlj jj 

# > 

AjjlLa Allis, Ijn.n i*J i^adda f_g jluiai ^C. AjjaaiLall t." ll n“i jjji] (jjldlil 



jC. ojjaadall (JLacVl (ja Ida (Jjlall iilL& kill] . A JJ.VlII LILLI Ls.jl J ll\l 

dlLaijjjall ^y> jm'l JAljj *Lalaj! (jaadii 1 ^^lll ^C-l H<-il' (J j.u,n.all ^^Jc. dlLlautJl 

Jflljj 4 .alVil (."ilqnJ-i"' LaEVnul jjlVl LLLiJI tjllj .BEVS Ajj.^ikII 



La&j i Sf-21 j Sf-9 ^jooLj Ajjjatai BEVS Ajj.^ntll dlLuijjjall jn*LI 



Spodoptera Sjda. ik. j ^in - al l jaa l^Jjc. ^pll LLLiJl l>° jhsjj 
t(A -.kH AjLLjs. Ali^aa jx dujkJI oj p Alii ji s jA*. ^}fnij iperda 
s j iji tjis (> (jjl t High-Five BT1-TN-5B1-4 j Tn-368 L1L. j 
ja> ^ jki Ajjli. la jLi. da^Vi J Lai .Trichplusia ni A_uA_a]| i_s jALAI 

Drosophila JiAl AJ_n j* jjljjjtLI) SL-3 j SL-2 Jla cdljai=J 
^jj^' W tAjjaiLa Cjliiijjj ^llij (4.22 J >dLl jlk>l imelanogaster 
jjlla (Jl.'in (SL-3 J SL-2) Ajjl-sll JajivsJl oi& ^Vlm'l . jlil jjAlLlc. - lllJ 

. dll jLVl LlUd. £aailj (jUaj ^glc- i_J jaaiLall ^^JujjjLl jm'lll A^.da2 



AJUlHI (ji Laliiduil jolSfl dljaais.ll LIU Aajkl 

AjjtsJl 


:4.22 Jji^l 


CjI (JA bjlulA 


jjlsJl iaUl 


Spodoptera djjLI lip s jdb j^n-all 

frujiperdo 


Sf-9, Sf-21 


Trichoplusia ni LoLLI djiLall d a jid. 


Tn-365 


Trichoplusia ni AauLSil djalall Sj ji a jAd 


High-Five BT1- 
TN-5B1-4 


Drosophila melanogaster JdJl VLi 


SL-2, SL-3 
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ijjj SjjiJ) i CiLiLSai LiLiJ ^jiaJI ^LuiIjVI Sjjj :4-22 

tj»i <Lu) Ajli (jjj lilSj t(mitotic) ‘LJajaJt AjjUauLVI tliLal ■ .I'iiVI 

(Gapl) G1 JjSfl ial jJI jjia :4 j*jiLluS jljiai 4jujl £y» AjlaJI » jjJ _L!Uj s jjjSI 

jjJa jbj t (S phase) Synthesis jj^a ,_$aj tphase 

ji ^-u^alil Jju Ls jjh jAj .(Gap 2) G2 phase <jjliiSI <Lal jl) jjhj ;DNA SI ^jluaj 

. M jjLJI ^LuiiSVI isu La 

Aj^iLSI CjI lilujifl cj| jjj 4.22 

^Sj Jill (illj J c^niaJ^. Jij <L^alill Sjdill 

<j-a AjJkll Sjj«ill L— alllij .(4.22 (JfLuill Jail) i/JaJ/ 2 JJ-^I tclmll Ail-xll j I 

^jJallj $ Jiij^ll ^ jiwflj ^)Ja ^A J ^(Gctpl) G1 ^jjall IAajoJj J Jal 4 juj! 
La jl «i*j La jja t(Gcip2) G2jJallj *DNA — SI jja 6 S 

^»JUI CllSjl J . ^,ia,jAll JuikiVI ^jja 6 MJJall l^iaJj S^JaiaJI ^LaikiVI 

L»-v \\ 4jt_i±la ^Jc- 1^ 0^-J ^AxlLoj 24 Jl ja. ^A AjjI'GI ft^jjdSI ^LalaV 

4<jAiSil L£>LaJI !)LLa) cjLjjjdSI UiLi. Jajxk (j>i* ;S ^ jikll 

i** 4 G1 (JjVI (_^^u^.:?kAll ^jjall 4 jaJl _jjLu J (Ia^)JC«j 

'LaJ^UI C2CnsA\ dJfcLlall ."<.**ll umSI" ^)Ja jl tGO^Jall 

(jSjJaJ 0 JjLaLo Lj^l^ Jfc GCJJa SJ_^^a 3I Lj^LaJI Jo* ) . ^)o jSI ^LuilL&U 
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j \,g j jikl! ^LuaijVI £jj^ ^ IAj! (J^.Jj lg_jl (_^l 

GO £ j Li^liJI \\ 4-jl Vj .I^jLa-q £j.wx>\I 

djjJa^JU La IjJ ^ j»,\^, 1I ^aLoikjVI ®_J_J^ ^3 (J^^.^JI -ijlxj <jl ^Ajjli-alll Lj^lrLlI ^llLc^ 

. ^ C U uLLa (_£ 1^ C_JjaiLLoJ) jQ^ ^11 



<kj- J] S-G2 j (^ kaajll) jljaluiVI jjb <_jl) G1 J_jlall J_j*J 

Ail (jja ,_^2 S Alii jj- 41 LlLlill £- jl^a (|_£ JcU-SLilt j_jla]!) Li >'ilill ^1 mViVI j j^cu]' 

j-<u J5li ,G2 Alaj-a Aaljll JJ^a (jjSL t(Sf-9 HiLa) Cll j4rs\l U>La. (_J.il 

(jiaiili LaiiJ tS jjfallj G1 jjla ^ LLLiil Afmi Alika klkja t Aaj. : i^.'l Aalill 

^3 ok^a^all laLLill klkjli t(_gkc-l ..a’l'l j^lajl i i * <^)i ~i ^ .JbLk j . G2 J ^3 

^3 ikl_jlmll IkA h*v^Lij ,S j G1 (jajjlall (ji~i3*t 'm Lolll G2 j_jla3l 
LaLli. ^Lmiil ojjk (jl . (jYI ^glia ' g'n.il jk Cilia ^^all tllLuJjl! laLli. Ha j Irk ^ j^-v 

LaLli ^luikjl Sjjj (j-a l.\;3»~i jii^l (Sf-21 j Sf-9 I24i 4 > .4 A j) Cal j.li^ll 

lilliA .(jjiL-aaia ^LaiSil ^jjk jaail Alil£msl Ciaa (jm CjllJkiill 

G2 j S t(2n) G1 t4j» n«oll 4 i u.a'1 Aialia Aili. ^LmaiV 4j» nfill ojjkll 

AiC-laj Aali mVil ojjk idlkA iAiiLall ^3 t(j£Jj S(4ll Aaiamall Ajt_imall AlC-laj) 

Ai-imall AiiLaii) G2 j S i(4ll A ; j u^ill Ai_lmail AaC-lj^)) G1 tAai-imall A in>,r->'l 
^a a j3~i * Sf - 21 J Sf - 9 fl-4^41 Jaj)l~i^> (j_J^ .^8ll Ali-U^all 

lA_^aj aljjl X'i'1^ t aj A.'l'.iSI j ^La.li!4J Am' m*s l^jl \i ' . .n ^jl lAjjlil' Al 2 kljll 

jl (Polyploidy) A )i n^>" Airmail AiJk*j JJ l£-5J 4m ^la.jll ^ 

La Alla. 41 (j! .(Aji-imall A*_bmall AicLj) AiiUill Aljili" Sjj4I 

l" 1*v } ^-aLi^jl j_g\ ^g 3 ^§-a _jA Aljli" ^LuiSJ^\ 0JJ-i j_^3 ^ A j' 

(j£»aJ .^rnulj (jliai (j-lc- AjjjoiLall CllLliljjjll iJ!LaL/' ^LuVI ^^11 J_jLl C^LII tjjjfajj 
^l.'lVnub Aijlill ^LoiiiV' ajjJ ^ LLlill ^3_j-a kjkaj (j-ajj ^^l ClLmLialL ^Ljall 
1 g"n'ii^lka ajiui Ajiiiaj Ajiai LS &J t (Flow CytOllietry) (_£ jlill mjLimjyi Ajiai 

.(5.22 Jlbllj 5.22 s >3! ji^l) liaV 
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(!) Ajli ^Lmlil ajjL ^jiAJI djxdfl AjjAj Atad jj Jjld :5.22 JiLJI 

LILA J! A uuIlL .aJjiia LILA J DNA II j y'- ' (JjiLui) Jc ^^da (<_) ljLuAj AjIAj 

Jjjj ‘S jjlall Ljju t (n2 AjAxad! ALudl (Jjj) G1 jjtaJ! jjl A_ail! Jjxj uliLuJjI! 
Ax&l JjxjS Lilli, Lai ,(tl4 Ajxjadl AjLLua]| (^cLj) G2 jjlaJI Jc Adljl 4_ai]| 

Jc Ajjli!! A_aijl Jjj lad iS jjat! Ual t ( n 2 Ajijadl Atj.yatt Jljj) G1 J j I 

Admail AajLij Ajli 1 u 8 il a jjJ jx (n 4 Ada^ail Admail (jLj) G 2 j Jail Jiljj 

Adadl Add! AjcLj AjIA ^L.iV'l aj jJ jx (n 8 Ajddl Addl JLaii) G 1 j Jail Ax 



Adda jjj V La. Vic, j! (jjlSl! (jx Lja. 1 ' 1 ''" 1 Li.VlC iAjxjjU! Ijilu J 

J 1 "'.'*“ G1 (JjYI Aa.1 Jl jja J CjluJjll lAli. -dl jjj cjxLxx <_)dL * 1 ,, °~'''l 
Jdx Ji A ^ 1 A"i in d dil ivVill L2Li (jjj .A_ut_iila]! (jjj j^>j]| ^ n. ^ i’ij >, ; V I dllLaC 

l il Jc. ajjsl] ajsli (jj£3 la£ jljxdL jjISjj] Aijix AjjjjJI AjlijJI dLLaC 



^Cjj Axil (J 2 Li (jx djxj (jl IALAJI ajj jjaj Lllji . ^LatiVI ajjj (jx 

.(Programmed cell death (PCD)) g * jJI ^ adl d dl J (Apoptosis) 

cAiljjll A ilA II U_ja i_)xajLxaA ^Jc. (_£ (Jxsdl Jys J'Ail tilliA (jl£ 

^x^)jx]l ^-jjIa II d^jxi! (J 4(_£ ^1 All d jxil Ailxii! AjIV L (Jdi LuS L.o A 

Igj j-a dLll J dLa jladii idljJdll IAU. Jl A_LdlL Jl j (Apoptosis) 
liljd Ail^JI A_uijjJI IAUJI j Sf -9 JiLi (jl (jd La-a J. Jj iAlih 



■'■'H 'idl Ll3 j i A Jll (jila£il ^Jil i^c-a^)jx]l (_^ Jii! d^xll CjLxIja ^jd*j 
(jjjLa a V1A1 J i, ^ a. ] jC ^La^lj Alaj^LjAiyi A^dall A I aVil j 

dlijJ d^Jil 4 (_j^)AI A^_^ (jx .DNA II (jx eJlda sl^ikl Jidj t (jj 1 » y ^ill) 
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Sf-L£Adll (j! cl_£)ldSI ^ ^ 3 ^ u -0 (jdc- (jdlA u^ j J^J' ^ 5 ^ 

i VWin l^Lisu d^id 4_i^.jjd C. 0 -o^)j-c (^j[L. d j-q 4_i1aC. Jjj^Sa duLa 9 
dil j-lidill ^liijlj tSl _^SI d^^Ju <. Vi^‘dSI jdUjjiiS <. JaLijjlj dl jjll ( jj * * 1 ^ i) 

dll*-aSI -I&Loij .DNA SI (j-a oAh<a s-I^^V (Jlc- ddHij 

l£UJI L^j ^)d ^lll A-ixdaSI 0 -a^)±<aSI d_^<iSI 4\\aG> j Uj^ 4.Aj\C*^ J)^)^ nlS 

<ldd (jl j)j*s\l Lild ic.^)^-o ^3 0 -o^)Aa 3I <_£ _^idSI dj-<JI (jl . ^ \)>g S' Aj-o^)^3I 

• jJ^SI gHaSl (j -o (JJs g.1 3*iC. J]j ajjila dl jkc. ^11 AjSJ Lo Ulc. <dald 

(Jj-aaSI j dljAidl AjJj, W a) (jLi^VI L-llc-l ^^3 ^c-a^J-aSI ^ j)S*sSI dj-oSI I AA (Jj-g Jajj^j 

(J-ol jc- .i^l l_iLic. jl (Jjlj-udSI a f\\ *il ^\\a ^jc. ^.LiSI aI^_^,VI Jl AiLdVS-j c^lo^^UI 
Up j[L . SI d j>JLj ^ Vn ^1 (J-gI jj«JI JLiJld d-l^j SjjjS dL^jl -liAii ! .^dll 

.LildS! ic-ljj Jvlk Igjl^jjjti c > iKl c" ^- o^aaSI 



Flow cytometry 



ij j&1\ ljL-uJVI ^jjjld AdSj 5*22 



Id 




iidl L_jUuj| 



v^d de-Ldc, t_j^jj| 

( ddl 4 jj| jj w^jJojI dj) 






4 vjd dUhl i_j^ij| 



/ 



jUd^l d^lc* 

jUdVI ilk 
Jj^l 



JjM 

Ci^ J jJai j| 

1 vjd de-ldl t-j^iil 
(icjl34jj| jl f-ji>»i| did) 

d) 2 ; jdl did i—j^ij 
jjj ^ ojdii dc-ldi 

5 (jd t \|--1 i>i-. (_jjjj| 

(ddl 4 jj| jj ejjJzl I t*nd) 



4_4J^ jSj^j jjC’ L^dJI jd . LjladVI (j-uld jl^d /J adajj '- 6-22 J^dl 

Aj^Lal AjjIjj f jdll <Jj1uu (jjjld .^jdjljj dLuadl f jdJI f >dluj| CLua jjdl ^buli 

(jC- uiljaJVI (j* 4 90 •d' 4dli AjjIjjj ^btdl ^jIuj- 4 (jdj (j-da 

did ( _ J d ;3 dl^lxua ^jC- ( jdidl f-jdll i^jA 90 ijjl J dc- Luajl (jjjld Id . jjdl 



. ^ i S“l uiuUi 4jau1jj lilljj t 4-ilaJ| LLuj) 
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^ (Flow cytometry) ^jiiJSI I ^ba 

<jj 3 <jj£j c~ij% ia_jI jj^JSI lAibJI ^jl jm “Luiljj i. V'^-a (J£^iu Jl Jy V j 

1." n/il'l-all f. J 1 . 0 11 ^l.'l-s'nnl j)E. *_: !_K ,‘iii AjjjAll Cjl » Al'N A I 0 n ^1 y I 

cA VnJ ^ILij t yjJ j»a oJyaia LAlbJI yxj .(6.22 (JSjaJI yliul) 

AjjI jj f. j.^ill ij'Tn'in (j2JL ^ V- AM A ~n jVi (jj*_ull) Ci'nlnA g. j> Al 

c 5 j!— (jjiij (>4^ (Forward angle light scatter) (FALS) yAA 

. (a jAII) ->j mi's 11 ^-»-s % jjC- A juh'i dlLa jl j)£LaJ j v- l»-J>ill (^JLajouj) 

(Right angle light scatter) (RALS) Abi ajjI j* * jb=JI yAj li 

jC. CllLa _jl*-aJ Lbj jj jjjlll A-a^^ U 4 ” 1 *1 j^bVI j)-a A^^p 90 AjjI j .lie. 

«. jjjJI ^jb_L: AVA . LALaJI ~ 'M «. jjJall jLAjl (_^aul >.n^> jl LALiJI A I nil 
iAj_yib — ^ ylbj/(Jbl J lil n jl ^51 j-a AllA ^^ill itjjll'i^i CjIc-I n^i jG. yjL-aJI 

90 Ajjlj .lie. 




(JSJjII AJab jj LjljSjia. j* LjLa. Aftjja jju A-iLlai ls ^A^u Jjlaj :7-22 Jitill 

flbe jj& j^i 4jli (jl jiaj V . (j-a jjL jii*bl f LuixJU 4jab_a LjlbJI jl 

lilllaj (jjll ijjiilaJ) Cjl&LxuaJI at <A1. ..1 j£ju ilUii .Jbi Jibj JUS j ■ •• 

AjAjjI Jla) ^aluill (_j^laJI fLwxll jjjfr I g *< aj V jiij lAjjii Jib Jaliijl 

jjJuj JjIjjI A X J . > <aj Ajliil jjij jl ^ I tbjtiJI AjLlaJ (j^iLiaS i^jjJjjjjjSI 

.Ajiill Cjj^> 
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4AjjIj]I La3LiJI jjjaj Aj j^)3a cCjLjJax^ll £>3 a Uj jjj 

L^-j .IajlaSI (Real-time) ci^a j aj^I^JI s^j-JI (jc« cljLq^1*-a51j 

(JSuuaSl j>a ill l^inLlSj a.i 1^.SI 4_ilc-li <jc.j *(5.22 (JSjaSI ^Sajl^ LajL-^^I 

a^jjliLua j^ja (j^Aj 4 jI tliA ^.aIIj .Sj^iiASI AaS^vSI ^jIxaa ^1c« (7.22 

(J^.1 j)A L3Lk jl lg-AA Aj^jIj C )\xA\yA (J^C- (j£aj l^.Ll^J «1*J 

. I^La^JjaI jl Ig U\^.J AjuIja 

(.** ll Viu jl 6 jII^-aSI L_Jjjo)Ia 1I (JJJ j^)2l ^tijV ^ J-* ^'u^Vunl La 131 

Clil3 Ij^Lkll f.l33jl lA-lic- (j£aj Ajli ca jjU"i < o Ajj^j t(jjj j^>2l 13 a (JaC. $.1^)^. 3>a ' omVi 

«^3S Ja^ ^^jjj)Wi\l 0-olj^)2l AJlxa jjju caJUI A_ia.l3jyi 

(J£joiJ . AjSaSI ^al xtiVll (JjSV^ ^ (_£ ^litil L^LludjVl (J^jl^jJa j)A -1 j.1*JI Ia^Vu J 
^33342 i**UmjA Aj Lij-a (J3 a^ DNA SI ala3 A_ac._^ S jjS&aa dale. I ^Vuxn t^lc- 



Ai_u-a < 



aAa j^aSI La3L^JI ^a (Ia^jc. j c (DAPI) J j-^I lSA^~ 2 ~ j u \j ^1 ^Uj - 4*6 

IjjLaJ DNA SI 3 ja j.wxtSI <_£ j^^SI (JjjLaS Ja.! qa ©3 _^Aj n^'iS 

Clil ar U ^ ^I^Vntilj A^jLuoa CIaIa _^1xa ^Ac. (Jjii.^^SI I >^ijl x>J .(_^j)\ASI ^al >»V^I ^jjJa 
A^JU-aSI -Ixj tilS3^ (^j^-Iajj^aSI AjI^^jI AjtAx^a 31 ja^ Aj^^iSI ^,ua,ui\u 

.(5.22 cJSjuoJI jlajl) RNase RNA — SI ^jjjL 

l$J ^jjj Iaa t ^ a jIajoJI ^LoJlIIj (_£jjll CIaLaIaI^. L3Li. ^ja> JaL^j 
C-LujC- ^jj«^ "^lj^ (jl Ajl^kSS (3)^^ ^ .A-a^llftll L^mIA-U ^a ^jlajjVI (Jj-aljlSI 

4cilS3S .AJc«S-aJI cJaIS j ^jSxai ^A^y)u j>3.Ajuj 

(J^lj JaliAjI ^Sl JA ^1 Sjj1s3a]I Cljlc-lfi-saSI ^I^VnJ 

(^jj^jjj^jII «1aIj ^jI iS^j ^jS>nSI ^^.S.^.SI ^LoJlSI l ^ v^aj V toAWxi 

^gJJ JJjojJ f jJ^AJj^iJl »1 aIj J jl Ax \t.*r) A j,S,A.SI (jjlS (jl (_^l tLj^LaJI jaj AjLtaS (JjjLaSaS 
(JJaIJj^) 3\3a C(_^^)^.l Cljlit Ax^a ^I.^**HmI (j^-oj .(7.22 (J^jaII j^jl) a,a.1-lSI Cj ja 
U^ C5^ * Ij^)Aa^£^ua. 1S (A.jjJfajVI^ A-iSS-xill ^jjjljiS ^)£l ^ jjja^SI ^)jJa^.l 123 

l£ Cj jaII jac* Ia] <\\<W Cj ja ^jaaI ^Jlij^)2l (jj^jj£l 



Ax u^a 



. jjfriMI J3L^ j)A jl 0 a^)jaSI 
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41 j \il\ jjjl :8.22 JSdl 

(|JJi. Jfrlia j (i) 

(jLsiiduj (i_i) jjj] 5 Ajlui 

LiU 4f.ljj J Jjjjj <j£d 



ujLj iill j Cj 



AjjjJI 4 jUail dljUud 6.22 

Bioprocess engineering considerations 
Cell culture techniques L£LaJI 4el jj dLiSj 1.6.22 



J JJ dLyii3l IJdj dl Jdll IJd tljdll Jic. j^-s^ tiK 
Jjjljj jl t T (jjjlj^ jl t(J. CjVjIaJI _)Ja. J) ® ^ 'll* * acj> 

t4jjl_jJ .3C.1 ».n,<ill dli d3/l&lLo jl Jljdll e^rtCiuui (_pal ja.1 jl tojljj 



,jj t Jl jaJl L2U Jl Jd3L JlaJI ^ U£j .(9.22 j 8.22 JllAl Jdl 

jl oljii-all 4*3.21 ^-J j 4*3.21 jl Ja (J J IJdll j) -a (jjC-j2l (jjj& ^ jj 



'Lljl'sll 4£.|jJ] Col*ll f.(jjJ2l (jxs -133*11 1 Jo (_j i?Vn jl iOjduiAll ^ jl j2l 

22 

dl ji« - sll LJd (j^ ij^ iklj toj^JI dil 2* <21 jj .((jjjLujl J^qll jlajlj 



l_Jd jjS. tl jda jjSixa 20 J 5 (jJJ ^jl jJL3 j?*i3 1 Ljjj2 3)1 £d dljjll j 

LJdll 2L<Uxj . (jJLall I.J Jc-VI 3aJI Jj ljj3 JS1 dl j.a'sll 

(jj£j (jl (j£*J (jjll t4_2c. j<i nl 3-i >>i Jl Jl (jl J jj Jft 
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t!AiLo t(_g jjaJI (Jc-bLall jtia. jj^J (jl (jS-aJ La£i .'j-sl-v j jl \ j£. n > )£)u l^Jajai 

<jjg > ^ lW _jl ‘(8.22 T (jjjljj jl tdilj£2l diU.U.j 

.(6.6.22 o^aillj 5.22 JjiaJI jlajl) <al*-a 



til Jj jjs jj£l -Lu^jjII ^ya ^ ^ JS1 jaj 4^Lujo 4 j jg y ^11 (j-ajJ 

(jaij£««ll ^llaj t l"'V1 •s.'I £.\a -s t(j£l J . ^ 1 . ,-iV I (_£ jlkll jjull ^Uaj l&j3jj ^^ill 

^jj . jLli-il g.YutM ' C »/' ‘ '-''j) Ll5Lklt jjl£j t_Ja.l jji (jli-aj jika-a ^Uaj jjxlj J] 
^Jbj jj£jj iji^ (IajjjjjjJ I.g.4j4-~>.Y (jj jla jc. Li5Lill ^glc. 4 iial ^ ^'1 

^aljl Aj51j (J^ t((_£ ^ Jjaj21 ^glc. -^' ft J*-J J\AA\^ /aAL 10 5 X 4 ^11 ja. 

jl AjJg >^ll JaI^J! ^ic. a_^ ^c-l^ ^Jaju: ^Jl ^Li^J L£}Lk]l .Ijj^aj 

.L£/Lk]l a j^j ^jjjLail L-Jla aIsjojI ^J a-uj ^ic. 

(Jl^. ^aJ^jl _^Aj 4 j)JjaiJ j!i]l ^aJ^jl L ^ L£yLaJ] ( JJ^>ajJ J_^C- ci^-l (jA J 

(j£aJ .A_ilc. jJajaJI jjC. ^^Sc. L£)laJI S^Laa! 4CjlijJ 

A_1L^JI a^A ^3 j£3 j 4plc-^]| ^ \ o^ijl Jajj^jj J (JjIxa C5^ J-^ Ij^L^I] 

A \\aG- a-UjI tUiUJl Ja jja^J (j£aj • Lg.jJa:k (Jjj^Ja j)C. A_1 jlj 1 g (j^AJ 

.^_ujI Aj^Ij ^1^. (Jj-^aJ Ajj)J*s\ 1 AJlxillj .JaS.!^ ^jl i A_iLjAx»u]! 

CljljJiu<JI ^ a\\\ (jl jj'sll jl S^uiaJI (J^l J J j ^.UjI Ij^L^JI 6JA (_JLo ^-lljj 
j3jj jl i _ ^rU.j]l ^2 a^A <c-l^)j ^jc- ttilli] .Aj_^oJI a^jjjll j)-Q 

^Sjll j 4 4 ^ > >>1 -La]I j 4a jl^^JI ^UjLo^ AjjljjjS Ja j d)lj2!x-a J-^1I 

aJ j*l\ ciliil ^ j)^J^)£]| Jjjal£l ^ilj J jj-N j)-0 (JS J ^ ^ \)> JJ-^-51 

,4.^ ciul£ ^ill (jjl£JI 



Li!>LiJI a^A (_jLa <C.I^^ ^.q.IVujj^II 3-<ull JaLujj^ (Jjj3«l]l L_li£^)jll j)j 
A x^aA^aV^II Ja^B JaLujjVI dil-ix-a ^]l j ^joi 

JaLajjl ^ jjl V] .aj^IaII c**n"\ -^L*ajI 

^ n^.jj2IiA ^jJaLi-c ^ ^\a ^jl*^ ^jjjLjoI ^ic« A^jIS ^A Ijj^j ^ 

4 Aj,uaV I (j^aLo^Vlj 4^^£^liJI (j-a Ax-^Iaa C1jLia£ (_5-^ ^5^-3 4 (jj^j^ 

La Ullc. _3 ^J ^aj Jaj>Ajj (j£ aIiaI aJJ jaj (JaI CIjLIiaI,^ !nk\\ j 
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Jojujj <jlS Ijj 4 k-aLa. c^jjaIj ijliJI 4 jlc. c. <al >>>j Clu^ ^ V W ^ laild -Ld 1 k^ax-aVlA 
(J^aj 4_lV 4(_£^kVI 4 _i1lqVI (jiaLaa.VI (j-c ^)i£l dliA^j cilli j tdLadj Laili. 
c_j£^)a£j ^jilJal] ^jAi-aA^ \ fc^njl (jfllj jjf^ ^.Ik-aA^ Jols ^jajI 4a1.W‘.u.u1 

^jl^. jjJlil! 4 jLjC- J jla iS cillilj .(^Hl jlail) ^lil l qL >rt 

^A ICA dj.1^. (JLaj^. 1 (j^l .^^)^ll ■^ a - AJ>1 J 4 j*uaVI ^jialA^iU cdl^ldlj 

Sf-l}iU> cilil^lLail JCjia ^jl dj^tAll <ja 4jJ ij c dl ^ jui^kll Laild 4„,uaillj JbI 

. A l.V?k,g.ll ^al^jVI Laild -lajla 4 ^ cililglLoi! ^JjoiC. ^A (jlAljjfrl»-119 



SC^^^aII jaiII JaI^C. da^jtla V La^Iic. 4_x-ald & ^jjJll ^aJJ 

j\ I (Jj^C. ^aJ ^a lJlc.j) (Jj-aA ^ja 4_1a£ 4iLdj ^Jj 6^^jll -^Ljujj! ^J3 

(JaI^C. (jA ^)j-alic. ^)IjIj ^aiII Jajai j (J,x^ia, 1I I^A .JaLuj jVI D-i^J ( Lg J Wl 

Jaj ^a^ka d3^1l J tJajoi jll 4jJ.il! S^.vLall Ljaal AaJaS (j^AC J 4Ji^)ajA ^aj 

. -la.iaJ! Jja 4-L^iaI! 4_a^)j^)jJall ^JcLla!! 
<C.L1a 3I (j-aai ^jjjj^jjS ilia) 4,Jra,ia^All j 4^^).1a1I (JSLolaII c_AiuJj 

-lie. ^y'xkxii)!] ^c.La,JI ^jia^)Al] l_Ujuia1! JaLxI! ^Aj) dlijjjillj (HIV 4 uC^aII 

4^j| jj^ J xA dli (Bovine spongiform encephalopathy BSE 4 jULVI 

4jj! j^ll ClaL 2 kjiA.il a! jLjj ^)ic. ^Jalg-al! ^A^Jjola]I (jluiiVI 4jU^a] L^jISaIj <jli 
JaLajjl ^a«lll (Jk^iA ^Vu J <j£. ^JVall ^ala tLJL^. .4_ai! LaiLaJI ^ jI^aI 
JaLai j\ (JiLsaII 4! 4 _i^.iLc. C—sIcaV Aa.^VuaiaII _ 5 -<^ill 

ClaliLCaj ^al .IsJlxx^ 4jLoijj j^i ^Ic. (Ja^ia'1 ^ja 4_iSLk 

A aJVi! ^3 <3j^)xa j S. via a ^aj JaLuj jl ^l.\ ^“utiLa 4 J*>ya^All cilia ^a (Jj-aAl! 

4<a.'iV'ua)a 11 ClaLxi^l! ^ jUll L-iijajj L^ij c : * n^k ^jA c4-J jl el^i dal j Liild 

4_j k ^aldllj ^LaiVI ^lll dLsklljt a 11 ^jl Ia£ cL^jIcIj ydll C t aar x^nll ^ja ^Jj-aJ 

^jjc. *k^Va\l (JaI jC* 4^Ldj . I .Vito* a _J4^I ^ b^a*a 4.j.a!4ia j ^t ViaII ^1 C^LaiV 

.^jLa^VI 4-ilc.l ^ jlilkVI (j-al 4i 
Laa LiUJ! ^ A^kj ^ nW\l (J'Nall Jj-aA ^jl jilila ^)J^)15 j LjJail cilliA 
^ajj ^jll S I j^-aII 4j jj^JI diLe UaI! dlc-laill ^La^jI j "till^la.^1" ^j3 
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4.6.22 «1xj LojS 6 ^A . lg.3Ljja^ 

cjLajJaj]! a ^3 a^aVu^II ^jjL*-a31j Lojs LJ .(5.6.22 j 

( 4 ^. WVI Aj«1oC. CjI^ajjaII Lj^Ia. Ja ^J jjjLLo 3I pH ^-*u.> jj-li^JI 

6.7 JM' /jajJa JjS ClLuiill L5Li. Ja jlvsl Laiu ,6.4 j 6 J M' (jAJa 

,^a. Wnn.all ^gj)l5ll JaiJI La*=Lll Ift-S-lau Jill 0 11 .all ejlja4l CjJjJ (j! La5 .7.9j 

(jjj Jj Lg_jl (jja. J tAjjia A-*.jJ 38 j 36 (jJJ ClAjJ-iill U5Lk (^.2 £ jljJJ es^ 3 
A .u^-y A_l^j jAill Ajt3Jl]l A jl.aC. (JjjilLoij . CllljjiaJI LJli. J AjJLa A_i. j3 30 J 25 
Ajli. 10 6 x 5 Jl j^. J] a Jill aiA J51_i. JlgjJI L5liJI jjj Jj-^j ,"n^> JJ 

.(10.22 JS4JI jJiil) jiiLLa JS1 

J jA CjLii2iSI U5Li.j alii j,All L5li. (jjj t ^.>.iiL.>iV I ^ »>< jl Jjill jj 
Jill diLujull U5Li. (j-a tjn5.ll Jxa .jhuII Ixujj J lactate l '^ 15N 11 Jlj 

CjI j,A 11 lAla. jlj , A . Wgl-all jl jJI ^3 A ~ 1 -a Clllj5V j j_j5 jlc- A nun jj.a‘n 
tj^a a jl» . .o A ..ia 5 VJ Am5\jj V j t A >>iq-k i.a jj£l jlij Cl)tj55UI J_i9 Jl JJJ 

tJaj-ujll J ,"ill55UI ^eijj V Sf-9 lAL^a .C02 a;>>i 5I jll jlc. Jl 

jjai .33 j . (50 — 40 mm) jj5ji*JI Jlc. JIUjI jjj £-« Ja. 
(jjJ (j^auia. aj j3 ,411 .al Igjl Sf-9 lALi-il JaaJ ^ > J-ijV 1 (jljjJI) , - il nmiVI 

•Ual£ TCA JX 



:10.22 JiuU! 
AjSjSa. LMaJ ^bdl jaISI 
■ A* 2 a ]1 £j> J Slj^! 
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lIiLjJjJIj CjI 4x4 jJ Ijjj£ 4 a „ a<I 1 jjg -s. (jiaxA ,j<ajLuaaJI :5.22 JjAaJI 
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jiJJ jl > AVI Lu.A jjV I * S^)ja ^yC. ^2 (^^jUI J>.->q\l ^lajl) 

j£jJI iJI^j JhU. <_> (Pyrovate) oli jj^JI J] jj£ jkll 
jJ <>) TCA “jj - 1 <A t(Gylcolysis) 

^LuiaII (j>i V-ij ( ATP CjILoj ji]l kyAAjAn ily* jAI CjLuA ^tijj 

ijKI g"nnl (jj£ ^ i—UjjJI jLuuall li& . CjtAVJI <i-a 0!iil (_£i]l 

lil^g'nul (j ^ diljx 8 6 (^Scl 4 n-s g II 4 _i^j_j]I lALaJI (Jj 2 jj-a i j;-^ ■ AVI 

^^ic-l ^ UM1J (jj-NJ. AjvU cHj\ Aj'Al £-a ^j^JJ jjj-S > A^U Sf-9 lALi. Jjjl-TS 

t^jAhtxi (JSuoiJj 4-i^.lj ^y> . 4 ’i g 11 4xaj_j]l lAliJI (_£il djl^ys 3 — 2 (j-a 

7-16 (jjj ^ jIjjj jAljk (High- five) <— i iyli _ (_sIa lAA. ^ cAj£>UI ^Al jjj 
lAli. y^a (_)£j t fin .all ClltAVJI jjjlj -LaJJJJ Jl3 ni!12 ,<al*-alt ^ jl yhl ^3 mill 

.‘La^Vha.all lALiJI jjj tCjl jiAll j CjLijJu]I 

IAaJI lA ^.igJI cijlaali-a (_ya ^yJ gVixi Lii_j2V! (jl 

ejLijAll lAli. 4-u.ah.n2v (jAij v"u>ij\ ciiljjataJI lALi. (jl LA .-LyljjAl 
(j -a (_)At-I 1 vLft j-aj Lj_^aVI 1^23 ^IjJJ V Sf"9 lA-i. (jli .Llj_^Vi 

^IAjVI t_g j"n .all A-ailaJ jAljJJj A]j l^-iS i_Lili _ ^Ia lAli. 

. fi>» _j]l ^_2 yj2v. ^yuaV I j (jjaalj_jll*l] 

jaaS ^jiuwa ejlLjjjili ^Uj) 2.6.22 

Large-scale protein production 

Juki 4-ial£ jlJ 8000 ; ->>^v i AjjjiJI eAlc-lLall ciuA 4 jj^j 3 ojik 

.CjLjjASI (ya <2vlua]l 4 .a Ml 4 7 li.!)laJI CjUjJj^jII ^lc- i—Alall <2vhi. 

la ' g » >>> ; (jl (jJ^. (A t(_3jjoi]l (jVI Clll -sVul l <_>2M-J Jjxaaj ^-a t(j^lj 

oiA (JlLa (jli i4jjjjiull t-JjlsvlSI ijjs 4i2a.^a]| ^2 (jl j 

1 g -a-N^v 4 jjLsj 4jj22a, tll!ilc.lLa] j!l]| hlLi. (_£^>2iJj v4j2l£ jj t. 
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Jc. AjjdLAI CjliijjjJI ^LuV dil LUd (Jl jj V . jjJ 20000 



Ajjj La IjAlj kiil2 



.dludJ 



LLLi. Lr*._jl J i5'n AjjULa 1 ihni AjjAi. -»-s d ^jima 



(jAi, ^3 tjiA 10-5 ( _ s i& dll jin all ^3 A-aAidaa]l AjjjaJI dLlclLall .-»■%■% 

l-AJjai (_jl Aa.jJ V ttiSli £-aj .Ac.' n«-i'l ^3 ja^I jl IjiA 60 ^laoJ ^Adid 
t (Jig u.ia'l ^3 i ij j5j . >i dl jAi^»'I LAAd £-ljja d'-Vna ^^Ac a-ilLAI (jl aIAAcLU 

. jdl -21 dijll dLuLill LUd ^jl_^a ls^ - 



<d^AI 0 alj__>j ^ ajd^l aA^jaII 'die- ^liiVI (_^i oAljj]| A. iLe (J!iaJ 

^jAc. . " i' j .d \1 J dLuAill LLd. jja Aa^AiLAI dldiiail ^—Ludj ^21 (_£Ajj laa j] * L’.'l j 

dLiaC dl jidAI jja A Ac i_Jiid 4 A_ia jj^_>^AI A.aJVlVI ^a£c ^lc j .^da (_£j!Laa 



jja LLdAI Jijj 4 AjIa 2I . dl^AdAlj dLjAiAl LUd ,ja J£ ^tiiyi SaLj 
A3j .(8.22 JSdAI ^)Aajl^ "i^jIjA JjjIjA J "ijlj>A JjjIjA Acjja ^11 o^>s!Laa Acjja 
(Jal_jdl jl ja] (JaIuoAI lAil^jdAI (_)d (ja ddl (SjIjAII j^jl jdj a jj AW I a" laa.^i 

^jA ’i jl ^aAjI (jjl jAII aAA . ^ jl jail ^.u\ Idj j j jVI j»Aidd t A >j j all 

* > 

l& jj^. .iklj d <ilx-oj 1 j t ti j loljjtda t Jc-VI j-a diljjlj j-a 

Jj l2>laJI JSj ^aJJ La-lic. jUa.VI (jiaau J . JJkj (jj_JI ^>*-9 jjj d3j^>^JI J 
dl\g‘*nn,a'l £-^j]l j-o JJ (Jij £-<a (Jl Jj dlli jli 4 JJ (j-o -lJ-1^ 

6(_)jlL<JI ^ (_j-G J-^l Aj^)J^)jJa o J) J-q Jol^c. ^Jc- (_5 j'Wj (_^^l 

c lj^\ A.’^n^a jl Cli^LjaS <Jc. 1 a J ajaJ! I^A (_^ (jl xn 

IjjLaJl 6^A .al.lVntil 4(_5j£^JI ^Jall A-lajajl_jJ Ijl jj i ^ i^sj dllijj 

ft^ljj (J-olc. jl .(8.22 JLslI J^) c 5 jj^^l (Jc.LL<JI dlli axj aJjVi^II 

( U JU>1A JJC. ^ \)> JJ-^JI (jjSj d_LiJ ^ -n! > Jl jl (JJJ^II (j-G Ifi^Uajl ^tij^l 

<jji %20 Ajjouj JLo ^l,Wn*il (_^l t5il Jc- djj^ V j-a^-a]I Jj 

^-Ldd^. Jc- (J jj-saaJI (_)^.l (j-G ^llij^l S-iLjj djl Ja^. jpi J^C- Jj 4_^.L^. dlLiA j Jj 

djUa^l ^»jljo (j-o JS ^l.lVnul cjUaVI I^A J ttilliJ .c_jJla-<JI ^tij^l 

Jill 6 6 ^)dLjiA]l ^^)l j-ftll J Aj^JI JajjjJ j-c C 1 jLia£ 1 — flLdaj J^l 6 Ajda^ixill 



t^a ja*Uma' 1 \ ^ Aij^Jall a.l£Jj .^jI^aI! ^jjC.^31 ( ^ lalxA fk\ hill 

(jC- ^jj*N AjJ j.W a jl ^A-i^-II Inj/nllj A_IaJJjA]l (jSLuLall ^ic- L_ililJI 

CjUU£ J* ll^k >m ^2 c . Un n A_La jU/iJl CIAjJxaIIj a ja!L.haI 1 Aj.^anll 

AijjUl aJA ^al, Wn*il £a ^Vu'l ( ^J C-l jjSIjj j ^ j ij\j\a (_]£] L£>i^ 10^ 

.aLUa!! a» W^a\ 1 ^tjVI ajIaju AjjILo 

CjUj.Jl ^joUJJ J^Aj a JA**1 aa)a 11 ^ jl JaII ^al -I^IL ujI ^Jj J^aoI 

ajjB (J^Ja *» . l u>n A-C-l ijno.lt Aj^C-^ja jjc. CjIjIaJI a^A (jj i*’ AdiJa^l 
^a^C- ^Jj (Jj^Joll dlS^I I^A (jl (j^-oJ ij • A-uia^. (Ja^o*^ <C.ljjJI 

u] .^^/A^IaII JaAII j jl Cj^]j]| ^jlxk ajljj ^Jjj Jajia^. jl j Vi A J 

I^aLAjI j LjUJI ^aJ s-IjjI . ,Ja.ii.V.vllj AxA j^]l ^A a ja**Uma\I A )\a* 11 ^lc« (Jj^*A'l 

L_fll_ill j\ tjljJ ^Ju^a JjLk j)A^ l.jSLnl 5 \ja jjaJt (Jc-IAaII jjAjJa lAjljli^l ^jj 

Joja j]l AALjaj ^aJJ Ia£ .Ajj ( jj3 Aa C1iIo.^aHj jl j£ja]I jl 6 AA^^a 

j^sla 3 1 L ~^ Ajaa.II J^ajj^I! Ajs Jl jj (_^ill ciia ^11 ^_a ^.ij^oJI^ ^^Ul 

* * 

(JjIaj A-J^li. djlilliS AjLjjJoJI a^J (J.^ajj Jll] *(cJj5 I >^ij) AaLuj djjLjoa (J I jl 
• • f t **• 7 

(3^ CjI^o jdu jj£ 1 J'dl jjSiljj Jj AildVlj ijlililo (JSlI 10 X 3 J^ 

(_pa*J (jlj (J-°_5 .Ajtlas!l*3l 1 — 1 L 1 I- 4 C. ^ In > ul tSllj 

. <3j , s -all 1 jl SjtjjJt dll ~v i‘>i^a]l d j_L jl jlAdl ^ inuj i.” i,1*s’i _3 (J£Ldo]l 



jj? - 1 * i< ^' i t >Uaii j 4jj£ii jaa 3.6.22 

Mass transfer and O2 demand 

(Jjls J&J (_j>iVi‘n dljjldll ‘ ^ 'll—-" _jA /ji-n. , XVI /jl 

1.1 mmol 1 3 Jl _^ull iLuiji (_jLo A q;» .>ill daJLall (Jjll -. <ill J^LdVl 

J£d AjsLdl Jl a -n! *s lilliA ^11 ji] 35 dc. 33 mg 1 3 jl 

dl JdJl Ljjjld j dj^i]! Ijjjld iUjjldSl JA~\ a tiK a . J^AAl^il ^Jj JaIluIA 

_jy f. f 

(_5^j 1 0 JMI ^jAjJa cJl j j I ^JA LlJ Jflj Aj jLaiiA C1]I-1 a£ ^Jl A^.Laj 



880 



iJjlifc 4a.La> (JSI idl'd >*^11 (jj^ £-a JSU Ajjljll ^ lUOl 10 

dll Li!)li. (jli 4 AjL-a!)U lgda^)*j du . _jh.\ 4^a>. (j-o . dll nfill Ll^Li. 

(_g jauiaII ^jic. -ijJT- -<VI ^1 l g~i-sl -s i^alc- (JfLdj n— a&l >Xn 

10 5 d-ada Lll^jil dilj j 4 A^ jldlLa (jj^ll (jV dJC. _jjll i$ j>.-> l lll Ll^Ldll 



(jjiaj ^jifr ol-li-all AjiSjJU 4x-ljjll Adai ^1.1 Vi ml (j£Uj tj'nljl^ (JSil AjldX 
(_J j.l.mxi (jllaj (jj • d''jl^ l< ' ^ jl-s 1 0 ^^l Ll^ldJI “IjliiS idljl j (_£ jIujiaII 

jA jjjSj i.” n-si diLuJull L^li. ^jj a -^ c - (_jjll (J-sull d-'^ ‘ 

^^3 L»jjJ . a-l d^JI ^bjail Aj*-J^ (j-a % 1 00 5 (jJJ ^ 4 £joiIj ^alc. (JSdiJ 

^Jj-stla idllj Idi Lad Lai 4% 60 (_jl] 40 (jjj ^jld4j l3.- > ■''*' cllljwisll bbld. 

d 1-sj dj-s mOll L£sUJI dil-sljisl dj • CjLiiJull Ll)Ia. £-a <gjl uili-a djlj/iisll L£)li. 



(-dL-a"^ d«J La ^A^d- 0 W 3 Laj) 4ft tdd^ 4-lLaC. ajji (_Jl (JSudj ' g'L.lb 

(J^LLlI (JlSliVI (_3-a\jt—a ^Ac. OdJ-d ..H<aTn».J d it* “6VI JliiAjl (J^Ut-a A liml^J 

.(Wi JlSSjl) JliaVI IA$A s jillj « kla t^LUl 



a J\y ill Aislia Jdt^a JsuaijILa AalL fold A l"i^ll (Jlallil Jbm-a Wj»J 

d^a ^d;}“' -a.il ^ 4 ini'll ^j.all AjtSl dll (J!Ad. d^a ^dd^l jAAaj ^^Ac. ^ <a“l-s .all 4 £ -p 4-1C. _jj]l 

4^.1 1 . *\j dd-41 ^>-s s [vs= (vvm/60)] ^ AjaJajJI A^jxxj A^. 

<51i (jl 1. l^J cilljjj (j-o 

(jj-ollil iAxA\yA g,i Vs ^.1 <c.^)juj j £ j 

dIa A-<u 3 (jj .^^)j^)A-fiall klo JUij! J-aLt-o 

cjVI (jja, i gjlfr (Jjn^vsll d^-aJ ^gill 4jjliJI dlliliSJlj (jlirJJ Lu2 tLa^Jjl iliA 
■‘tliSlil Jliijl (J-abt-a Jtilljj tdJ~> “i^M A -si -sll tdjliJiSI (_g jILauJI 

djLlLa*J Aidl4^i djl j .1‘ s II j dlLllbill Ll!>Li. djld-a - ^ -a (_^3 1-1^ d - n ^ ^ 1-a ^lild 

<3^btJI d^4 (^^4^ jj>^illl) tilld^.-all d' 3*^1 (j' ‘ l -ag J ibj •^4- a J^d^^ d. 1 ^'^''^ 

A isJ-unll «.ld^ll A£.^yjij £j AjC-jill ij)]* ill AslJaj kid A l“i^ll (Jlalljl (Joshua (j ±1 
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SAiujj jya jdiJI ILa (_£jjj j' *■ . 't* ^ Ajl t^dal j]l jya *VS 

. JjaiiLI d'~'LI dljj J jdll LLliJI ajdLa ^3 ^-a jjdu (j' (ji) d^jgLI 



(iLjaall <je ^LU) w <j*i jL^aLI jj! 4 . 6.22 
Impact of mechanical stress arising from agitation 



j'.l-sll l^iiLLLal aJC. l_UuUj idl j 2 l^>ll J dLyJj]! bUd jl 

AiUiaj (kjl . j!i£l dll LLLi.) A ~s dl i<i\l dl^yili] A n>^v\ ^yc- 

4 AjaalLI ^iild LbLijd ^J-iVn Lgil 1 g ~i j > >A m-s 

A. j jLil (j« Ajlj ttL]L A iVl^j .AjjJiJl dLlddbl ^adluuiil (^yjouJIj 

8-p Aye. jjJI ajj*_JI AijUa J 1 g ‘ir ^yaty) Id. A ./ilVu tLijdi a jS ^l.Wnul Lliyjlj 

_jA La i-_Luiajj t(W kg ) _j jll Jsluij j/s ^al _jL£ (_)$2 Joljlb jdjj 

Jl bLa iajjd (_£.ljj tlAjjd .( 0.01 W kg * Jlja. jj£j (j! <■ . v> 

(_£.}] 4j-a Lkj t jjl* 1 . 1-all CO 2 j_yjSJI \] > »i < *il ^jlj j O 2 (jjT* >»^LI jjl jj 

jl£ tL. jljjaiL/l ejJ . o ~s . s-i ^ jjc. ik 11 *!' a-Llil jajla]l pH ^ \.T* JJ' jg '' ^fljl 
A .a LiM (Jld.iL dL jba^aJI j^ ddJI ( ^^daLLI (j J1I j^a dLmjLaall (JUd i iLliA 

tAj j-n all 1 3 ILL I j t^^lLLI (_k^aLI JaJ JlljyJI i» ..nail j»llaj JlLa t^_yydl 

iLjdll ja j . (^aE-l-i ^ Li , ,1 ^Jj J"i Vi (_^LI LlUdll (JJ ja^ (J-luiall yailil jl j j-j j 
AjLIx. jlj Ay3 lillia (jl£ iLl £ld.LU LUdll A nul >n-\ 1 (_^Ldall ( 3 ILII ILa (jl (jLI 
'dj^ya ^_pal_^.lj s^aJI dlalx-LI ^alkd Vijya. dLlc-lLa ^ddd A-jC.1 H^>11 dlyLaxJl 

LLLiJI klLa. j .(jUaLI ^aalj ^IdLI dlj dLLc-lLall aJU. Aj^ald dUaLld 



dlLLUo Ajjji. dLlc-lLa ^.W'lun (La jd ^c.1^ ^ L . ^_lc. a .1 Vnt.^11 

^y£l (jj^J (jl (j^-®J Ad' Lj^dll j)l jLfic-l t(jSJj . Vjjg (k°'_J^J 

dllaLld aJ jL^II (_yal jaa-LI dl j VljyaJI dLLc-lLall Vlj^jllj liLj-sMl A.).uil.>.a^ 

^lAjdill ^^Ic. (Jja-aaLI (J^l jya Jl^a. (Jjj d 3 t'dajjjaLI LUdSL <jjlLa 

.kaj^LIj (jlsd Laja dLlc-lLall (JlLaLI (J.) j-JiLl j 
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S “lalla) £j (j-a .lie. j»aj]l ji^-sMI i"ll lUc. Jiliu 

(jii. ^ iA£-\ jj]l -Luoi j (j-a jC« jli£ JSI Jalj 2 ^1] 1 (A_JC.jill 

L3L^J 4 31 j djUa^la-j A^j.Vqll AjjjaJI Cj3lc. li-oll c“ ixOVnul 



jla 4<ill3 £-<aj .^.1 jll ^al^)C» Jal j 0 . 0 1 ( L-11J Jj) A-^.j.1 3* ^T ^ ^ l**d JJ^Mt 

^uJaxll L^Lkj 4A 'I l2>La. CjIjjJjJI 3 -0 lx-uil j lijla 

.iia. ((CHO) ^ nx^ill (j^z±±A U^Lkj iA_Lajj]l 

(Jj-a 3] . ^al^)C. Jal j 0.2 (J^lxj £j ^»J3 .liC. ^lia. s.lj£A] ^LjJa JJC^ 

ajLaj ^j-cjJjoi 4 ^1 jC. j.L5al\ Jalj 0.2 (J) 0.01 3 -0 4 c£Ljs^a 3I S j3 ^3 ojljj]! g3a 

IjJrajl CIlqj j .kla Al&]l (JUlijl (J-alx-a ^ L_fllxuJal A_uuaa. AxjjI (J«llxj 

.^*1 jc. jL£.U Jal j 0.25 cJ-Jk-^alj Ej ^3 -lie. Sf-9 Clal jjuiaJI L3Lk A ua jj 
t* (8.22 J1AJI jl^l) S jl jj (jjl jj Cijj^.! diLai! jjjJuj 1 3^1 j 

3 j j-i^. ajjI£-aI ^ \ ua \ L£)LiJ! 6^J (Jj^a.^k,j 3! 3^ Uij 3^ ^ j 3 i^ 11 L 3 La. 

0.2 ciLjalj Sj3 3^*°^" 3^ . (jiajaJI ^)x3 J Ja^LiJI 3 jj Cjl^lfujJ 



A_i 3 l£ LljljjJjoba 4 Ajjl^^all ClJ J-<aauall ^ jJju.ua ^lc« J 4 ^I^C> jlj^M Jalj 

4^-lj^JI djlc-lis JL^.3 3 jAi ^jjll -^LujjV ^jU ^JajoJI 3.)> 1 cJ^ 3 -0 
S-IjA ^al JlawlLuAj Li!>L^l! ClililiS ^1 Z> (JjA^a^JI 3 ^ luaS 4^.1 J^ll ^LjJa 3 j"^ 

. 3j> L > 



AjI CIj^I L_ic.!>tilt A_uaj A^JjjjIj 6 j3 (JjjISlj 3I 3^ 

.LujLojI 3^ 3IS lua-o (a aq x> Sjjx-aJjJ 6 ^. 3^ 3 ^^]^ 

C-jUuljV 1 Cjli CjllLJjjJ AjI^I 6 ^A ciLj^jll CjLojIj^ CllJ^)^.l «i 3 j 

jk3l 4 JU1I ^ns^VI olj c^UilJ ^1 Ua^ l^jk Jlkj U Lite ^1) ^U3JI 

LaAic. I ^ jlc. (J jj^aaJI ^aJ <il]j] A_^jLuua 0jlliSI dljl£ (^jLoil! (Jauaall 

4 cillS>J. 2 k V I 4 k. >>q-v djUt 3 ! 3 l ^auojl l^.jlc. ^jliaJ lua jl^ Ajjjauall CIi^JL^JjojI 

A-j jl^k^Q A-ijJ^. Clj^Lc»l-L<a 3 l lu-aj*-a^. 4 A£.lJt 3 -° 3] »(^jLuaJI 

dJA 3^*^ I jllj lua 4 CjI \1 j ^ jj.Vlll ( Xua Aj-au^aaua 
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cilliA jj V 6cilli . <-41 ‘N'dV I 4 x>>q^ \a daldld i** dt 
<SLIa ^jjjLoj! ^Ac. Aj^lLoll Ladc> 4 s-I^VI dalxsljill &Aa <jl 

. £ j Sj^xJI 



F68 jjjL t^aJxuJI JJ jifl Jjj-a j ^ j \ j^JI juiall jjI 5.6.22 
Impact of sparging and the use of pluronic F68 

^cda (_£jj^)da]l (j-a ^J-x^aJ 6 4_a^Idll 4^.1 j^ll 4 jLaC. ^Lp J 

^4_jLx-aVI Lq 4-L^.^a ^3 dal ^jajtvII L£>ld dc« 4_x-ald^ S^joiLlq 

. (J^-IaI! I ^a 4j L-l^^ ^aII (_£ jLixjia]I ^Ac. 4Ja3l “v^all ^j-c cilli j 

jUdl a u >\\ ^A J£joij 4_al*-<AI La^LaJ! 4A ^ 'll ^.\a 6 kL ^1 <jj 

4_LLoj 4 j^baLip 4_^Ad ^c-al^j d^Aal dl . l-*inj\i -^Ja»uj dc. 4A£di Jl cAeUill 
10 ) 4_illc. 4 ja da^a o^jx-aa 4 _jc.^ SjAxj 4iilAa dsV S^ddAI dlc-liill 

<j-a cdLuJal 6-1 xj ^£1 IAAj .dllc-HilL 4 Ja n^a ^I^C- j>.1mi 5A1 Aalj 10^ ^A] 
^jx x*aV I dAc-Hill <jl IjJoal 4_^„ld]l ^JaLa La£ . cila^jdAlj 4,Ja u^all dlV dt-all 
dl«ll^_^.V (jd^xd Laildll jji JWUj 6^)j£! £j 4_iC«^j S^pxJ 4iilAa dV*^*-a ^Aaxj 

.dale. Hill d^J HodiLa dulS La lit Idx 4_Jlc- 



^■?kJlxxill ^JJjdll (Jj^-a ^1 ddxjjl (jl 61968 ^aLtll ^^3 u^ l-^J C^^jSAj 

Cp dli ij *l£UAJ Jx-aUJI L-itll IAa Jjjj (Pluronic F68) F68 cildjj^L 

i** ji Jaxjj jll ^^JaxjJI (jdddj dale* Hill j La^ldll (jjj JjL-ajl! £da Jjj^jJa 

^j£-aj 6<illi 4iLxdVH .4_ixda ^11 dal JiLo La!>ldll V 

La^ld 4jdc.lj 4-^.Lodl ^jc. jlj^J 4 jLa^x <jl F68 dLd jjjlill 
F68 cildjjjlj J jJ cJdaal (jSdj J dal^jjudJI 

.^.I^JI ^uJa ^Jj 4.^1^. cilliA V Lode. 



884 



i—klj ^3 ^^A a jjtq ~i.aH Cjlc-laall jjl tL£ljjl ala. .la] 

jax !\ “LijjaJSI CLiltliall J 4ajl ^C-L^auall ^l.lVnul ^iaJ 1.1a. l^aLla tLiLla]l 

(j£>LLa]l i—UjoiJj tl . "4 q ;» »>i ti]l£ja.l" (_5j3 dilL illiLlc-ULa illulS. 

Ajjja illlLlcliu ^.iVLin La LJlc. tiiLjal3l o^ljj (_£.i]l tilK'WVL <£LaLall <^jia]l 

La-lic. ti bLa 1 " ) V) (j£]j . i—lLjjuU^U A -ah \a CjUaLLaj aJ jjyo 

* 

^Jj ^yx\A \ dalc-laill i A A>aq^ *1 a £j £ jj\x ill <5Ua 

ipUJl AiliA IjJajI ^A diLc«lai]l 6 1 a Jja j mKjuTiaII CIjIaI <. ^ \uia\ ■^ J>JJ J 

Ja*JI <F68 ^aLaj cillil t ^yk'i) La-a^c- 

.L_iC.L^aA ^ ^ iu t m -13 (Jj 6 jiA ! fSL V L^LiuijVI CljLJalc 



The use of microcarriers 



Ajj^A-afl f\ ±k"u.Ji 6.6.22 



l4 <\\x a\1 ^-^I^aII £a l ^ ^ aj V ^ja -li-lxil (jlj 

(JaI^^J! ^j|j .(5.22 jiijl) aj ^)^ yA Ja! ^ ic. ^ajj Ia 

j 2mm (jjj <c,^iLa j cijlj CjUaja^ ^a 

Au^Jajaj <L^Laa 1 ^ Aj.Vq 1 qC. A-illc- 1 g '&a\ (100(1111 

c> ajjli LS^ ttiilL^ .^ftl.1 ^ Lnn ^tiaj j^ill LLlaJI (Ja.1 ^ya ‘UajA 

.Lxuij jj c. LLlai] ljn.ii ij^-aa lJ- 1 - 33 (jJ-aLj 4 “i~'l >"i-a A-ajLj^iS -Liu ^^ic. ialiaJl 

.4_iLo*JI “Lil^j 

g L» . ill (jc. Llj;t . .i j LLLiLl Lil jl ^ja <jl ^a ajjoiLujL/1 a K .u<ill 

LLlaJI (jljaij a La LLlaJI “LI j] ciu^. ^Urti ajj^ >a\ 1 Ja! 

(j^x . j CIjIaLaaI! Clili JaI ysA\ (JaijZ .A^^ljjiyi 1 4 

^-LajoaVI J ^LqLoia]! 0-1A (jl jlkl L^Lkl] (j^-^ AjIa^'I 

u' c . L>° 6 j\4*Lu>y I cJ^I U^J 4 cj^ J . A-il^kl Jill 

j\ ^j,j^kA^5->V 1 JSIj ^-AjaLjj t jill 

^a aj^)^ ^a \1 Ja! c. q,^ \l . 1 ^ \c> \m* ) 
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ij . iliijHiil je 4_aa.LAI 4jjlmll till jjjLAI jjlj (_g j^aS Ajjla. AAL& ^gAe J j.,n~. 

jaAl ^aiLLa (_3 J.\»Jj (jj-N J i n8 jLU t_ hal U i_Jaj jj/ilj t_A2 



(J-al jaAl (3..),I»J ^gAe 4ia3la-aAi 4_i3lSi liLjaj a j3 ^gAe s-IAjL/I j£-aJ 
l—klj lAlie (J..~>~>j < _ s IiA\ cAlj (jj Ja! £j aja*. J AaUa ^J3 lie ‘Ljjgjt-al' 

AjjlLa (^jLoAI (Jj-£»all jlail) ^ILm ^EjJa till A 4_iiLa tliliiliij jLiiaAj cAlij tLLliAl 
LimjII 4j jjjllo Ajjij 4 i-. jl j'i . .1 jlil^Lj Llajl J t(_gjj~.ll (JelLall slelij )-iJ~> -a _1 



4j^I~. illllA (jj£L 13 j . illljaiAl alia. {_£ jja. ijelia 4iuj ^gAI (Jj^a j]I jlijiJ i" 1J~. 
4_iLae ClilS La lij iLLLaAl lalj ^ in >6 13 ttlLjaiil jj ^gAel tllljjlui^ ^1 
^gAc. J-aaAl lie 4 ..->1 -s 4_iaJ=uJI 4_lj£jJI (jjjjla je AaS3 aJJ jj-NJui^jL/Ll lljjj]l 
,4_Ale Ajjli. tlllALiS ^gAI 4a.La cAli& jj£j Lalie jl £jail j (jjUai 



AhLjajSJI j AjjL jjAll AlojJI 7.6.22 



physical and chemical environment 

g n <~i 1 4 >><q~.i.a till jail 4ejjai lie. tlilj> : i~tll j t'll jj.lMI LLLi. jjj Lalie 
^tjiVI ‘LalV'nn.all 4 jjj~. 1I tliLleliuAI ^^3 Aatajjl (juiLaj ^gAe Aal 4 ~. II i . la >^>ll jj 
LiaJjlaj L 1..1 jll 1 qjar * in lALjaj ^ iaj jaiil Vlll (j.~iVl jlA tajjlJj .£aailj (JjUai ^gAe 

^3jll (_>aLi3 jl&a. (ju~> a £j-a ji La LAle . ^ij-j. jjii^AI ^jll jjjai 

^jjlj.^ill HjLjjj£ i— iLiaj 4 j.1 ~.ll lie. j ^‘sjiKi.all £31 ill jpa liij3 ^ jjligAI 

(JeliaAl (jj 1 jla II Hi! q lAill (jj£L ‘t^AAA 4 % ji j ,A=luij]I £• Lim lie 3M Jy^jlL 
t"i~.j ^ ij-s jjIa^AI j»3jll 4 ju3 UJ^ U 1 cs^I jjy^ 

. LA— Aajjjll ^ ~ A Hia .. ^ 1 1 ^gAel L . . jjl L . 

(jjj 4el jj]| Auoi JJ 4 jjjj LLLi. Jjjljj Cluls 4 jjjHj HiLjI jl tllj^Aal 
^3j]| 4 ju 3 tliil^ ."ii~. c4jil J& t"il ~. . j Ly^jJ>^ Ltyj^ u^"^ 0 

A£j~J jiajJUJ Lalie LLliAl (jl i9 jl 8 7.3 LaAla-L? ^ iia. jjli^AI 
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Aal& ojL j lilLifc (jj^J ca ‘y> *— 1 llj (jjlolia ^ <nhm.« Aj^L 

^3ji] JajLjalt (JxbJlj Jjjj!i]l (jj .(%30 lAlaJt Cjjxs ^ 

^gi diljjUu]! o2a Jla AjljJ AJic.' WnnU Ijjj3 



V] iLljjMI ClAtcULall (J.l».ia‘i ^g2 kioJblj a (j^ A K >'ii 1 La £-a ^ n> j j \\ 

. 1 _j2s 1 La I J.llj Aj] 



Cjl&lailt JSLLj ( *_lg Ajxj A jJai^-La Aj^j CliV ^I.^V umI L-lSl^C- - 1^.1 

(J^k La 11 jl ^Ij] ^£1 jjI! jA L£}LaJI l— .fllll jaJJ^)J 

£jl off Li» >^i ^^3 jLlJjL (JjsljLall j “LaLui Jy£ljj J>.-ii .33 
i<i LLli. (jl .(JjLJI Jajai_j]l (3-4C. lunj Aj&auJall ^^3 1 

(jl l^jlSuaL kjjja. <— Alc-LLa ^gi A£.jj^a]I (CHO) 'J ‘ jlud-al^JI 



(3* %18 4a. 1-]*^ '<all -lluiSijI ^^jlj (j-a L] V']> -a 

CAleliull ^gi c" >^‘3' (jaa. ^ ull .\nu8jl ^Lij ^LiLiVt 

(jjJjSJI \n Ajl ^Ijj ^llioNI (j-a %14 A-a.jJ .He. Ajaila Cllljjjlj ^-nMI ojJjSJI 

Aj-njiI jouiVIj Jaxujll ^ ^IjoaSI \Uu81 ^Li Jjl*-a jjLj . (Jaukil 

4A_iaJajLjJll (Jaa-all i AVI J)Ajj ^ ‘LaA-s'nu^ll 

(_3jkaj ^lj A_2.la. udliA . - 7Y . ^ jLLI ^3 ^jiajuALU Lit iJall j 

. ^ 1J-S jj-li^J! Jafj-iaj “Ul jlj t ^jj-^ m^Vlj JUjjjII (jjj 
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IdljA wjjJjJ AaaIa 

Cy £ -lt* a-"* 

IdljA , La, jJ jjSjI! dALj Ajtali, 



Introduction 1.23 

dsLa-d. lil ^dj i^jLdVI d \\ > Vi (JjiLjjVI ditildll (jl 

i—iLJVI j (O^Laxll jl j i jjslac-j Ajicl£ l^ol iVimlj ’idd-j As- _jda 

t A a-\ >>iil (^dLbajfiil d il i^^-all) dlLjjl-aftll j ((“dulVI 4-C.I n-a 

Vjj > : ii*^\l djldiailj tdjIjjJaaJI j t dll g AiuB-lil j ^iLLbail j 4 j jljdi/ I j 

djljldil adds* dlVLudjoi! (jc- n (jl£ isdsj Mdsjl d-a j . ^ Lb-aVlj 

(“LsjjaJI “Uldll ^jd £-aj jjuiVl I jl jLsk La£ tl^ds 4-3.jVnu.all (." ^ VTull j 

. (Jli-ail Ids djLaJ&U I ag xs lid djljldll d'-s Uu-il 
(JjSLdil ^_ic. a jdil Ida j& djljldll 4jlij dllsjjiaj £_l-aa. jjjLujI jl 

J-adj Adld 4aLk J£ jl JjSLidil Sjdll ^ j . (Totipotency) 

l" si's jjs 4 jjSij jl l 4_jb J (djldil i SjUaj £JAJbi -La jl-UI 4jj| j ^]l djLajLt-all 

. dd. jjs 4lal£ 4dj l-i»"i\ j-ajll ^^ic. ajjls (Id-ail 
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ja h ^UkVI (Agrobiotechnology) ajc. 1 jjll ajj^LI Ajli&JI ^ Jjj 

AJaJJ^all dj\ qi.^n'1 jl L^jl^UaC. ^11 <■ Og J La£ 4 (Jj » ^1 *s a £\ CIAjLaJI 



AjAjISjII AjjlLdl <jc. Aj ^Liill (j£-aj IaA j .lg*nc . jii 

Cy* gAjA^. £-1^1 ^)J^JaJ aA-a Q^AiA AjjoLujI SIaI 4_ul_n]l A i n ]'A 1 Ac-I^j l^ia u^ l 



Sj3a cJ^Lk 4 **»il VmII diljldj]! ^j-a aac. ^tij] c*13ajj lS^> ciAjLaJI 

^ ^^3 (ALiIjIajII ^jjjai^j ^3 Alla j-all (_£_^^VI A_1 ujLojVI &IaVI Lai •b^jUsiPi A_ij-a^ 

Cp l sj=^. * aa .(Molecular Biology) gAJ>^' *W^' 

. ^4jjC.^aj^ SAjAah Clllij-a jl A u>^ dilL-a CIiIjLaJI ^Jaxj La-a 4Jal^)iL CllLii^JI 

s y 

tLlil^jj AlAa-all^ S^jj^sall djljtlill (j-a Ap J 4£.Uajdl (jj*n Vi (_)^.l (j-a3 



La-a tj^aJI jc. Jal jaL j^aull Jc. jaISII (Genetically Modefied (GM) 

(JjAxj ^j-a 4^>LLa3 . (jJal^-aVl^ Clili^U <LajLLa jl LjjLoiC-^U <LajliLa Lai ClAjLij]! 



^Ll*j ^jjj jA j *(BT-tixin) BT ^ill Cjp-^ JL^aJj dAjLjll 

CjLLuII &aa 4 Bacillus thuringeinsis Lji£j ^ aJ jIj CjI JjIS 

^1 cilLiA (jSL Aj 4 4 In »V I ^j-a AjAxJI ClAAnJadl! &AA Cll^)ljl All . djl^/ti-dl <La ^LLa 
LjI^jj AS Ax-all CjljLill oAA lACA g’nuL J^jlll (.^llg'nn^ll £3 Aj A^-Aalj Cljl^J-a 

4jail£!ijl ^ iiui La-a 4 (JjA]I ^j-a AjAxJI ^3 ^-aj^all Cj* I g 1^*1 j i(GM) 



,AjC-I^)^]I (Jjj-aL^all 4_ lLaC. 



^Jj Ajjaullj A^jJal ^11 Ail jJra.^11 A ^}A\ CIjIa Ajc.^ill djlsj^all (jj 

oAjA^. ^jl^ll ^3 ^UJI ^j-a ^aC.^)llj ^ Ajj|« x^a^)!i£l ‘■^■^’L^^all 

.^iill jl ciDl^lujVI (_^l V l-g-j] 6 J^jVI jl Ajj^ll CAA\SA 

^jaUJ^ll L_flA^JI tA^x^iW Sj^Ji-a Ac-^lLa Cjlj£j-a (^5^^ l** ^1 II (JS-ujJ LJL^, j 

^jj^JI Ajilc. J^aI ^All "^aAaII" JjVI L&-^j .Ajftljjll AjjJ^JI Ajliill ^ 

dAA lAj-a A Ac«l^]l jUjJI 4 A ^jAa\*uil ^ j» ; )^kll u^i*i\l Cp 

AAaJ ^a3I j 4A (j-a ^^ic.1 djl-LaS I jjVI lAA 4 AjjILJI 

.6A^.j JjVI A-a!i*j ^jjaII (JliiaVI <^a] ^a*JI CllVl-^ a^)jA J 
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I(J!La (Ja*JI (jfLaJ (_£^}^.l Clll q.<n t4g.l n^ill ^gi La.1: 



utU! j 



l 1 LI lajll ^3 jn<,J i jLpL 1 j jjlpLM t f. LLlll jp (j 'J > >UJ^1I (jlE._pll tjmi jjja' 1 

CliL j] l .■ ^ (_j>i_ iqVi j t OaLail] 4-ic.l u^ill 4pJL<-a]l (J» V' ^all 

U, jAj jjljL“il' ^Lj] ^ (j»»i^j ^Lll na-sll ^gi (Lignin) (j : u»-13l 

ClAjjLuSLil ^tijl LjIjj Li-lx-all clltillill jjC (jc. ^pj VILa ojliic.1 (j^-aJ 
jaj Lilli. J jg-sll 4_=.jJl3 -LLiailll dlLjUaJ^ll ^tiill Lal3 Lai .A .a-s >>>ll 

. Aji j- — l^aLVunI Cj ‘ " CllLS^a 



A L ml “LLac!! ClAjjLuSLI ^Ljl ^1 iiiLujl LLLii/ AjUlll a Og'l 

CjLliill s.LCaC.1 jl LLliJ jl_pi _>aj ILa . >11 j .“LijiaJI AjjlSalt (jjjljLall 

jp g.1 Lit II (j_n»iVl (_)p.l jp 4 jjIj_j 1I 4 m.Vig \l ^LVnul ^^Jl “laLCal CllLlc-ULa 

.oCjjoiL&]I C~ilVn.all 



<aj^>la£ LjIiiSI LLliil Lji^JI ^jlajll ^glc. ^L-aail I La ^ 
f.(_£jlall AjLc. 4_a._p3 t4_ic.|j^]l Ljj^JI <jlilSLi (J^Itjj LoaSj ,4iu3C]l Clllijl 
. J>^iall I La La.j.iall LaLcaV I djl a I ^>all <LlLa 

Plant cell biotechnology 4^4^' 4^^ 4JLSS31 2.23 

jLil) A -ajall 4-lllc- CllL^^pill jp ^J_lL JJlL jJU-suaJI ^A ClAjliill (jl 

oLa (J!La ^gh ^LuaVI dljljl L-lllul O^c. lilliA j .(^JiLaLU 1.23 (JjCaLI 

iLjoaLI <ilaall (jC. ClsL£^all 

‘(jjliLVI (_j^i» } j^l diLal jc. jL^ L>°) Jala -Lliia CjLaS ^^Jl LaLaJI • 

(_£^p. J Clip. 44jjlll ^ (_£ J^aLI I—1 ^ j >a]I J-laa=ua (JSLull ^^jll ClAjliill _^al • 

5 1 ; . ^-il jkll iJLa!ia.l ^^Jl C_jSJ Lua Lal^aL I g » 

4_ii.Lla i Sj^>ja ^3 (_g jj^. 11 i—l^^all jUj^sui (J^jluj (_ 5 Lll CllLjLllI! jaJ • 

idlL^^all aC^J Cjjjl]l (J£LLa ^g3 Ul.n'll Lm iSjaluu J1C. < 1 ujLijujjI 
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idsLiill j ^Laj o J, W a CA j-q (J^i. JaS£ djCS^ail ^ Ijljj 

o_^ALa. ^)i^i'i (jl (Jj3 oJc. CjIjIui l^iwLn^.1 j .1 j.1uo s-LlU ClAjLull jaj 



‘jL-aJl 



'^"'\a QaJ (j-o tj^ ' u j ^ ]l<aC' CjAaJI 

‘good manufacturing practice sjjsJI V»/n.nMI A^jUJI) Guili 

.(GMP 



4-alfe AjjUj AjjjIj *-t aa-i,..A ^s. *UlaVI <_><a*j 1 1.23 JjiaJl 


^(JjidnJajJjj L^y L axIlujY ! 


4 jjj 9I 


^1 ^Lja>a 


Vinblastine yyll JZLip 


^1 jl ^Lja>a 


Vincristine 


al^jl jl x^~i/Q 


Camptothecin 


al^jl jl x^ 1/Q 


Podophyllotoxin j^_Ay jlha jjijj 


jl -iLja-a 


Taxol (paclitaxel) (JuAlnlV) J 


jLja-o 


Quinine A 


jl k^A 


Artimisinin jnn«un J 


c_j! jL^I i.s~iA 


Quinidine 


L ^ \*Q \ \ a\ 


Digoxin jj^S. 




Morphine j^jy* 




Codeine oyCj£ 


A 


J jligl£ j j jja 1 jpj - ^ A 
- 9 ATetrahydrocannabinol 


(Alzheimer) ij^j* 


Galanthamine jj-lSiVli 


(^Jj^aLLa]! f. 1 J 


Colchicine (>uuA] j£ 
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jljj > 111 jlll (J*3I 3 X>1A 


Hyoscyamine jja 

Scopolamine y^iy,^ 
Caffeine yy^ 

jjJmJ! j ‘ "</j« <■'- f/ 


^j£]| itllCdLall ^ !l!Lo 


Vanillin jAuli 


<c.l u^a 
SjL^Jl <UJ3I 

% 

> CIjI (j-o ,vi» x> 0^3^ 


Capsaicin 

Essential oils VjLxil Cjjj jll 
Menthol J>iVdl 




Glucosinolates cjV yy>£ Ad 

4jjmaJ) < Hr/ Ljj. - II 

Azadirachtin odS'jjd jS/l 
Pyrethrins olisJlijjJI 

Anthraquinones CiljjijjSI Jiji 

((jjj A- ) CllLi uj 

Naphthoquinones (shikonin) 
Anthocyanins ciiliuC^ jiii 



Indigo 

'jSI ihLdilt 

Cocaine _£!! 
Nicotine jluil 
Shikonin 
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.(_S jjljJI dldll (d5tsluil) (jdl l>° die. doA^I d i! 0 dl-s'idll (jlii! j 

£ jillj ■dddll 4 i > >ijV 1 dj^)l.>.>ui.\l t!ilj Aj'u dlildll (_£.}] ^ jjdl (jdlY I < 3 jjt_i j 

4_id*j <ai*ILal! dli (JjlJj tdujj dldl (jAJ Jolidll Jc-liolll ddjdl j ^Lull 

diajl jjd^ 4_ixd^)]l 4jl-S.ll dlj yd ^ limM AjjoiLujVI AildJI i" 1 j5^a]l 

.(^1 cUill 



Plant cell and tissue culture Xc-\ jjj 4dld2l 4da41 1.2.23 



olldll a -s > nil j Idld ^ jj (Jd <j^ J jo'l Jjl did oil 

0*jj .^Ift 100 (j-a jli£l Od (4j^>fda 4ja.dj 4_lC.jl <^3 dll 111' <dii 
A -s iu'l')l _jd Jjl (jjWi (jSLd tLale. 50 da Aoildll dli j-aj^JI i_sLujj5I 

A d!51l djllill A -s m iVl ^jij-a 4_ijldal lilljOj lillj 0*J 033 .^Ldj dljldll 

dl!iLu]l jjii, ^ jl_^o Ldjj ^ jVI Qjg -sll diidui j i^Jdoll dLijl ;.aj5ll ^IdY 

4..u.n..)lj 4sj^)Ja ^ uni’ll Ajjldll A -s i a lV I d-ljj djjlall tlAOau .1954 ^alc. 

lillju 4dl_d 4£xulj (jjUau ^Jc- jIa jVI J 4il_j]l dljloj (j^ OjOatll (jjjSOll jl!i£Vi 
Lild ( _ 5 ^3 tilldj (j-o 4-illdllj Llitjj <dlddll dloliill (jxs AjjIj 4.1C. jj 

^Ifr (J£ ^ ^du dua^ cAjaAI djldill Aofrl n^>\l 4jjjdl 4jlsjl! dlgnlVi jj£l 

.Ad^dll oOgJ dljldll ^ya (jodLall did 



Plant secondary metabolism 



dLuii 2.2.23 



oOc-ldi 5jjjloll dlddidl j^ya 4j*aldll A’\r- A ^jld £- jj (JS I 

(jjj (_ jjs . ~ ■ >i'ij -lc._pd ^A dld^)dl oOA .4 li;~- ^11 dlu d j^_)d ^3 a-ldll l _ s lc- 

^liJI Jut ^gi dldLall ^odld diddle aAi^c- 4j_jjUi dliVd<a 

> 

^dj . d -n ddldl j dl^jddl Oda ^-Isol! | d I O0i j jd jV I 



(jl J£d (Phytoanticipins dld^djl jiilill Jla) Sjjjdl d Uladd l od 

(Phytoalexins dlddlljiiUJl Jd) ijjt I dUid^ jl jja. ^ t dli jVl J5 ^ 
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1 " 'I 5 ' l^xjLxal ji (liLLill ^3 sJjjLz. (_£l] (jjllaj jjAiL lax Joia ^"'V’i 

Lila lili l^-la % 80 (Jlj^. 1 0 .». nla 0 Ala 150000 t jYI (jL. i__ a^)*J .Aj^-ix 

-IjjjjjJjjjYI ola>. J :«.llj jL>xL jx llLS^jxll olA 4 _nllc. jiluJ . ^jjLj 

AjjjUjjJI Jjjjall t (c 5 Ll*l£ ^ j - 1 (Isoprenoid) 

^jj) Acetate eitL^V! ii^jj c(C 9 jjj£ — 11 j- <*^j) Phenylpropanoid 

(1.23 iJSjill) ijjjLjj (Jjjjill ^iuLi jLxx jj . 4.J nxVI (jJa LxA/lj (C 2 j >r^L 
li& ^s. K\l jjjjSJI (jx %30 — 20 jilL alna. t ClLLuIl lie. \'-a JS 111 jjJajx 

t Lignans diLLiJll j jjiixUI jjj ^jl jij A. jiL I'll-yu.' ijL i^Laxll 
.(AiLi ^Lxx>l) Anthocyanins eiliiUx jj^\ j Flavonoids dlyg ja5Ull j 



J1L1I) C5 j jjSJI A . AxL eili^j jo Terpenoids cjIajjLjjjJI LS is 
cAi^jjC.nJI j t(C5 x 2) Monoterpenes AiAAl citnjjjl Llli$i .(1.23 
t(C 5 x 4) Diterpenes Ailill cAiujill j t (C 5 x 3) Sesquiterpenes 
(C 5 x 6) Triterpenes A£A1I Ciliiij21 j Steroids CjIijjjj 1 x]I j 
duaj eiLLull yai jjij^^xll (C5 x 8) Carotenoids cilij >A jjl^ll j 

AiLxaial Axi ji _jA l^ix l^alj Lie. jl 



Cll.y(lj51l ClllljlC. (j x As. jilx Jlisl £_llxaJ ^1 ; -,/•;,. „ V/ jLax IjL 

^1 <!Ax diA ijL tijjjLjjj (Jjiiall jLxx jhL^sdLj .(Polyketides) 
lie. LieLuxa eiL^^x 4 _^a j (C2 ejli^j LAlii + C9 oi^j) ejlixjjaLU]! J_i5 » : >i 

.cALil! 



^ t(Alkaloids) Cilijj&DU A1A cASjx 4siu>yi VI 



AjAxll Ajxjlalixll jjc. a" II 1 j ^. jj jxx23 iCuLill e~'AV'xll (jx 



• LjjjVI ^Jc. 

i S A jUill dll jliLuxll (jx <sliiLx £-1 jil ^Ic. tollc. ialiLLull (j jlax 

(_)x 3 *_j (^g&j . (J^» 'll I g '^' LLxall CiL^jx ole. (jx LjLa j_J^J 

(jx cilia (j3e (j jWi l _^4l A j ‘3 * I' ejjjjll (Jila 44x£jx ^Ll jx i^ljjj jL^.^/1 
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AjUiiluus iillLaJ (j-a «. (J£ (jj .A n>ijL/l £3 jj 4-pLa.V! dliljjjil 

i^yajJs 4_Jlc. (jLl^LM ^ dll l^^all od jdj i4j A t <~t\ ~s 11 

. SjAiJI dl j it t'.AI (JlLa d^ua^La LLU 



“dll j J t La d. i did (^Lll ^^A dt!iLli]l ^ I _jji % 1 5 _ja». Ja 39 

jjc- t _ g A a~~ i\ j\qu>i,a\l oJl^J £iidi]l dljLoi^ J LaSi . l^-iS 4_ijil!i]l dl jWn»i.all 

Jjdi (J jA».a<a ^gjA, 1 g'n.il jJ did Ja32 l^da Allis “Uiij id l _)SLd 4ij^>*-a 

.I^jS L£ jLm dl dlilaJlj dLaJ^iV^J A Lij i >i_^]l dll£^a]| j^j-a (J£ 




Ijdidl jLu . idLd /ji LijjLil uldaud yduLuit (jljdaa : 1 . 2 3 JdiJI 

.terpenoid Jmj shikimate 
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4.j1l nil JaJl \s* j Jail LjUiij 3.23 



Plant cell - culture technique 

Initiating a cell culture ^ f ^ 1.3.23 



(■ J ^ya ej)» >.o 4jtJa3 JjEj U^Li. 4 £.jJo Jfr J J‘ Jj 

Jt 1 g » >>l J J l 4iillil LJa. (JjSj L-lluoll (j j J ^ya i -lie. 1 g Jimj 4jJ 1 (j“° 

jJjall ^C.Jj Jill ojiA AjjLull oJlLall ojlc . -J 1 *i>hj 

> 

.s jjLaia jjc L£Lk -> <i j£a (Lump) jl (Callus) sllA JExplants) 

Jl 

^ l\>^i Jajujj ^Jc. • ■'~ 1 ci j ^jjJall \a el >»-n 11 Ja3J t^JjLujl Aar ■ -n ' 

J Ajlgjll l j 1 g lj» J-> Vi j . j j >^il Ja3 Jl eLuiJI ^alali JiLi. (j^J • i. Uni u 

Jj i j Aiuuil l jgJl ^ (Erlenmeyer) <jjljJ (j-®" 3 (JjLuj j 

(j^AJ A^LlaII LiLiJI 6 3 a Jja . ^Aill j ^Ja ^3 LiL^JI <ja (Jjla-a ^-Ic* 

AjjLjjJI jaJ! CjU ja^>A (j-a Aj^Lk AiJ jJ jliikljj di!Ac.lLa]l ^ lg3c.l jj 

C' n*s ^ja .AiJjall o3a c_ii£jj] Ijuj Ajjljj j^)3 jl ^^ic. Ia] (Jj).j>^a.^k.il (j£aj 

jl jJjjS cLAaC. IaI SAliij i^\ (jA Aj^lk jl J)a ^^Jc. (j^AJ 4 I.Iaa'I 

jjA Ajjik ^ j! J)a ^ja ^A CllljLiill jjlaxj ^ja Aj^I^ jIja 

V Aii ^(Totipotency) ^ ijS&\ I jua l-u^j .j^VI 

4(J^x-a^J! ^.‘.vua ^xjA^k ^3 IAc-j^aII p-LtAjj A.**ni\l (jA ^3^ iS^ (j-a 

J (j^AJ ^ .IjjI JJ AjajI Via j 4 63jL<Ua ^^ic. tl/v^A 

I » * 

Ja-oJ Jill t"'l-s'il<ill (_pa* J 1 g jl tail (jx JjVI (JIIIa A^-jJall JIaIjJJ 

i_jjjajjj tillil .Cjlesiiiall ellA ^qlVi t4£.jjall -»m"i ^Jll ^3U IaiS (Jlj i-Ciiill J 

yj <jjl^Jl 4£.jJall J i"it-Vn.all !j^ajij t e_nVi 1 —ia.jJj V -oli tlllA "ejljll" Jilii 

.jgjjl 9“6 -A^Lj L5^1 ieJjjobo J Jo (Jc- ijj)t^»^.ll 

Media ^jjll LLy,ji 2.3.23 

> 

i.‘‘Einno-sll J 4 -N miVl ^jj iEajlj Ajjlfill IjliLiJl CjjJa Jal 

l_±i£1J JlC- LilLa. <a>. W'nn-all JaLujj'jM Ja* -a ^Aiatii .^j^aLoll jjll (j *a diljiinullj 
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j (Murashige and Skong (MS) JaLajVI oIa J £\ j 

Linsmaier and Skoog j t(2.23 Jj-i^l jkul) iGamborg B 5 (B5) 
(j-a U. Jill MS Jau.jll ^. iVn . n j .Schenk and Hildebrand (SH)j ‘(LS) 

.AjIc. Ailila]l lALj Jlikjj £-a 



A aA .^->11 j^aliatJI J AsLl3.lll ^j^ali*JI Ajic. (jiiaJ Lim -laltujl i kill 

Aj_jjlaC. JJC. l^lSLal ^ajJaj j t (till j-aAll Aakua j AiLlSJl 1‘i.nK y::--' 1 3 ) 

AjjjJaC- illljjfLa ^_Ic- jjll JaLuijI llll Asllal . j-aiil Aj j j jjla 

Ac. jllall CllS jSuJI Afuij olilc.1 ajjHall Jalui j2l <■ kViVi . tlllj^lliilll Ac. ^Ila 



JaluijVI (_$ tCjllj-all j^pa CAlill tlllc- ja-\ .all oiA i—isla. ^Jla .lgj9 SJ jHI 



^Vn.n (_£ill t( Jjj^A.nll j\ ’ijlc.) ^ 1 "^ Jlil ^3 (j_jjjHl ^^ic. 

0j.lLa jjg I i^lll-a'l S lgjj£ tASllall 'U.n.aAj Ajjj*tll aHII f.li 2 lAllJI Ja 9 ^j-a 

till S 1 > AjV 1 Ig-a&l ‘ A qlrs a clilj_j>s^)& 1 kl . -A ' iljoa .1 . ^^Jjalall JlLaall ^Jc. 



(Cytokinins) CjIiujS jii^j ( Jill jjiail lu.li i^L»j (Auxins) 



,£Jjxall lAliJI jjUjj aluiaJI Jill Jiaj 1 .agjK (jl 



*3.23 >s! 



O-Xla-a l"ll CltSlllI (j-a jj J£ AjjiiJI ^jI_)a !1 ^lial 

toJJla^a t“ l\ lA^a ^lll t jlWi; LaSi .AjlllLa ojjj-aJ _^aill (j-a 1 g ~lA.a"' l$j AnU 
LLaj! t_kl j^a jj i dlllll A ~s jVl . _jaSU ^JSlLall -la jjjlll (j, C. I all-s'i jj Ja 

, j > 

0jli illlj -3*Jj Jalui jl ^ AjjJiJI AiiSlI tliia. ^llS^U jaSI] 

Jaltajl Ajjjlii]! till 



Characterstics of plant cells A_jjUUi tiliual j* 3 . 3.23 

. Ajjg -s CjUjIUI j ililjjiill liHl (j c. Aalii-a AiiLull livlajl yj 

ttlililiSlI li^Sll ^3 Aa1_j1q Aj jj j-a Hy\ . s-t ] ^a. J ja. j jA A ^la j l3.A^J 

JjJlaJil (j^aiAi .AjjjUi c" i\ Jq~S > . 1 ^\' Aj 3 (jllaJI (jj^ Ullc- 

IjjjjIJI U!sli.j CjliliSlI lilkiJ AiuiLA/l tlila^all I_y aiu 4.23 
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jaIII ljU .<LuLu Lila. jaj JaLujji (jVlla : 2.23 Jj-iiLi 

4£- jja (jj> 4 jjL131 


( jjjJ JSJ jia) ia~j i^2l 




Gamborg B5 


Murashige and 
Skoog 


ilAJ i^Loll 






SjjjSII uLLuL 




1 650 


NH 4 NO 3 


134 




(NH 4 ) 2 S0 4 


2 500 


1 900 


kno 3 


150 


440 


CaCl 2 .H 2 0 


250 


370 


MgS0 4 .7H 2 0 




170 


kh 2 po 4 


150 




NaH 2 P0 4 .H 2 0 












LL 2 . 1 II UjLjxaII 


0.75 


0.83 


KI 


3 


6.2 


H 3 BO 3 




22.3 


MnS0 4 .4H 2 0 


10 




MnS0 4 .H 2 0 


2 


8.6 


ZnS0 4 .7H 2 0 


0.25 


0.25 


Na 2 MoS0 4 .2H 2 0 


0.025 


0.025 


CuS0 4 .5H 2 0 


0.025 


0.025 


CoC1 2 .6H 2 0 


27.8 


27.8 


FeS0 4 .7H 2 0 


37.3 


37.3 


Na 2 EDTA.2H 2 0 














100 


100 


Myo- (Jjlij-ujjj - jxo 
inositol 
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100 


0.5 


nil 

Nicotinic acid 


1 


0.5 


ciL j 

Pyridoxine.HCl 


1 


0.5 


Thiamine.HCl 




2 


Glycine o^P^- 














20 000 


30 000 





J w"., ,.Vt 4 juLuJ| ja ill ijA (_paxj :3.23 JjiaJl 

Auxins CjlL«SjVt 

Indole-3 -acetic acid (IAA) J=d' -3- J >ii] 

Indole-3 -butyric acid (IB A) -3- J 

Naphthalene-acetic acid (NAA) Jai 
dichlorophenoxy-acetic -4^2 JaJl J5 1£ -2‘4 

4D)<acid (2 

Cytokinins CjLuI^ jjj-21 

Benzylaminopurine (BAP) uijjaj^ JjJw 

Cytokinin 

Zeatine <j£u 
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LjAuIlj uLlHI L£lxJ AjajLuiSH ulLual jj*1\ :4.23 Jjixll 


cjUUI L£U 


LjjjSJI 








^xxll 


200-40 


10-1 


(l^m) jlfojjSia t _>iai5) 


125000-5000 


300-3 


(jlITf) jli-ajjfli-a tgJaxjJI 


4000000-30000 


500-0.5 


(pm 3 ) jjxojjSj* » (•»•>*>" 








75-15 


3-0.33 


4x.Lai n. Ac.Ljaj]| 


0.05-0.01 


2-0.2 




15 


700 


(mmol C-mol 1 ) ji-. ..5V1 id 


If 1 




(Juj* 


l_J jHa-ail 4_: 






f Uaail 


0.65 


0.50 


C-mol biomass/C-mol C-source 


0.0075 


0.015 


^ll <CrLaill ^ tc-lioll SAg 






!j jx) ililiua 


JajajjlLo 


^Caa?xba 


dlSrv^U a .. .A U 




Jajajjj-o 




L-llliJl ^ Auii-il (JiJj 


4jLl 1| jr jLk 

sJlill 


^cIlLcJl ( x_Ja j-qj 


^ Cilia. /a 


ftJjAlo L£L*. 


JLill 
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l.nj djtjljjll ^^jljA <j] 

72—48 ^^)*iLaij (jl <jA AjS] c^c-Loj 24 <jA (Jsl Ij^l^iJ c_ac.Ljaj 

CllUjl£]| ^c. J&\ c*13j Ajjlli]| LjLiJI jl^A JAJ Cij'jWM AjLjjJJ .AC.Lui 

^^c»\,ju^*i ^aj ^j^la IaJ_j_j 6^4-L-ali fijjsj A-^l^]l ^j^Ja (j* ( *— afcjj c A j^)^ ^^11 

2“1 S^lc. ^Ail! ^)aLaJ . (j^^JjJI ^J^Ja ^ll3k]| ^9 J JAJ (J^JtA AjL 4 JJ^ 

Ac- jj* (jl £y* jfi-*j .^-uLJ 6 Jj 4 eft u^j 

<q (jl Vj LjjL^. (jA u' *■ . AjIIiIa]! 4$\x a II AjjLijl! LjjL^JI 

^kj .(AjI^. 20 0 JAXj^a ClljU£j ^^ic. £9lj]l ^ jlj-^l 

jl jliAnlwj 1 — 0 • 5 jS^ ClijijSllI &21A ^ ix^li ^5 (jU^VI } 

(Jj^aj (jl (j^AJ . La^likJ! j)A A^ii^A 1.3kjJtal j I jjLoj (jl (j^-^J 

iC 3lxA]! £jjll jlil J£J liU Ujj LI > 20 -10 J\ aILaII L>LJ £jl> 

JS] liU. Ijjj LIj£ 120 • ^ u-ai (jl I^jISaLj Aj^aL, Jaj^jjuj i‘* 1 Vi j£lj 

^i*i 4t jVI (jla. (jjj jJ jAj (120 g DW (dry weight) l' 1 ) jiJ 
ao^j^aJI ^9 ^LjjLJI ^ja JLJI^ ^^Jl -Jajuj^ll ^ja L U-J"^ ^-il-sl^il aL Jja 

.(%10 -5) SUS 



j) ^.jjJall ^gk cAjjIa 25 ajl^a. -Ijc- a^L CAjLill LjL. (^aIj 

^ikJjail (jl . A-UvlilujV I CIjI^IalJ! ^gk Clilijllkl cS^Jl ^ (jl Vj c^^Uall 

j)A9 . ^ IaC- ^-ujI^]I (jUajll dj|j ^^)ljAll A-jj^ll Clljlc-laAll ^9 g. j),x^a,ll 



^jj),jJa,ll *.*1.11 ^^1^ ^-J^-5 -0 ^lc« (J 11 j)^AAll 

5^1 jj JJ (> ^Uijll ia3 ^.iVn.n l^jSJ c(Photoautotrophic) 



. JjiaJI AjLaC- 



(jl Jiaa ^ UJ ^9 IaA AjjLiill Aj^l^kll ^aII (jj 

CjIjIuII LjLk ^jj cillil . 

.A-l^.llijVI aJUJI LjUJI Jajla^ j)A (jjj^A cJ^I (j-° 



Ac-^uiJ <9j-all a ^HaII jjA a^jj£ 



1jIja£J a VuaII 
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^HSyi Aullc AjjUj i Jb£- 4jlaSn 0^*9 :5.23 Jj-iaJl 


If) 

(j*j i/M 


»Uaxl! 

(d^lf) 


f UaC- 
gniall 
UJJ %) 


4l£l\ jUjJ 
AjjjaJI 

Ujj f) 

( JjJ/lilA 




<^ua £ja 


0.91 


5.5 


21.4 


25.7 


ciLjj^a 

(Rosmarinic acid) 


Coleus blumei 


0.16 


4 


11.4 


35 


(Rosmarinic acid) 


Anchusa 

officinalis 


0.6 


3.5 


5 


70 


(Berberine) jjjjjjII 


Coptis japonica 


0.12 


1.2 


8.9 


13.5 


Jjjl 

(Anthocyanins) 


Per ilia fructens 


0.025 


0.3 


2.5 


12.1 


(Sanguinarine) 


Papaver 

somniferum 


0.025 


0.89 






(Taxuyunnanine C) 


Taxus chinensis 


0.01 


0.12 






(Paclitaxel) 


Taxus 

canadensis 


0.008 


0.23 


1 




^jUli^uaj + (ju*nU-d 

(Ajmalicine + 
serpentine) 


Catharanthus 

roseus 


0.0002 




0.95 




(Hyoscyamine) 


Atropa 

belladona 


0.4 


3 


27 




jUjI 

(Anthraquinones) 


Marinda 

citrifolia 
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<3^131 cjLuiuSn jrLijl 4.3.23 



Production of secondary metabolites 

^tiij i AjjLull f. \ j LLLiJI ^-33'° <3° »ad*JI “Lollop Cj^v _L 

. A » U .-~)V I j 4_jj .."s II dll yn.a11 J idl^)j)L)»1l j 1 l" l' g 5 1-all j t4jjl j3l dl_l5ij3l 
ojA (Ja 4j]lc. dLjjjJ.ui.fl ^Liil ‘LflLaJ ^LiiLH ^Idjl (jjj £jtjj]l Ut j±U j 

.(5.23 JjdJI) AjjjLUl dUdLiSfl 

^jj Lai 4_1 aAI jt&yi 4 jjIj 3I dLSijdl (_pa*J ^Llil (j) 4 Lit II £_jj 3 j 
.A qW a\\ 4j_jliJI ^jl_>2l (Id. ^4®) 4 " 1 3’ a< 3 JafiS (j^J 4 f^ ^ 3 LsiUaJ 

7 Jd-o i(Berberine) L«dL« t^-dl djl^l ^-d A^h ^ 

jjd.j t(Shikonin) jpjldll L»l j-o jiil Jll dlolji 

((Taxol) Jju£Lill) (Paclitaxel) Ju.,51 nKljl j (Genseng) ^ndjtll 

3_yui£lj]l lull'd J Jjjui^i ^l=d LjC-Lda Addall dl l5jdl ^^ic. 4lLal 

4jj1j-flj5 dLfs^al Ljjldi daLJI ^LiiLH 4jl.aC. 4-ijl£Lal AjIjuV <Juali. daAl 

. L>°-JI kataj^o A um.nt'i.0 

4jj 1 J-flj5 AaILui dLLj-o (Jj_jd Jd LLLdl £ jl> ^alddoil Ldjl L)daJ 

^ (J23I jA La£ ijjSI dd dlj dlddn L>2^l SdA3 

kjUc pilkn ^31 t (Digoxin) jp-3 _$ad Jl (Digitoxin) (jj^j%?y3l 

3 j .(Stereospecific hydroxylation) Ldl ja ajc. j 3I ka.j^JI ^ Sdl j 
# « * 
^dj I .111 p?-j ^ dl iLjldi *Uu>Loj 3' bn 11 Ajtuilj 4_iLaC. ^31 I La 

■* 

<jaAL/I dlj <_Sp=“-3l dlLaVI (j* -Ijdll djdi L3 . 3J jj Aj-ald ^-lj!d.l Of.lpi 

.djldi AjLoC. j^JI Igd ^j\ jjjiai ^ii (jdj tdjLdll 



Optimisation of productivity 



42ia| 4.23 



A , ’7' *■ . '. U[1 .' jflLajAL/l dlj dl ;Sj31 ^-dl ’dLy] A aid ^ dLidiljluil 

Soldi IgJjlli ‘ " dLijdl jldL I sLa .Ajlildll LLdll ^jl> A.jJVil A 4_diid 



dddii 



La.'iic. ^rdVI Vi 



i.A\\\ A^jLolC ^alc. AMI ^ 
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jlxall LajL ,'<ln tCAjLiill LLLa <]La. ^2 t4xl VI ajxll ^Jc. - 4 )J£ > LI 

(. . iVa’i.,31 ^Ixil Ja.1 Jaxu _jll J'o^ ^gh jxjj ^^lill Ig.xiS'l 4"inll (_gA Lajli 

GMP SiaJI A )» Ajuj^LoaII j ^aUaJ Aj 33A 3 (.A k\^\\ 

^aUaj jLn^.1 ^ LiuUJj i. 1* l‘nn ^^jl! jj^aliaJI 

£ jj ]1 Jauij AJlal (j-4j tf UHjVI j ALjiJI 1.4.23 
Screening and selection, medium optimisation 

(jc. 3A A-ill-C- -^3^^ C5^ cJ ^ A^jjll Jj 

JJjyxJI JaLujjlj 3-0^]! A_!jaI cilli .IXJ3 pISlajVI_J A-L3a.ll 

.aIOUI 4j3k.ll ciA.ql* aII ^313*3 oktaJI ^3)3-0 ^ Lojj ^lill djtjljjll ^.la*ij| 

> 

34 ^LiiVI aJIc. ciiVVLJI ^a~\"uu'\j i^jjuxx J£ 3c. 4xaLiiVI (jiLii «4JlaJ! oia 

S.laj JVLi. o^)ii£ ^LaxaLi ^Ixi) (jjq-s'l 3 i—sC^JI 3x<jj . ^Ixxjl^iUI ^)j_jiaill JaJ 

3^.1 j . 4-jjl-sH CllalxJI ^^3 ^_jj]l Jajoi_jJI (3° J5L1 ^al 34JII 

3 <■" 'I il?naxll ^lliVI 4x11c. dlljliill 3^ ejCilix 4ijVl& LajL -la jj V t-Iaall «■ jjxI 
3! J.I11 4jl V] . dll iWunxIl oil& ^LuV I g ix Apiliixll ^JjiAll £ jl jJI j 4j«_iiUI 

. 4xjAH CjlaLtxll jl J>4 J al > >rs 11 ^ jl3<® 3“ Ja-laSl LU1J3I HxA 

4 ^ j' C i_s j3^ _jl^“\'l jajj Cilia. Si—aliaj 4ia jill 3^ lalaxiVI <3la 3 Lai 

3c- iLLia uillj csiij .4x11c- ^tlij Liil£xj ^jJ| L3UJI *.liLl 4 iL>.aVI l _ s Ja*j 

Ca.1 4 L.J Ji 4'nl\..i Allj ^Cii LI 4^ L . . j ^Li . _ L yA 4^LCal 

(Jjjji l glc. . C jailall ^llall ^ jlaJI jLixJI IjjC a-laJj ^^ill CllLal^V! 

LLU. e-lliiV (Flourophenylaganine) 31IVI Jiiiajjjlall <_£ j-a ^±Lkal ijllall 
(Jc-liLI JllxJ oCAa-all ajJaiJI 3] • ^-' a_iL jxil ILa (Jijaj ^ L- sjjlLI ^iill diLii 

3-a-Cajj ^1 Lii ^ (Coffeoyl putrescine) 310UJJJJ1 Jj jUjS ^iu^ ^ 
J^. jLill (Phynel alanine layase) (PAL) jlL 3 jjVI JjjL ^jiVI Jxc. 

Cal 4xa ^'a/' ^jll LLLail 3] ‘ allSL ‘Caiii . Ajluum 5JI 3j J 3^ I Jjjj2 j J jlill Jalilll 

3jiV' JjjjS (=^3! 3-« 4-lllc- 4x11x3 .^11"' Ci ^gjll till! 311V I JlllS jjjlill ( 3 a J )*jll 
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(JSl 1.5) A-illxll ^ caIa £jj]| l2)La. (JjSj <a11ajj 4 (PAL) jLJ 

.(^ jlfc^V I L£>iaJI Ja j)L*s ^Ljj ^JA dil^o 10“ 6 — j ^^ic.1 lAAj 4jlJ 

LojIa ^j^-q1i]I ^»Ac« ^^9 JUn Ajxujj^j <l£joi-a £.lijjjVlj Aij^}iJI CjH^aJ 

JA\ ^A CjVL^JI qa %50 t^lc. (J£jau3 a£>Luj ^ic. (Jjj^aaJI <j-o 

. S^SJjOirfQ Aj^lk La. ^Lj| 1 ^ jfr ^ 

^ja x«a'l AAxJI \ut>\) Ja£3 ^jjjJ 6 .via x> £ I ^aJ ^A ~jjl Jaj»u jll mJjaI ^jj 

aAc. ^Jj ^LaA AjjLill Ajl^Sl (jj^J Lftjj j 4 Aa'ak 'I aJA ^k (J^.Aj Clilj j£-<JI 

qa ^jLII ^jl$jll jjjLJI aJvOLq JjS ^caI^-q 10 Jj ^j) cAlc.ljj 

AdjlS-oj AaAu c_J^)LaA AlAcJ (JjJaflj S^laaJI dAA -Ljojj <■ t ^ : )-)*A 

A^lj (^)Ij*-q) Afi-J A^ixA L5^ L>^ ^3 SAC. ^jjjaM 

(jj A-ij!^*uix3l CAl ^1*11^11 AAxlLo (JjIaA Lo-o 4Aj^)aA J£ ^3 

AjjjIjII CjUliiLauJI j-lljjj 3-*ull ^3 jjJj j-^ 4 ^*aI jj£VI ^aL j£-<JI 

La£ . ^1 AiLjaJ CAj^jVI ^)Ax-a-aj 4 CAl j AA J 4^aj]l CAIj^g^)A 

C-jjAallj ^j^Jall l ^ n^jJ 4 (JLg ^-<A ia j^)Aio LjaJ I* VNJ 

LgIA (J-qI 4 6 ^)l^}aJlj 



4Aj-aL^!l l^Jaj^jjoi A jLc. j C-J^L^AajjV I A jLc- ^ja (JfLl <jl LoJj 

J> s 

^■lAj] (jjfL 4^jVI Al^^-al! .Jjdk ^^Jc. C^LI jaJ ^Vn>n Lc LJlc- Ajli 

(J£>j>l-i -LLojjI jULkl cAUa] 4 Aj jijaJI aLSII 

> 

ji^J -Ljoj J L^LaJI (JlL 4(^ljjVI 3^j) Aia.^1! ^3 J .^j-aL^ 

Aj 4^ai]l Jajoi J A£-a! -Ljojj aILqI ^jj .Aj^jIj]I CIjIjISjjuiaII ^lix-aj 

^j^ll (jA Ja33 fiA^.1 j Al^.^)-<i A^.1^. tilllA ^jj 

^ Vj 4 A^.Sk.11 i^ja i\l*>*n AjjIUI dAA (jl ^ja 

CIjI^jjIj ^jc« aIj-cVI jjs* x } 6.23 (JjAaJI ^Jaxj 30 — 20 _j!aL«ij AA^tijVI 

^ jjoi£j]t L^U. ^ jl ja ^k (Paclictaxel) J..u^LjKIj ^u\ ^k a^ j£a CjUJU-c 

. (Taxus) 
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Paclictaxel Jj< aSLUlSLfl jrlij) ^ Asijjla CiK'U « eiil jjjh Lf lc- 42iai :6.23 JjJa-SI 

Tax US C> O^-Vif 4jji* 



Jj, yi ^jluui 

(>y 











2 


0.02 


(Ethylene) 


T. cuspidata 


2.7 




(i) MeJ 




3.8 




MeJ + uaLAjV' 




6.5 


0.5 


Cj .^^3^ 




0)14 


(v) 7 


^ jjJa 




0.3 


1.1 


(Ethylene) 


T. chinensis 


10.8 




jq^k ^qA±l CLiUoaLg^ Ag 

jjU;" 




5.2 




c5 jia_a 




1.1 


0.2 


(Abscisic acid) An.iuaiVI 




18 




MeJ + AluinalVl 




10.6 




MeJ 




20.2 


4.1 


jjjSjj + MeJ + ujJujJ 


(Taxuyunanine) 


18.6 




jjjLuj + MeJ 




4.7 


1.1 


(Lanthanum ions) ? jjla£UI cAjji 
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78.5 


2.1 


(J jiiijLa + JaiuJa 


m 0.6 


k) 0.28 


(Brassinolide) jjV jjj ~' jj 


25 


0.9 


jljjjijj + MeJ + Ag + 
(Chitosan) 


5.20 




_J ^aLlaj 


48 




jjiall ^Ijj ^aUaj + j.ia.d 


12 


3.4 


^aliaj 


16.7 




AjJlxJ + dl j ^)duj “1" J__$3a]| ^IjJ ^aUaj 
A^SLuill dlLd^dlj 


62.3 


16.4 




67 


3.8 


A 3 1 Jaaxo AjAij 


137.5 


30.9 


ojl jaJI (Jj^j + Ag + 


110 


28.2 


MeJ 



.(methyl jasmonate) oUj-»jU jl MeJ = (') 

.(uLii) mg g 1 = (v) 
.0.28 mg g 1 = (£) 
.(A*-) 14 mg g-1 = (J) 
.0.6 mg g 1 = (-*) 

Culture of differentiated cells L£taJ £ jj 2.4.23 

^a j » ciiLdiia ; dal <jj 

L_Ujai]l j (J!La Ldlj i** vWj V Aj^ldll Clilalx-dl 

^ jjflll J ^3 A n'ln-iVlall IjildJI ^gic. CllL^-jVI 

S-LjaC-V^ . ^<u]I dllj A_aiid-c CliLiiljj ^l.^Vnulj iA_i^,^l^ 

(J!i« c 4 d ^ V I ciAjLil]! l^-ilaxj ciliJ A^-jLobc jjlfill djldlijjaL^ll LLaLoj! 

(Hyocyamine) <> (Tropan alkaloids) uWjj^' 
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j (> . jJJI £■ jl J J jUj (Scopolamine) jjtf jjJuJI j 

j^A ja ^all jl 1 jr - 1 Wwi'l \ ^Jl J^xaall ^j^aJI'' J ^C-Aj La t Jc- J ^ ^ ^ 

-LljjAll 4jc-^i.VI l ;jfJ 4 1*» "'I JJ -LijljjJI <jli2l j;j^"' (JLL^. ja t^JjLij jaj dllj ja jfc 
La lc.jj JSI j^j cjL^-a jjaJI oaa ^ J J c^Ulaj .Agrobacterium rhizogen 
35 Jl ' g ar-1 . >i‘i\ Clisj Jjj) <aia_all LjliJI jl ja jaj CllY-lxa ja 

AASauall (jl .4 jJ jaill AjJall jjAJI fil Jai,.ial I j-~. I -^.Via jiVi I g 'SI i(Ac.La 
ja ^C.^]La .\A 2 ^jZa lAjLjLaa ( J& ^3 ^A e-LaaC-VI £-Jja ^J 4jaaLaVI 

jl V] i£- J Jll jl/ j j j; ^ I' ^ jj] Lj I' dlLtc-liall ^ I jl djlsaaal^a AjA^j 

(Jl j La (e-LjaC-'JI £-J ja) A.aLa A I oAA ^Ia^LuIj - >■ (_£ jLaa Jc. (_£ jLjLI ^lliVI 

.(3.5.23 S >11 Lj jJijl) 4iK3l Ji^a 

JaLuJI (JcUliII JJ1I LLUJI (Immobilisation) a £ j *. -Jj j^j 

jjaa^J Jl JIaILj t jjLalll Jl (_£Ajj A3 Laa OJjJiall LLliJI jAJ 

LlLLiJI jJaiAaJ Jja jc. t(Jl!Lall Jiaa Jc. tLLLiJI AjJ j£aJ .<jJjiVI 

J J t(Calcium alginate) ^jj-iKII oLuJI Jla tJ*J=. cA-aLU JJa 
£ jl ja J LaSj tjSJj .(Polyurethane) jAijJI ajac sj. j ja cjJtLa 

t _g£-l U^ill (_g J.uall Jl ^IajJ oAljj i. jlh ^.ulU J l JUJI jli te-LaaC-VI 

.(3.5.23 s Jill LJ jLil) 

AjLlLI LpO. ‘Luici 4jjJj jjaaAaJ » <A.",. ,.-. iJjjjj Jjjlaa j AjlaSja : 7.23 JjaJI 



Dimethyl sulphoxide 
Phenylethyl alcohol 
Chloroform 
Triton X-100 
Cetrimide 
Tween 20 
Tween 40 
Tween 80 



.hi ^q\ a I'\ l 

(JAjV' Jy 3 

10 — X jjiijj 

1' 

20 jjjj 

40 jjjj 

80 jjjj 
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Secretion of product 



gl Ufl jl J\ 3.4.23 



j iqVll (jjl^)la .133 iljliliJI (JaJj (j_>^ 



- '<•* * jl Loj 



(jJajiiklj 4_ilaJI jx ^r"n.all a jdx ^ IV'n alna* g"il Vn.all a2k jljfll 

jA A ;l-s\l j^ jl jSl) j ] AM jil*JI <a. jiill (jl .<a.l!ijl j>a .Ijjj 43 La-a ^^Ai.1.21 



^ . >»'i (_£j]l 4j_^Ja*JI (Jail % -all£ t4 ;A1I a- LuiC- jx 4jjj (Jxl_jC. AsL-ial 

I g'l , slljt-a 4jjlSual ^_]l AiLjal c (7 .23 (J A1 j Cjl qh 'oil j! 4jLaa£ jqlmll (Jjn a 



(^j^aLt^sua jV I (Jxl& jx jlii j^ia jLuo j-a j . jjj3 djL^._jxllj 

^ ;-aVi ajjj 4a. jj U Afrjjxll ^^Jl (8.23 (Jj-laJI) ^j^)ax jJ& JjLu jl i—iL-rall 



gllall <11 jU lilljj ca44a~a cllVLa (_^i <ia.llj'yi jx jm-sj Lax 4 



4xJail jjjUl a a ><">. „A\ ^aLuoaJVI J^l jC j (Jxlla-all q! axj :8.23 JjAaJI 

<xjLuJI Lj^LLlI <C.| jJ jjlall <jjL1j 




JilUxil 


Myglyol 


(J jjlxjLa 


Paraffin 


u^l jW 


Dibutylphthalate 


CliVUiall iJjj _jj ^Lii 


Decane 


jl£jJ 


Hexadecane 




Dioctylphthalate 


aliVUlill (Jjj£ j (_jjljj 

4 jlAI jljlaVI 

XAD4 

XAD7 

RP 

Ajjjjl allV^Aa 



910 



Elicitation 



4.4.23 



AjjjLi AAJ dlljA^ (Jji-uU Vjg aAl djAAlL dAjAll VAal ^ iu>n 

(jjjll AAdd, Cil £.j* ^a j : (Phytoalexins) diljAAll Jdi A*^ diAjJ 
(jx AjuAdJI ACc. j.a'N a dlljlAI jj^ ^ JH . Jll^}A] bAI ina A_i1As djlA ^Jj^AI 
idlAjjAL/l j t till A j jiiL j jj Jj'nqtl j i<dilAj_jjjjj]l ^jJaj aAAll dil^pJAll 
Jill tdlAjAl oA& (JSAii . AJj A_i*_A=lII >■" VTAI t _j-° a Vn«o J tAb'All Jj 
jIa^ ~ L.^~ jjjja Lf~ ‘<jA^ l>^ jl t JAII dAAa jl dil,\nii (jj£j aS 

(J_j ‘ -*»•>■ " jjAaJ A1 tAjAaL/l aljjl A_1 xsjj^)AI AjAII jlAa. ^ya jl AlAll A lAH 
dlAAll (jx j! dltjAll Ada^AI A-Ijg -s^ll idlAAll i"'l >nlVim< jj^ Igjlc. 

£±ddill jjqV’i e .Al (jAaA j)£LaJ tiillAl j .a jj-a-sllSl (AjaAII 

JAM JJ j) (Jasmonic acid) Ac _^AJI AA1I dl J A <_$ jJI 

' ■ A 1 g mg' (jc. ^AaII Alull A VI > nl a At a j All j) Jj . ^^ALtll (Ada VlAI 

.A All dl^pjAll ^ I ~1 . -V (jAdalil Jill A_lxj!ijAI dLAAM 

AA t(Biotic elicitor) AjJI dLdJAL ^aj La Jl AdA'L 
ccljjji j=l jll (Abiotic elicitors) ajj^AII dLd^pAL uj*j La Ldi 
(jAaj LA .((Vanadate) dbljAl Ala) AjaclUl ^HAM y a umi jALAI 



j jA 1 . _ la L (jl 



t ^ ...an'l 



jjj ^AAM jl A .dAlt VadAH t AjaAV (Jl _j*J 

. Aajl dll y^A 



LUdJI ^jl Js Aajl ^gA dtjAll ^^2 VAall dLd^aAII a Aft 

J jaJI) (Paclitaxel) (JiAAKLill ^Al tAla tAjjj (jdLijVill Ajuti .AA1I 
dljAA Cnujl ajaaAI ulj A All C'ljb'i.iix'll a 4-AsJI ?._jA aaU .(6.23 

. A A 



.^AVI baLj] <C._jILa CllljJLa dll a jjAo 9.23 JjdaJI (J^tvL 
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CjLiSt (jjUjtaal Jjjl jla : 9.23 Jj-taJI 


(JSLu1a]| 


s jj-all 


Ljjbjall 


<lLjia!t 


A M ''\\ A Q \ ^ Li £ A <M1 


oAxJ a^lj^ll Aijl£-al 

L q! 9 , >s\ 


(j -0 ^-^ C ’ 

ipUJI -Lj^ 


<L>]| 

(Screening) 


* 

a j-lra A 

^)Luia]| LgjI J ^*ul j 

aU£j 


ajLi^l (J^joi 

A_r^.lajVl 


s.l£ij| Jaj^)joi ^jlfEjl 
l*s ^ \ -> -v \ 4 ■ A 

l£UJ 


(Selection) 


A_a».Lak, lilliA t a£1_uj 
^- 0 Alalia 

^11 


a-laJ ajL^jll A_ijl£-Gl 
(j^xd Jl3 c L-fllat x^-al 
-Ejoij 


dllj j£a jnVi 
A q\"iA a JaLujjl 


t-» , n j\' “Uj-ol 

(Medium 

optimization) 


J)A ill 








^ic- L < a\ < N>a 
t^C.llx-^11 (_£jJjoia]| 
AjJj.Wa 


^^3 a jl_jJ) ULiaJ 
A,j\aC. 4A_r^.Ujyi 

D^aILuIA 


JLliSJ ^aUaj jliikl 
A^^pJl 


a£j-» auSj 

(Immobilisation) 


ajjLaoII CjIj^.1^11 

C_Llu_i1 


a^A 1 -la*. ( xijj-a 
Jallj Aic. aJl^.1 j 
a jlil^-A 


^jJa^j^kAll ^jl l'Wl 


Elicitation 


^>1 , W'txJ A.J Jg xs-i 

(jjlki J&. ^Jy* 
£-Jj 


Jc. <jEaj 

AjLola ^tijj 
CiUill .Vic. 


^ ^jl ^a! JaLuj jl jL^jj 
^-jjill j 


6^jLq1a]| U^LiJl 

(Differentiation) 


i u ^'\W CjIjLuia 
jjt 

l^yil \ A3j^)*_a 

Aj jI^Lq l" ^ (j-0 


A_g _^. ^a Aj^jULa 


^jC. Jal^slj i lg*l\l 

1^ '1, ^'lll l ** ^1 * l n «N. 

LSjJaJI 


A_bJajl A-ujAjA 
(A^J^U) 

(Metabolic 

engineering) 
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Metabolic engineering oW^' j' 5.4.23 

tljLijlfLal Lajlj (LJlia 0^)2j!La]l a-Li^VI ale. (JjLoij 

jl 4 jjLu]I 4jl-sll ^ n^ia jjjm-sM 

^jn^i’i CjIjLu« jl jLuixs 4jLiaC. Aij*_a i_ lUi'n ilj& -j£] .LlK oAldi. i" '1 i^ j^o 

(jLuixll (jxu>i 4 ) 1)1 ti jll CjIj£^)aIIj ^i j )3<-4]l 4** n n’l lgj3 Laj lU’lm-nll 

* 

d^Ul ^AjqLj Li-a . dj' *n^\l j a^^LjIaI! djLoj^jVI ^3] 4-sLJaVL 

4_1aAVI (_£A ^r*nx>31 al^jL JjSAj SaL^ 4-iaJjl jliJ jjiaJ q\ ^lilol! 

djl ^jLuLftll aAA ^hat x> 6^)3 j!1a1I <3^)xa]I ^jls 6-iaaJI <jl V] .fi^dl-Ui 

.SA^.W^q ^^A 



^ jaaJ) lj! jLuj-a iul j-uaj 



Biosynthetic pathway mapping 

^Ic- JaSs Ajika Lllc- ^^A AjjLiill CjI Vi a It djI^Lui-a >a (jj 
jUjJ! J] ^Siaj Li Lllc. Igil Vj c<ALi-<i diLjiaj 3-0 .djL^Lj 

! AA j ^Loi-a ^3 4^ jVLlt A-IaJjajjJI dlLS^-oll Vsl£ ^jLall 

. ^idij ^lill djLnaJt j ^ ^VLall C )\ A\^y^\ CIAjoiI^aII AjuIj-g Jjjatj 

C^jojLjjI (j5Lb!u.j .CjI jLauill aLcLuj -LjI^)^ £jJaj 4_^L^. dlLlA 4 dll a] A^jlu 

.(JJ^I! (j-a <_£ j±\ J t L_llajjab<Jl <g_^. (j-a Iajj Uaa. 1 c^jiljjlLi ^IaVu J 

AjjLj]I ^ jl j! Aliill ajjjj ^jj jVI 5-jjlLJI ^-luilSL 

(j* a£L.U Ajiij AiLdaj ^ -L : )j>^ ^31 l-^^-^L 

(JS Aic. j cJL^ ^jlij »(3 jLolaII Ujja 

Ajliia^\ ^jJaL a^.VI JjoiLojj cJ_>^ djLo^Lt-<i3l ^al Aidjoal L^V L)^-^ (^Ail cAl^ijl 
^3 AJaJjai^ll CjL^^aII Jal 3^-jl CjLjV j . ^ 3 ^ ^3 I <JjujJ^a3! 

a i* i* 

4 13 iAilLoj v-ljLlS yA oJjJta. Ajjli-a ^.^"ua’l 4(Jc.lijll 

13 ^ '» l 5JJ^ 0jljll JjW' 1 g jlj ^aJ 

Aili^al lIloJ t^jJal_j^ jl ^jJaj-0 ^1 ^ (Jiai jj-a iilljj(C13- NMR) 
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(jSuaJ tdiLa jl*-all oSlA ( jic. a-liJj .4 _jaA^/I ^JjaSI jaJI ^ic. 13 (jjJJ^ll 

^3 1 g A jijl (JaW .all A S-i n »i jll j lYill (jAu La£ t j£.a.a]l jl..i.all ^Ijlisl 

^^jtadjIiSI (_g JJ Al U<n"lll AjlLa ^^Sill AjlLaSI oSlA ClljgJ=il AS . jLuiaSI 



. S.^q» a Ajia. dll jAaS AaJjia. £jJaj jJjSLSI 1 g ->1 -N "l 



ALiAjIjAiI ^, - iVn«"l3 tjjjiJI (jjLuil ^^ic. A iii-all AjULoSIj (jlAj LuS A I 
Al-iA A i-s nl jAl ^^A JAaj Ajja-all ALiAjl jluiV I oA .AiiAa 

jl ^l*A)/l A li ml jj ^)Aa) Cjl jq}->ll ^jljAtSI ^tjj)/l (j-o V JUS . AljilaSI 

^ya oA AAI ^3 oj3j!lo ^gJjjAl ?.Aa.VI ^alc. Al jjl (jli t(sjaiaAll AljjAaASI 

JAlall JAdl ^ajjlj i!SlA) AAlijjl jAl AjjlaJ l"'l n-sll JjliaM (JA 

(Antisense jajAIS aAa> aIa. ^IaaJ J t(Transposon tagging) 
i . 4 An . ((ji ui l -sl l (_ix-aal! jAl t(RNAi) tJ^AaSI RNA — SI jl genes) 
a jlrAI AjJLaj JA ^ya A "ill SI ^3 Al iW UhAI JjlVi (jjAl J-ifwjj join'll dAjlLo 
A A > 11 jil CjlAjJI jjj£ JA cA -5 •(_£ S' jAAl ^-3 tdjjjlj ^^Sill Al jAAI jl 
(Jljj V i^^SAJI Al3jll ^3 . JllillSI A i» AjAaSI oA (j j^’l ■ a tAjjaua JJC. 

^ in .All jAua ^ya jljijl ^^Ic- a jlrs * kjjaA A I'Wi-all A ;A 1, AA11 AjlLall 

’j A jA Aj jIA ^_a ajaAal! A AAI AjiSj A Aj jfl I (Jj*- t ^gJALj j jj Al 

.(_£ jj~a SI ^ ' ‘ ■ .All jAia (JA 

Techniques for plant transformation ejLifl Ja.S &» cjlajiUI 

(Jij :CjLuSI iJ^Ij oAja^. t“'l iJLlS)! Ic.j±£i j!i£VI L-aA (jULjla adliA 
4 A Ji jj jjiLjaSI Cilii^JI Jlij Agrobacterium <jc.^VI l,:j/A' jj CjUjjJI 
.(Direct gene transfer by particle bombardment) yy^\ --a-A 



^1 jiSI ASA UjiA ^ Agrobacterium tumefacien A j^JI Ac^y/ 
oA i.^ ii>/i'i .cijljjll (Crown gall) (jjAll (jjaj^s l-Aj cAjiiSI ^3 j 

eiiliiaJI jjaaj Jijj j»jiS AAaVI cjljLi.1 jixj t ^ jjAl (j£d ^ ejULiiil LijiAll 

IAU ^ .jua. A) Turner-inducing (Ti) plasmid ? jjiS jA-dl aia>AJI (> 
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. (Cytokinins) j (Auxins) chLi^SYl ^Liil ^ i±sj idlgll 

IllA |_J ji Jisl .(jjJlill (J£jd ^Jj l 4 - 0 jjISjj lAlill _'■* ILAj 

l" \\ ‘n-N. \ ^)jil a_)ii-all dliiill (Jljjluil (jc. JJjA'H 

Wn .."i , dliliill LsNi IgJlijI 

jjjij ^ £_uilj ^liill -io jjdl <jf- J^Y! Jab jaliaj Lilli. ^.lVnn; 

<JC _^y/ lijJJ^J (j-a ^Jvlui Oiluii t^Uajll ILa ^ . <1 j_)x-all -LiiLilll lAlill 

^gic. (_£j OiJ t(Jalj .liajld jA l&iil i(jjaioj^Lj <_£ Jjij -La J^aJI 

T-^b ((jlLjjaill 4j j£a jjc) (Non-oncogenic) ^ jjll 4-ij£-a jj& Cjlui 
Jj <3ld)/lj tlgjc. dull Jj Jli-lj jball <jj^>*J 11 Cjlliill j tDNA 
(_5 jLi ' JlcLui-all" -lysjjll t_jA ^yjLillj t^Ciijjliall JiiL/lj a-lsoNI Clllii 

tJaill ?. jjjJ .T-DNA ^jjl <jj£Lall jjc. dln-vlt (Jlilil J jjJj “Clni dll n-s 
jjc. (Sjillj j JM l^-i3 LaJ L_jLic.VI J 4-J ^A'N SI jLa^ CjIjLJI a J 

jAj 6C_jjJ c > i n*m . 4jp jaV / LjjjjSj 4_LxuiI jJ jjj^aSS Ac. 1 Ja-a 

jj^JI J jj 6 (Rhizogenes) jJyL j ^ J' <3* j*St. I 3ji&j 

J£jij ^Jl . (Hairy roots) jj^Jf j £13^1 

djLvi^vxAi^il ^Ijjj (JJ £y* ^^jajoJI jj.iJI ^ jl3° 

<jc. ttiUij CjIjIJI Jj CllLiiJS jjjjLiaII Jail! (j£-aJ 
1.2(im — 0.4 (j-* 4 JaSj^ ^ jfr^SI j\ 'nil (j -0 6^)j» ^_^Ual 

a5jj Aimll Jj ^Uxj DNA SLj (34^ 

Clilij.V^) t I ja CIjLcJjoiJI AjI^jLo j] (Jjt-c j\ ASi\jj 

£ 1* £ 

.^LVI ^3 ^joil J W^ntixi dili j, V^llj Lo jl A^j3J 

(J^Ij Jj l_ij^)3lSI DNA SI (JS-^j a.^,)Vum 31 <!Lai Jt ^jc- Ja^SI 

(JaJI Jj AiLjaVLj clJL^jj DNA SI <*Ja3 ^j'Wi ^AjjlJI 4 jS^SI 

(JtfaaSI J^jl) L_LujL1a1I ^j>I).>>^ < oSI Jc. j £.lal3U (JjIS ^a-xjjlj (JA^. J^ __^^JI 

Lo ojLc. ! Juj JbJa 4_-ojlL«i]| I^A ^.laljVI (a-^lj Cj£^ *((J Jl 

(Kanamycin) (j^UliiSlS cAjjJSI 13UJ 5JU. J ^ AxJa 
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.(Glyphosate) CiL* ijiAUK J i(Hygromycin) j^UjjjulgJI j 

<jli cA-xiLaJI ciAj£^a 3I a La (J!La ^ ^ic. Lc-^c. c^Ilijj 

^CiiAjJa ^ 6 aLjJI l_i£^a]I JbJa ^LaiJ (_£^l 6 (J ^-Lia.!! (jA^l! 1 aL>g ^lil! L£)l^J! 

L£)l^J! La! t ^Luil! G_i£^a]! J Ja-uj^l! ^9 pULl! (j-a j^'{h» ^^lil! cLg-a 



A-iSj ^_2kl_>k. tilU^a (J-aj. au^aSI Al a. uaiIIj^ . Cj^aL-oS y jLLJI ^\lzJI jc. ^ (^ill 

, AajI_u 1I 1 bl A 11 ^il AjjC.^)a]I A' \\ jc. J-O jl L? JAAJ jJJXJ jjWi J^.1 ja 



^ ^-aIj (CaMV 35S) S35 -1^ jaSI adyl jjA> l>“jj^ ^Viai 

l "4 ,>i,>i^ /%'! j^s As , jiLo JISaIuI ^Sjjj .Ail£ CjLaIII al jaJ ij^l- 1 l 2 j.. 1 '.'" j,;. 1 -"'" 
j La bajolVI 4 b i ,1 LlLa^ J iQ^i'lVl AAjliil j ^ajAlilL A. i-^ai-^aS.' All j 4Aj^iijll 



jl Glucocorticoids ajjIuJI A-}jljb>all caLSjAI 4A.j>aAnll 
cjlii^ (jc. (<_:£. yj Ij.^»i.^-»-s,'i jjSI j.}'-*- ) cJ^S Cy* (Tetracycline jjA; > 3 jiill 

,l«^J (_^s jl JSS Aliill ^ 



ajuaLo ■ "it ly-v (JlAjj Ljajl ^ail tU^Lkll jjj^LSI Cjj. 1^ -ll£b (JaJ (j-oj 

jajjjV jiaij GUS ja^ JLa Gjlfill lAlaJI JAa Alii ^jj jill DNA SI ^-a 

ajjlall (_ji ,jjj j__)jllS a jjliiLa i- " 'I ' j j^>J ^iujj (^^aSI CjliiaJI j 4 jl.lijjjj£ jic. - liij 

Ja Sjjliiall CjUjj jjdl jSaj . Green fluorescent protein (GFP) *1 ja^lSI 



AaLaaSI pAS. ^AaA IL&j ‘ ^)C A d -IaLaL 41 S' LlSiLiJI A yy q Jya a jaLlo j£Ia]I 

• GUS (JAii “Ciajall (jj^ljll Jc-lij aliiAjjl ,'l'C- i.-'.W I LttS 4 USiliJI (J^ 



idlj aISjoiaII (jl Vj .lul Jj j)i (jjS-AJ 4jalc. iJSaA 

. Aj <j£- ja] 1 ‘■"'I ^.’iVn 1 A S II (j« ^Lii5 b^c. jl (_jl 4A.j..'-a^S.'ibl jj C liV^tA 

(_gjll AlLtill 4 - il j. n J__)jll 01ij V Jaa DNA SI (^ J Q I"') Jl^al ^JJ La..1.IC. Ajl LaS 

Ajjoj^C- CIiLaJI (JA^. (jc. Ja^jLall _jj JJjJ >^3 .l^J 

ajjoujj]! Ai£oLa]l jl li^Aj .gene silencing jj^JI cAS^L A lij cjjj^ill 5_iLoc. 

. aIjUj A a) \ k>.\ Ljl^l! jj-a CllLLij 
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Targets for metabolic engineering 



SLuiAlgJI < a\ A& i 



* - - Wi jjl ^^lill 1 4 n s-iyj I A >>i.Vig 1' Sjjjl IsIa&I j j . .n 1 ' jjl «.^pail 



j^ayi Vi i uV 1 CjLiLuc- (_)d (j-a ~ A~dll jl s ^ '<,^1 ^tiil 






i (_jdl ^paV I _$ kjj^aSI dljldll Ad Va jlLalt Qua Vi • 

S^lxlall dtjlli ^ JJC. dS-lSS^aSI d jlui.« (jdqVi • 

S^dldatdill (Jla) ^ 4jjC-^all dLfi^pall 4 auA oAlj • 

dtjld jl jl t^laJall ^gJI (•‘djlj }-> 4 jj) y dll jjLa c.LlaC.1 • 

.Vujll 



lAldll jl dljldll ^ jl jx 4_iA.Llil (jjUidi tj^.1 (j-a dl g > JJ Sd. ^IjA 

> 

SAW <ill dLajjjVI (j C. jiaiu ^^jll dl ij-nSI ^ ialjSVI iJ-adj tkjjldll 

Vdall 4 j.a,1g II d! j L...a SI ( a_LlB jl <jdid]l dl jlui^ll £_Sa3 jl $ dVlx. lidil A£.j jail 



Ja^)La ^Sj J dl 11'N AJjISn-all ^pa 4 J j V I 4_Aj!ill ^3 . VlAkVI d^ 

c“ l\ n-v (Jldjl (JVld d° I -ag 31 3 Vi (j^-aJ tjjldlVI (jl^A-jilll ' . VUi dLajjl (jC- 



15^ ^LulaSI ^3 S jS-i^. (JlLutj ^aJJ 4(jd^l-^l .RNAi ^l.’l's'unl jl SaI • .n -o 
JjAuJI RNA — II dH (JAdail (Jftliill (jj^ 3 (j 4 -" (Jjaaijll RNA — SI djl‘ awl 
pjjAM 4_iSl*3 (_jdlaVj d-^3^ I- 0 - 0 tWiidSI ^_3 J jdl ^jtjjjall RNA SI j 

. Vlll j3 /d.ll 



Terpenoid indol aijajjSI J jAjj dd Jlil r-ldl dLt j>.Vi Jd 
J^. Vila Catharanthus roseus u^j^jj o*&L >S'i£// <d IAU alkaloids 

jjJaauSLa^V I <Jla AjjI jASI dljl^paiS Lo^-a 1 jA^a-a ddl oAA pjldl jl .4.jd]V I daAi^JI 

.(Vinblastine) j ‘( jjA^SI jddlSI) (Ajmalicine) 
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jlii ‘(j'jjVl £>* jUjVnaJI) Vincristine j 

Geraniol J j Tryptophan jla yyjA\ t<i!U1 4 *^ 



^3 I.3& (jlijjaiVI jLuia j-a dlliia. o3c. ^ -isS .(2.23 JfLuJI 

4 ^] (jjVl Ja^jiall (jl (jJJJJ 40J_4iall “CLuU <J ^I~s 11 

J] ^544 (Tryptophan decarboxylase) (TDC) jlay4j2l 

jijj (jl ^Jc. J4 L<u> tJaia (Tryptamine) ^1 ^tul 

V] cjljjjlSJVI .jix'll (Taladl jA (Secologanin) u.;\;> 

(jj3j ^ n^ial -La^i-dl _J n»‘l\l (jl £3jlLa]l JJE. (j/sj 4 4jl 

.cjljjjlilSU (^k .1 jrliil 4 ) ls^ (Strectosidine synthase) (STR) 




jj^) JjAil (jjjaJI ^.1 infill (4 (liljjaaJ) :2-23 JiuJI 

4 jlijjjjjj igeraniol-10 hydroxylase, G10H , j 5 L«i£ jjJj* -10 
STR strictosidine c jliL^ ‘tryptophan decarboxylase, TDC 

.(glucosidase strictosidine ,SGD 4 jliuijjS 4 ^ ssynthase, 
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S^lj Jjd jya. ^l.di>xL 4 wi.Vlg II dLuilj.1 (jjjj t^lfi. (J£jd 

ojjj£j (."null i_J_jC-^>x]l (_l£jxll ^Liil aijj (jl tjlli ^ >>iJ jLxx (jx oLjdLa 
dl jLi^> aJc. (Jj)>^>~v 4dlSLxl ^3 (JlLalii i—lLxuVI (jx ‘dx'N < _ S -5J ILAj . Ijla^ 

jjxj Lax ILa_j tLLLiJI j)JJ j\ 4 il-sll (_J,L dLL<al_jx]l ^JS jl jl.,.ixll (JLLk oLLa 

4 jxjhlMI dLnJI j)li ti_J£Luax]l oLa j jl Vil j .play I n ~n ~s ^3 LalA I jj. 1 ^ l»\i (jl 
(jj LJ .'ijjJ 4_ixAl dlL ^Jh i jL.axll ILa c" i\ n-% ; -.Lt x jl £_ixs>. j.m"n J Vn Jill 
dLajjl (jx 4.L.nl>.u 4dlj o-iLj Jl (jJjj .33 a" l\ ij~s II e3A (Jlixl -Lajxll jJJJtilil 

. ^ * s-i lL I jLxxll 



jil dLLu J 4 j jjIj dLLajjx ^llil 
Production of secondary metabolites in other plants 

J (l^ia ^axus) dLSjx (jc. jju.'ill J Jal JVI J] a. iaL (jl ^ jxi] jjixj 
t (Ja d7 1 ^t^jxll ^.^ill (jx V 4 j idLLill jjx (_£^_)dl J^jl (j.2 (j I' ^dxalill Jxax 
Jjxx -ii. jj iJLLalt (J..V‘ ■■ Jx 3 . a_l£^)xll ^LiY JxiaSl jiuaa Jc. <_U (ja 

j^dl ^.jidill J ^.’iduaxll (Secologanin) jj- c. jl J j£.n2l jud 

<JHd jjx 4(iilLj -("! jjKlVI Jjjj V S-li3c. dLlii J <■ \'J JJ'" ij J^jl dl -lijiKiY 

J (2.23 J^axil) 4 jjKJVI Jud jLxx J 5Yr JTdc dldjl J JaljiVI 

id c “Styriaca” "ISLjjIL 1 i aLaxoxll Weigelio '.3. 1 *,! J 4dj LLd <c.jjx 

(jjuJLaa.1 j ^(Tryptamine jJdjj) Jj-iiYI ddjKlI ^ LiL dLLill oLa LLU. 

.(2.23 JLLlI ‘(Serpentine) jyidjixj (Ajmalicine) 



production of proteins 



dliu jjLI ^liil 



dLLull Ja J ial JL 4 jc. ^> 4 *J (jl (jJJ JJ 1 (jV (jSLxl tl^Uxll dui. jpa 
^alddxl J ^aLajAL/l (jx I La jlj d 3 tLxad-j dLLLI (jl Lajj . 4 _iiLj]l LLldSI jl 
jaLxi.'yi j dUlililj tJjlj^JI dldjjjJI (jx 4 £.jilx Jl£dt ^LliL/ dLLLI 

Jc- (JjJ) JjLLLII 4 j. JX-S X 4 iLdl (J 4 iL'q^ll Ijjda I g"iLr-l ^3 J .'ijLdxli 
dlliijjj ^LjV 4 -iilxJI LLUJI JaJ=d (J>>» ; ^L'a'u.iLf LisLdl ojx dllljjjll 
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Human serum albumin ^LoAM ^2 J^all jxajJ j j~AM <-&>» 

^Ifr (J£juij a^iLalj t_3jl*-a J1C. 4jjlli]! lAldll J dl\jlli]l (jt VI .(HSA) 

^cliia Jl-s m"i jSlxJj jj .4ia^£. d \\ ^liil ^ ^^al.lVuiil (Ja.1 <jn (GRAS) 
LiauLuil non-GRAS ^Ic- jSdij l^jLalj < jic. dAillS 

dlllLill ^jlj-a v. . lUWl Ida jj'A 1 _j!i£l l alfLa IL&j . 4j«_u)_px (jLal dlLuoljJ •■ . llAj 

jXjjjJ (jdaj lilldj .(jjjjjjll (jc. jj »m 1I JaljSLiU jjjiaj 44311111 LLliJI jl 
(Jlikadl t^ilL dlVLadiiujI dl|j 4_iillj e'lVVul ^jLd ^^ic. ^tll] 

.IgJllLaL i—sljlG-V! V jl i, ''An lillj (jli (_J^kVI dlVLaiduiVI La! .L_ujs]l 



Large scale production joj* ^ j!ul« ^Jc- ^UjVI 5.23 

Introduction Aa-iidl 1.5.23 

diljl.aC. jj_pjaj jib 4jjliill 4 lAH dijiaJI 4jlsull fjM i_i.lgjl yj 



ijA .11.1*21 (j-ai^i'n _jljL)MI li&j .‘LjjLij 4 iaA| djl j dl_plll dllllaina ^ Lii'Lf 4ndda 

djl jail! .(3.23 ijdujl) 1 Li Its all (jlla jib LaSl t-LLJdLall dll_plrS.il 

• Jj^q’lll SjJyaJ 4n j nail dll jli*\ll sift 4di3Lia < Sjau AllLllI 




. Aj^j^ AjjL&j 4 »t ac. AJ^I i X 3.23 JiAfl 
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Process options 



uj| jUi 2.5.23 



4_iLa*Jl jLua.V jIjjc-VI tjJ*J lAii.1 i_±aj 1.1a. “LoIa -Lalij ilx^u lilliA 

I^^Aj ‘Ajjlij 4 -s m 'I jl L£)La, l^aS ^^■s“n.uill A jUc. J!)la. 

j^s jl O-llLa Ll>La, jl 44^}^. L^ila. A£-jJyaj - ^ : -.j3' a ^ 

^aj]l 4-loj ^al A ll-sll ^r"n3l j 

I La jl nc. I (jSusJ Aalia^a 4 3— »M 4^tijVI 4-l^.lj ^ya Lot .((j_j£uoJI J^iLa. 



4 4-1j1~s'I CjUkJI ^^3'° * 

4“l£^>2kJI oJjLq L!)La. • 

4^<JjJ^. 4_ljalC.lJ ^Jajallt ^Ic -lliij • 

4|»!>LgJlj A i-i?i\.a L£)la. • 

4tLjaC-^/l ® 

4^)j-laJI • 



4^- jjill • 



^ya -li-laJI A ) . .nLa ^A J ^la Cll3j (_jc. jaJI j ^ la 4 ^j3j (JL-afijl (j! 

<iLal 1 ^j 3 jill (jjMajaa Cjlj dlLjlaC- I^A 4. 1 .Ajjlfill ^j'3' 4 ^ 

. (_}j-aaia >‘in ^ liljV I j _jau]l Ja j^ui 

5> Jl tf 

J Sl^x-al! Ax 9.JI jl A»x9.JI A_i1ax£ CjUUc. JiiL jjl 

Ajt3^1l ^‘n'^aC. ^IjliLLail a^lc- (JjJaa-all (j-o A_iS] 6 ^)-qJjola1I 

AxS^I <Lc.jj-<a ^Uaj j] .AjjjaJI AjjLiiII Ajl-vll AjIsj Ajt3«JI j £*1^.! jll 

^Jj ^-aiS! Ja^j j)-a (J^ uj (_Jc-li>JI ^^9 Ja j^jjai ^)..U*‘l 6 jj-a SI^xaJI 

L_J y^J < t 1 Um* 1J La£ . (JlSij! cilLiA j)^fLi j)l _JJC- (j-a Jn.xdj 

(J Ajjj^JI aJj£]I j)-a lju*n CIjLia^j A-ijUill Ajjlkll ^ jl j-«JI 

^JJ A -^l.aJlj t^Ajjl^ill Ajjj^JI aJj£]| jjSjj %20-10) 

ftjLjj ^JJ ^ !ill Ax.^) j-Q j)-Q l^ljjjl cA-L^Ja J AjqlLqiLo ^\A“\ ) A_iLaC. 
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-lie. okA <illkl .aJj ^kll j^VIj 1 0 — 5 cJaIxj Li^jj^ 

Cj! ^^asl g .u^a*i <jl l ^ i^a j CjI^a^aII aJsIs ^jli sI-IxaII AxS-ill aj\a,c. ^I-i^iLaI 

Ljk^A ^Jlkll ^£VI ^ja^aII jV t^30 ^15 ^1 ^ iju^ a.a.iVijaa 11 ^l.?k.?k' V 1 

£-1j ,1jc- iillkjj cA A^k-k <ja %30 JjlxJ LaJ ^kj Jajaijj ^Ha 

^^1] jl! j ^)a^»a 1I s-iLLal ^li^. Li^J^jJj IkA -II-^Jja ^Aill 

. ^)a^a1I <^a %100 A , ua*n 



A j\aC- (Jx^j ^kll wa'vll jiaxj AjjLiil! Aj ^ \~\W djlalxAll £-^)I^a 

Lg-J-ll \ a \\ ^Adll (J-1 xa 3 .l^kxo I^)aI O^aIuiaII Ac-^^aII ^alisij ^\ J*> i 

0-lxl Ac-^^aI! *LLI i > i^j cdlkjj (. j)\ ^jVujjV I aSU. ^1 (Jjj-a jil ^La^la Ij3 j W*n 



La AjjI£ £^^3j o_jj)JraA ^jl Vj .o^)3jkA A jVflill okA ClAjjL-aliSl ClulS Ikj ^g-jail 

okA aJ j^iaII ^-^j^ll AjLoC- o^j3 s-IjjI (CjI-IxaII (JJaxJ idljlij 

A-Ljoj j UjUk3 jl tl-£J ^LikjiU CjISjjaII (Jjl3 ^ja AjJa^jlxA A_i1ax 1I okA cillkl 



.^IkjVI (jjWi ^ okaU 



Bioreactors Ajj^aJI ^pti^l 3.5.23 

£j! j^JI S jS ljIjL^Ij ljIjLlIII L^Lk 

Plant cells and hydrodynamic stress 

^a A-jjLiill LiLaJ! (jli t Ajj^ >a,1I CjUjI^IIj AjjUill L2}li*J! La-iic. 

^1 clg_i3 6 -Ij^.^aII oj^l ^g-uUJj J£^J cillk J^xj . ^)jj£j ^>j£l 

j! -lakxoll ^j-c ajI^II .^^ISlI A.ikll ^-a % 95 ^k^. ^jl L)^-^ 
Ujl-1*. A3-ll ^LaII l!^ Ia^jA ^3 ^A ^kl! cAjjLill! L£>LaJI 

gklkll <ilK‘WVl -1^. c > iumj l^iljAaJil Jj ^JjJjoj (Jc-lLoll ^ 

(jlSa .^£jLaJl (Jj^aall Akjoklla CIlqj A-jjg >a,H Cjljjl^]! cill^JA.VI jkjlk) 
^a ^^xjLail! Jxa^I! ^1 j^l! .ix a^iaII Ik ^ jj^k II JoUaII ^jl J jI-Ha]I ^l^>ll 
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(J^ ui I 1 g aj a t .n ' LlJsliI (_£^k.l Aj_jJ^. dl^C-lLa j)£] tdl^Lc-lLa]! jpa j>.^iq.all £• _jj]l 

Jj 4jjl_u]l L£>LiJI (. . iK'i j^.1 jaa A i>iq-s ‘ui jjSu] ~s 

^ih» ^ (jl AiiAaJII Clllau^l t<H l.lgJ liaLi. j .Ajllxll ijll^'WVI 

AjjjaJI Cj!)Lc.li-all ^2 l^JC-ljj I— al£ tJ£aij AJjS (_sA Aijliill AjjlaJI £^jl jaill 

(_£jl_iliSI J^L^. jpa I^A L$ -^J . cllUa^Lij B^jjaill Aj.jVsill 

. Ajjj^JI Cj^ale-lLall (jx ^jj]l lift ^l.~l-s"nnlj 4_ijLu3l <■" il Vn.all 



AjjliJI CjUka" jj £y* Ajjai. uj^lC'LLa 



Bioreactors for cell suspension 

^Lajj l^ic.1 jj ^sjj jl e jjt k-> 11 (cjlataiaull) l1l>Ij£j 3I j Ajjlii]| L^Lal] jS^aj 

.*U ia~>.all ^alJaj Cllli Clinic. liailj i AjjaA .all (_pal Clinic. lLa j^a (J£ 
^)Jajl (J-luball jxall dl^iclia ASlLiJal tCjlc.ls3 aJbaC-lj el jg -all j 

l^ya \j^)!\ Cj^lc-lLa AaLuI ^ft A .a j ~lV I aift jjj j^ (juiaa<a]l j .^^jlaJI jtaiqll 

* 

Aelita ^3 (jjLiLaJI jl g -s II jm'i d£lc.lLa]l a-lgJ . (— iLlml aJ*J lilijj 4 A3 jqA.all 

* 

^Jc. jl j 4<jjUiil L£>li2l j-o jj^ljlll ^5-lc.l ci-a^J (jl i^aj La£ ijJ-o^ill 

.AjjLillI AjjLvSI jj-all ^9 (j.iak.jujSV I Jliijlj ^1 jj-aVI j-a a.U'N djlij-al j-o 



Jc. (jj iWi\\ 4_LLi *Lj)g >^'1 CjUjISJI (jc- S^jIaII <9^*_a]I x> jj 

(Jj^JI ^Jsijl) Ig-l&L^J j£^aj V ^^lill dlUj^)i]l (j>ny \ cilliA jl ^)JC. .ClAjlliJI L£)l^. 

.(4.23 



(JjIjjoj ^..ijutali 



jj£ljj 4_jjliill AjjliJI ClilaLt-<JI dlLaij 

La L2 Ll 3 A*ijj-a jj£ljj I^jSJ $<Liijliill 



ajj^I o^tssil jx jl <jliaU I^a j .(Pseudoplastic) 

^l-l*j| Ljajl ^^iLu j -li^. (jSjulj j>a-a -Asu cJaiLaJI j)C« I Jjxj 

^j>»ci-v \ ^ LLl -v \ A Juijj (J^l j-c CIjL^Ij^ o-1xj ^Lilll Jill » jj> »1^VI 



?.Ll^.l Ajl£-aLj i Af\ >. ti^LilL ^ g n/:\l Jjl j-u2] II ^ j-dl diLix^a ciliLajj ccillil^VI 
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. diljlii]! La^Li. J£j1j (JjIsj i . n«i u ij& On £_aalai]l 



lj5~)J'' ■a" l— ll-ldV I dll j 4. iujjJJ JjJ>-a]l (J jj-tll (Jc.lLa]l (jlSLj 
a-i ^ys o-llLa o_jkl ^ J elj^JI LS^" dl& dl^J-a ^JliS (_£.i]l _J& i^^lc.1 

. i-4K~dVI J£l_da l_lljj^l 



AjcLUauaj AiajaJI sSAa A.-aJo'l JaI qa Aj jja. d^lc-lLa 



Bioreactors for artificially immobilised systems 

(jxjjJ lillj (jV JLUSj (j-a dllilliSI Ll 2 ld ^llil jjidi (j^-aJ 

^y> I g | t .-i4 <] jg m Jj AiLdl . <_£ jl'S \l (_jAiLa!illj (Jjl^xall a jSi Jll^d ',.n l^liLaav 

j-a 4_lilc- dlV -Ix-aJ dladd Juijjj 4 1’l^ll JUddl ojlc-l 4dliLal j ti^jjJI 

^ 1*^11 aJIji ^jjc- 



S^^aJ^iaII j dljld]| AjaVI Aa«A^1Loia]I Aj^-) 2*J1 d^C-lLa]! (jl ( < jSaj 

jl iAj^a jj^a^)A SAaC-I jl Aij)^ a A-iC-jl IaI dll \x ^ a jl ^a^Ia L_lld^. 

JjJI JjU 1 g \)aIj l-Ujoijj AjI Vj » (Jiuu> ^>*-3 jl fji jA Ax x^>a dli d!)Lc.LaA 

.J jVI jlil^VI <^A Ai j^aII A-ic. jVI dli Ajjj^JI d!>lc.liAll ^jli cJjaVI 

A-tf-ula Aij^Jl SdLd A-olaji J^l (j-a Ajjja d^lc-lLa 



Bioreactors for natural immobilized systems 



Igi j£j A^^j^J! 6.1), 4 a 11 A a)ViV1 (j£* g.1 x^iC»Vl £-^)I^a ^ aJViI c. <i 1*1 Vi 

l^jli Ai j^aII Ajj)i^..ll d!>lc.liAll ( 1 .1^ A aJVia did ^a Aj ^£a 

. ~ l*> -v ^ 1 1 A I 1 Mull 



.o^)j)^a 11 ^ ^ C-5^ d^lll a ^jj 

t cill^jak' V 1 ^ja A ja^a ( ^A Aj yx-ulll 6^A Uildl! ^jl ^ja ^C-^)]Ijj 

A-^-dl Jl tJa^ldll aJ^joiI^j ^JaVill Ada^)C. Ifr t aflj Jjd>JI (jl Vj 
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^)j»ia]L < 1 £-ula 3 ! ^jj .o^jLaLc ^yc* aLaialL A^-nd 

ClL^lc-lLd] J1 a^\ ^IdaLoaVI ci^ £y* dlli] . dia cJSjolj jAia.\ Aldlj ALaVn ^Luj fj\ 
A jLc- U .&JA ^ilxliSI Jalaj ^j-o ^> 3 jj ' U -0 

(j-ft jj^JI Jlitfl J^iaali! (j^ala ^Laja 

. 4 Q \ '& l" \\ 9 iN-v'l (J^joli! J-dllL I JLU (j| JJ,wH (jfLoJ Ig - 1 *_J AjI dn*\ 



{jc. AaLj aIij AjjjcuJI jjjal! j-d 5 _ijI£-c] ^jjWi 

AalaJ jl c(10 |im-0.01 ta^LslI " > AjjIijJ*! Cjilc-lLo ^1 -I^JjujI 

A^Ldall 4-J^Vl ^dfc .(5mm-l 6$jidi]l ^*aa) JaffilL J t(100|im -10 

aLLoi AiLla .^a^] dlL j iJajuj^ll j LilaSI (jjj ^jLt]! Ji-jj] JjJaSl Clll^La Aalaj]! j 
.£jail j (jUaj ^Ic. jJjlaiU (JjJaal l£lil JajlilSI A_nSJ Ld . jj«la]l ^^ic. Jjjl 



AdaVI AjLqC . j Ac.^)^-a l.jJa ; )l CjLajl^p Cli-lij da] 

<LajLaa ^^A ^J^)ill oLa .AjjJal! djilc.lL2l A-luUa JJC- Lila, ^JA AIuLI! 
^jjc, d )\ Vnx> j^)SJ u' i^^all 1^ x>a^)ju ^la I^jL^iill jl^aiU 

C5^j ^LaJ . L—Uu-a _ja\ ^A lg-J Ac^^-all ^ AjLc. (jl La£ $Aj^C«^)-a 

jV ^-aJjauJI dL^alill ^JJ AalaJ d u*n\ ^A j (Jj!LqLi]I Jal (j-a £ j)d*dl 

^LjV ^aL CJ^jISj Jjjkaj dll . (jiaiada Lm (jjj (Jdjdll J^*-a 

^^Jaj L>° ^La.^)-a _J^jl AjjI« 1 j Lilaj ^jqL'l Jila. ^-uj! j (^LLj ^ 5 -L' 

£a 500 4ju*u djli 

.^)l^-j]lj JJ]I ^jj-aLl (JaWI IA-1 jj^j 



<LmU <1^,1 jjjJaJ 
V* 



A \ \ Af- \ W \ 4 



(_5 jAubo L5 ic- djLLull jjldj jUal 

^ftladXQ Jl£dl) iluiia LiLi 



XUU * 1 . 1 ^' JJJ^aj ~\- 1 IrfQW JJJU b ^ JJJJ 

^ c^ C ’ ®^)*^L]I LilaJI 6 ^)JXj-a 

il^_uj Ijdd 4 _iLix]I oLa c _ lU-nTi .^aLiiAVL 6 ^)J^a (_^jal ^ jLc. ^c**il \\W AjjoiJ jj. 

0 j\_J| ^aJaajll A_i3 (. ^ in-s j dL^)aj ^aUajj t^naSI J^Lj (Jal Jajoi jll ClaL j£- 

* J J*^ lL-L-o ^aJ tiaj^jjaJ! &La ^yfla*.\l .dlldilaVI d 
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AilaC- W Li •' kkl. a :IjLuu '''Vj'' 1 " paijll :2 kliA A : 4.23 JiaUI 

^ jjju : 11 uj j 2 l . C. roseus o^J^JJ cr** Aiiuiljj jj. .nil «-\YI 

(jLjai Jj*js up SAjjiaJI 4 HSJI JjSjj iCx :^HLa]| iJm ..jfl a-<.*<H fi.nu ^aliaj ^Hil 
‘ J-v'a'I jj-v , ,.<VI Jj£jj .DO tjcliall lU ,V tAjjiil Jliijl J^bua ,kl 3 (t-jlauCI) 

jrUul Jjta iQp iAiljVI SiLall j^jj . C S SAja 4 AajULSI iCililSli ji£jj . DGM 

w (jju "j" aail ^llil Jjxa iRp qjumAo^] 



Mathematical modeling 



‘LwaLjfl A^v-IaUI 4 . 5.23 



j).a-s'lll C'll 4-ijlaC. ^cLai jljfrj 4-al*JI h.all A-uialla CllaJ -lal 

(jjjWi 1 .>>jl (jS^us ill* CitjUil! Li2l^, ^1 ajjoliSIjj .(jjjLuill j ciilliilt (J.^>q\l 



ll2UJI filial jl ^aij 4 aU'i .-.II a J. W aill w uall . ^i"\ 11 (_pa* J JLaSS W jj jl . 4_2.j!ill 

> ^ 

(j> la j ^ lg,A.u.u‘i A-IjIS-qY tilli j c^LiuiaJL ikjj (jl ^ ^lill <JjUill 

cilli j iAjt^JllI j^j .luu . 1 ^. ^1 Cj 1 jU]I L 2 Li. dilj jfLa jj»Ti . djlac-LCauill 

Igjl Cilia. ;4jjCij Cil-sTi-a^ jCj-suall (jjjilj ^^Ic. ojCall i.^l'i.ai 



jliJI ^ _jjj£2l j-l^aul! clij cic. C'll VTi,a\l oj& ij]2l g'n.ill 



^y> (J£ i k^aj ^aJJ (jl . _ '-sj 4 jjlii 3 l 4_j j;I~n || <C.jj^ 2 l CljjH..a».lu.>il p.h» a ^J 3 

> 

Ijjjjii. 4 jjaaJI ^JliSJI ^..i'a'.’i C~n^> i -AlxsUaj ^jLaj ^ J jaj]I Cilj\.aC. 
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ciA ^ic. (_^ill) ^jj^^illl 



6^.1 jit 4 jl3^1Lj <.** \\ jl^C. J,g ]Vi idiVLaJI (j* ^ 

<. ^ iUVn cIjLaU’u.u^II JaaVI J^juJIj a jLq* 11 (Jjjg xiiA cilljj 

(JSjolII c2 JraJ^.^^.11 lg_J 4-usal^JI ^oLaj]l (J^.I^a3I ^jjLoj 



^4.23 



^3 . LgLgj (. flVi-sj £jJa ul^ Aj^jljoJI ^ ^ > ■ Wi ^9 Lai 

^3 l2)Lkj c c_fl^)ia Sic. ^xmVu L£}Lk lU^L^JI q *a £-1 ^jl Aj^Ij c^JLiA ^)j.l^JI &L& 

jjcl! ClllL^alj-a L£)LaJI aAA £J-a^. . ^t.»Vn V fi^)jLaJ-a Ij^L^j A Will 4_IL^. 

JL&I (J-lx-a CIiV^Llaj Aj^pLo LSj^ ^ Lg-x.^ cUUnl! l_l^jj 4.1^2 j-aj 

(j-o Vaj ^_5 J)t>.i.*a ^Jl I.AA ^gVn tillijj . ^>^.1 ^-5] £-°L^»-a (j-° L^-^JI 

.4 q\» a\\ 4jjL^]I l£UJI j ^ajjl^)^JI ^ L5^ t3f^° La£ cjj^aljxc ^A j-<ij 

<jjjj5lH ±UJ&\ <^jIjj (jjfrAu&hl AjjIaII uxuui) ( jl^> AilaS : 10.23 JjAaJI 
J'J^' (jjj-^'j 0 Jj* ij^-aJt j ^jjaa!\ <_$ jjaJI JcLLJ) i>i <j£l ^Jlxll jjJall 
J'jf!' c3JJ^' CSJi*^ JcIsaSI 



co 2 


o 2 


co 2 


0 2 




(%^/^) 


(%fWc^) 


(%^/f^) 


(%^W<^) 




0.03 


21 


0.03 


21 


^xj 










3'C. 


11 


13 


0.7 


20.3 





(_JJc.L^illl 



Process control 



AaiaxJI Jau^a 5.5.23 



4-alxll [5-lLuJI CjUUII ^ 4_iLu«J! 1i)i>i £jli 

. jjojUl \ g q . ^ij 
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^a (Jj ASldl i ^)l_i*_<<i ^\ <. a! ;;;^i j-a 

jj£j jjj (. j J^^JI dla 4 _iLi*JI j-<a J jVI <I^,^JI ^9 iS J k ^ 4_i^.lijl 
jl . (jj> k »>^V ' (JlSijl _^^a ^jojL^JI Jjx 2I Lol .(. JjaaII j& Ajjj'sll a 

(Jjjl-oj c^jJjoJI ci^dll I^^A t Jc.1 ^ J] UJ> »»^V' (Jlaiijl j-o ajjj Jll dJldVI 
aldVI ^-l^j <jl VI . (jj> wi^yij l. U^vsxt jliu Ajj^lJI jl ^ij^JI £.I^JI ^LjJa 
jj£j]|j c-I^JI £c-d (Ja*-o Jjj Jdll i^jk^W ciL^dll A. c. ^yji Jl 4 A_i1a*JI la.ida 

• Ajjglill £.IjjI jliJI ^ j.Ai.n^l jj^ wi^OU ^j^aSVI 

C_j£^JI ^Ijjj Ai^.^)-o lP^ ^-ujlaJI J-IxaI! ajad ^A c^Ua j-o L-.lx.x^aV I j 
t^ldVI jjflVi a Jc. ^^a l^jja <■ . i» Vi Jill cJ-cl^^JI j-a aja*]l cilLi^a . aj>ddll 
(j^a ) ^a 6(_£^)^l dlj£^)-a jj^Jj ^j^J^Jll ajjai£jl ^jljj jj^yj^V I jj£l j£ 

jj£jj $ jjl J*JI jj^Jj $Aj jliJI dal AqLiAAi^SI j-a cAij^a-a ^ic. jla^VI 

.AjjUj uldj^-o j dlj^ojjA 

Scale - up jrUWI SaLj 6.5.23 

Jaj jA (_£ jjj'sll (Jc-ldll ^a Aalx2l A j\a! 1 ^Uaj (jl tAu^J Jaj Ag_y J (j-° 

(jl .JaJjJallj Ajj^lillj ^ j2l (J^joj AjI Lg (Llluij Adldl i^lla j C(JjJas2l ^lijVI 

(^ill jl j^JI (j^)j*^3! j& AjjIJI a jlAll AujJa ^a Sale- ^aVnti^ll ' J ju*s\l (Jc-lLoll" 
^ jxJlj t^juoai^JI (J£joJI£ i^^.l _JI (j-<» Lujj Aa jqA ^\l 4_ic.jVI (jc. c..A.l.id 

iaLdj . ^rV^ll (JjSjjjJ j jdll Ja ^ d j^jS dlS j^)S dla^.j Jl Ia^ ; ^jJIj 

dlj_^-o ^a <x-ald S^)jj-saj Aaj>q*s^ll a_ac. jVI jc. jl j^JI (j^jjall <. ctilla Jj 

(J£joiJj Ldjl Jllj dlj J^^ll ©aA (jl jl^- (_^9 c( 1 0.23 (JjaJlj (_^jliJI jjall 

i_jjLd jlajl c > a-vj tillal .4_a ^a^jjaiAll (j^lc.VI Slal t jl j^JI jjjall 3 JIa. J 

j* 3^^ (Jc. tiUaj 4j£-<iA cla j ^)dl J Ljj^^ <ijljl 4 jl-s\l filial Jaj 

.^jLdll dVlc.li2l j-G L_bj_i2l ^ _JI ^alaVnulj 

I g u^'il tilla j t^lijyi SaUj a K 3^ S^^Llq dlaLaijij j-G tilliA (jJ 
JjllA Jax-g (jc ajjjjai Jj^jdll <c .^) joi jj cjl!l2l (Jjauj (Jc- ^<1^.1 ad Jul dLJI 



928 



tlJ V lillil . 4 -ijLiill ^' 1 “' jijlj lg- 1.2 (j J^J ji j£-aJ 

. (J£Lua-a]l o ^A i_)^ “^slida dL jli-a 11.23 J j .laJI ( . dLi^jdllj ^Idlt j-a 



SjLJ Jll> : 11.23 JjaaJI 


UaJI j ^jUJI 


.1 




.2 


^Uaill j^y±^\ 3j>»jqV‘i AjjILq 


.3 


^aUaill Jdkj j 1 (JjW*1 


.4 


AjjjjLujV 1 4_iui 


.5 


^JjoiLujV 1 ^jl 


.6 



(jV tl Its II j <]jl ~n. Ida 'In •si _jA ^IdVI o-iljj ‘i<a j«a *■ OgH jl 

4 aK'l J^aLj 12a j t^vs >^i\l !_g j.ua.a.11 dll j dLlLutJI 4_ill -dLsJI c-lii ^ j Vi - n 1 dlj 

( 3 -a jld-o ii£-l 3 al ^glc. 11.23 (JjdJI (_j 3 6 j 5 J t 4 (^jl^Ia -ld*j .Id 

dllLaC- a ^3 LJLa. 1 g ’ic. jjja-a _jA t-M jii£l ■d.W’na.all AjIVI (jfr dLo_jl*»a]l 

(JjlaJj J 1 . - nWill Jc-l j2 (jjj ^-a-sll -La«.!-La jj£VI (j-a tilli] .Ajjllill “LijAiJI <jli!i]l 

ddj ^^Juu ^IdVI (j-'i^V'i £-a ^Uajll Jjldj AjjULo 3] .^IjiVI (»l hill 

3-a jl t-Lljlaj 4 J » ^-ljl ^Ic. lilljj t >-41 (3 jUm-all ^Ic. 4c.^uA3 a-llLall 4_lJVI 

.■‘Lajlill 4 jLo 3 l 1 I ^3 j^ld 



^ic. jljlC-V! A jl-aC. ^9 (Jjt^>q lllj I g "n 11I jJ jSL&J A£.jjjiU o-llLajl aj)]n^ II ad 

l_g ju»i<a,ll j^Ic. dll ] 1 1 >i*s'l jJ_^iall (j-a I Tl^-a'l -dil j ).2l aj 1A iJlLaS . ^)*_ j— a-a (j j-U-i-a 



Feasibility 



4-^lj-iil (jjoki 7.5.23 



L * >1 l\o 1 n ajjLiJI Ajlakll <- 

^ (3 -0 ftlSUI ^nVi ^A liA 4 j ^»^kj La j .LpL-al^l ^La^q 



AjLIS 4_ujI^)^ 3 ^alxJI 4_^jdll (^jC. AjJaJSlluiA Q jj a I dl^lll ^aJ 
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tal/lc-l i La£ _jaill^ j_nl^.^)a]l dl j AujULall jj 

.A-ljuall dluliill AjUul Auc-1 n«nll A ;\.a» \1 ju£l AjlxUI j ^ juLall ~j ^ 

jila ja Ajjj*sll A V'^lt ^1 AVnul ojlc-j j-a>>l7i Aaliaa (_£^>i.l Ajjliia jl V] 

. Ldjl I g 3 13 Vi j£aall j a L£UJI j a ^rVuill jt/ Lia'V uaall jl juidill 

: ; -.>>i"l ^^uH iJ-ldVI AuLaC. dluaiil jiail Adslia ~j ■ u ^^ii lau3 

ta.ia.lj ajal Aujj^> II A I'l^ll ^l,lV'u>il £a tAjt3Jl]l AuLaC. • 
i£a a j ■«"'.. i .a 11 A_d j a ja"i..all dULaxll • 
ildlali guiall JpLlalj Aujuall A 1'i^U jj£ia ^l.lVuul 
(Jata Jlila. ja di'all (Jjl/Lial j A-Jjuall A_L&11 j^)£aa ^IaWiI 

ta-iiia lilall 

I j-s. adiLall ^ ^ H A W I \ jl-liial - 

alia AaJLxaj tA_dl)UI dlallxdl jl tluft Ajic. dAuuil ^ )•% 1 laaj 

. I llA A aKlt (_jl mi’s Aiaj dja JJC. AjLaUUI (_£ jill j diLdall 

Estimation of costs 4il£ll jjjii 

AilKlI -111 Vi 1 Ajial£ U jlsjjl ^aJ ^^ull Aujjlull a'~ l\ iWu.i.all ja C ll Vila II jl 

OLWU^'j j J . »ul l. a aVI :<d 

tULi&j 4(_jaJajll dLli dLaljJ) ja .li-Axl Ic. jaiaja jn.ijIja^VI jlS dl 

i (jjjLljl jjISJI Adj £-jlja jd d lULu ja jliieVU ajjJta. AuaS 

.U jld^l ^ jio.JLaa.5U Ua’dl 3 Aujlvll Catharanthus roseus 



Adalujl t"mVi i"n% t(_}ajUI 1<igJ ^juud-l ^Ul ^lull t. <a.Ag II j& jjjuj^nll j 

. A-IjIA \\ jl jail ^3 Aullc. aj j-ai! 

300 Jala ^l^>c- jL£ 3000 £tuia A aAA AiKlI dljjAai d^ja. 

^lajluiVI dl jjldill ^cuiall ja %20 Aid £-a tAioill ^ 

. 4 : qv;\ \ 



930 



Growth and production media 



j jajl 1) JaLui ji 



jA %3 (3 -0 UJ^' <al£ ja^a (jj 

^jaj cjLuia. (_£Ai Iaa <(50 € m- 3 ) ^ jja J£1 € 50 

€ m- J ) l \x ^a j!Lc J£J € 800 ^Ijj 4-j)-3 aJac. ^3 j£^a 3I Jaxu jJI 

jIxjoiI (jV <43 j3J jjc. Iaa. CjIjjASj IAjLjc.1 L-JL 2kJ ClAjLnl! &AA <jl ^)JC. .(800 

4_lo£J!j S jtaj]! ^^ic- 6j;u£ Ajjoujj aaIxj La I^)jj£ lg K.A m ^Lloj£JI jI jaII 

( ^A jj <al^ll VK/> l_j£^)a ^ 3 jjoJI (jl ^iljJaj . Aj JaSI j 

.(J^joj^l! <al£ ^ja %30 ^)Aa-^a Jaaj^ a^ C5^i 

Aj^jlLa ^."U^ia'I Jj£^)J L>qQ AjJj <^LajVI JaLujjl (jA AjAxJI ^3 

€ 75 %8 ^-1c« ^ j43kJ (_£a 3I ^’IdjVI "^ ,UJ J AilS ^Lj A) *3-^1 .JaxdjJ 

^jjIjIa CjLia£ ^ic« ^ jSv.i JaLujjV! a .(75 € m- 3 ) c i*^a ^ 1 a J£] 
4J^j3a ^JC. CIjV^^A ^3 jj (J^.1 (jA cilli J <dijj5U ^)Aa-^a£ (ajjj^aVI j 

^5^)11 l^-i3 £)j$*i Cj^Lc-lflAll ^ IaI .^ n> jjAj^JI aS^jII ^ 

.lailaA djjjVI ^Ax-aa ^3jj (Jj (Aijj V AjSjII lAA (j\3 tUaju^iA 

Biomass concentration 4J2SII j3 

(jjj Ia (jU^V! l_i1c.I ^3 Sjlj^JI (JjIjaII ^gk <jjj^JI Jj£jj Jx-^j 

J jj& .(15-20 kg m" 3 DW) jia J£1 iiU Ujj Llj& ji£ 20-15 

(120 kg m 3 ) i . i»5 < i j!La (J5J Laljc-jL^ 120 (Jk-m 4jjiiJI kaliiSJI 

jj£ljj (_£.2 J_f)g lillj ^^all (_J£Luua Ijiii (_^3 ^ (_g3 

•(40 kg m 3 ) w5 < i jiLo (JSJ La! 40 j>« ^^Icl ■^4i^ 



kjjlxli ^ jl j-4l (ji (jjjjUjjJ) jS jy^JlAa.S?! ^Hil 

Ajmalicin or berberine production in cell cultures 
Growth and production parameters jaIIIj 



\ a^m J;ul*-a Ajt-i jl A.J^j..;! filial] j Cjl ^ ' V '-.J 

^C. jj\\ (J.;^ .'.Vi j t ^ l ^< aV I ^c. jj]l j^ull Jit* j i(_Jjik4l :SA«A1 
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jj^UaiLa.^L/ I frlSijl cCjLLjijJI bLa JuAjj (J^l (jxj .,_ s J-a2Vt Ajjj^JI aJj£]| jj5jjj 
(jjj jj^i jj jjjiUii! jjISJI Ajjj ^ jl_^a cr^ (_$ ill a_iaaL/I 

c 5 ^' i-jSj^II ja j jjjjjjjJI j tAjjiiJI Catharanthus roseus 



Coptis japonica IZpjvj?- ^4 £ J.> ^ jVI 

L jjijjLa ^ jjj£±!l!i Alij jjtti LaS .(7 g 1 ) jjjI JSJ CjLoI jc. 7 cjiL ^gjll 

l*i ^ jjij AjjkJI At jjJI Vila Thalictrum minus 

jjjlx-a (12.23 tjj-l^ AilSlI CjLLbi^. ^3 aVi.h' . Liiaaj ^jJj-a (_£ jliaxaj A-^lijj 



jaaajaLI ILa ^3 ojSjJjLI l_jj^ 1I >- jajaa ^1 AVualj Aj ^ii2l Ax. jj-ajl j-a Ia jLVll ^aj 



j sja! AjjjaJI AJaSJl Jic. ^HSV! 

production process based on single use of biomass 

A 

dllL dlLLc-lLa Aiaaluj (j-a V— &]ja]I jj-aVllI jLL»3 ^ AjjJjsJI AliSJI 
.lljj (.' n*s i (j;u2Lai.V I ^LjjJ Al^.^a i_j^l (j-a ^iLa£ i_La*j oJjljlLa ~N -J 

Ae.jj-a]l j-aj (jj£L (jl .3*J ^LijL/l AjLaC. l-ljj .^sLja! J5 *'j A-jj^ll aJjSJI jjSijj 
AjLaC. C. fOSCUS (_yi JUJ JJ (jjjLlil jjtSJI Ajjj “ULa., Iaj .39 

jla t (jjjjj jj 2I ^Liil aJI^. Lai . Lajj 21 Quail a-sL/l (j-# Q^jj <j, >^l ^tijj 
J.ik2Jj lilli j t<Ljaiuii! ^ Coptis japonica ISpjjj^. j>» 

Qa .ia.1 j j » jj jliicLj *. La jj 14 «-la4l dia j jiljj .ol-ix-a]! Aji9.i1! a jl.«c. Cjl?.l^>a.l 

(J». uli (^Lll Cj9j 1I lillLj ^ u ^il 33 (jj£L tAaLa ojl&lj A aj3»’'j t(Jc.LLall i IjliYl (Ja.1 

. A.'u .7 ^3 'ij-a 20 jA >'»" ill CjIj^ 33Cj ‘LajJ 15 (Jc-liall A_i3 

IjlUH ^uloll JpUal j jli. f ILlIuI j»llaj ^ ^UjVI 

Production in a cell retention system with spontaneous 
product release 

^3 jlj&VI Aij^^a jX^a AjjLLall JaIs jA AaLaxJI oLa ^3 (JjLfl jjiall 

* 

^j-C Ajjlj.^k B 4 Y&\\ ij .6^.1 J A Y&W 4_lLox_ll 
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£y» jl j jjVI J&lLai! J Thalictrum minus ^ jjL, ^ 

j^j Jfi. Jajoijll <J 3 *J (jjaajS ^tuVI jjla J Lai .AjjJaJI dj])lc.liu 



IaAjlj . ALa Ajjj*sll A j ,Wnm.a]t 1— , . Jl i j-> m Jl dlSjll jaSJ ^3 j (Jju<alj!Lo 
J IliUl i_ya^L^l LojV I (Jvla. j-a Lai t 'gTi * .aII JLaxu j j)A JTl-all w ua^ V'l > .J j^AJ 
^I.^Vnulj ( _ya\ ks-iaS^\ jpa jl ^JjjdutJI CjIjj3a]I j)A AilljJ jl ^ j j>^-iC. 

Jl idja.'u.'.a.II 4od ojjjjll ^3 . AlLaJtil oSqS j<-n.n , *v.all 3 ja*JI ^^3 i—boiliall jaIjjII 
4_1a£ j]j!i £a Ia.}1 jj (_g^l Ijj 3 (Jc.lLall j)A AjjiA 11 A \'&\\ j)A jJ^I £ jJI JlJia 

.aJCA\ a jj.il] JLaSi jjSal Jsl£ 



SiiLs Ijtkll Jxaj ^uloll JpUa) *-a j jii. g.U / uj 1 ^llaj ^HIVI 

Production in a cell retention system with product release by 
permeabilisation 

J jib Jjj jll Th. minus ,_>jL« ^ ,jjj£JLj j* <_J*3l J& 

^Ljl 33 C. roseus (_yj^jj JjLSJI j-a jJjalLaJ/l jpllal (jli t jJ JJJ Jjjll 

,1)iA jilaal! (JAia Jljj JVnJ lilljj (A! o3ila JJ1I A Jll (_J»j A*33 

.Dimethylsuphoxide (DMSO) 



. Jlill -'j' Jlall Jillal A Jr. La£ A . a ^ jA AllaxJ! ^3 ij jV I JjUl 

^Uaill lAA ^3 4-iA^II A \\“\W .6-liLo 4 jl'sll 4_i3 (Jar Vi jA jjkVI j_^UIj 

%10 J jAlixuJj _Lluj ^11 c — iu-aj (. J^fc m Ia« 1*J t^jjJC-Luj oiu] JjujJ jLl 

— II (j-G Cb 6 £^l DMSO 

aLqj) AijSJ 20 SAaI -IstJj .%5 I AjjI j-g -lajoi _^II ^3 DMSO 

Jajjj^JI c. i*s >aj ^alL ^aJ c j^utn J Ajjj^JI A \\^W ^Ijj c" t V I 

(jjjolll I <11 j] ^j-G ^ ('^^1 UJ j) °/° 8 J 4 JI Ailujl J 

c^V' jAi-a ~ja'“i IgjL ^aj tAjIjA Cjlili a3A (Jj i n» II AjLaC- jlj^J J '•> ; Ajli tiLal£ 
AijISa] j3Sj .AlAa. jA l3ij jl dll «. 1 J^Ll I ' jjS-o-J ii.VlC- j t3j3a. ^liil JaA jl 
• dlljA d.l.A.1 lAjJj3!i ajlc-l lilli 3 a1j 4a3iiA AiiLiill LliLaJI (Jx3k 1^-3 Jl jll CjIjaII 
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CiLLwta 4-a.^ru.u.aH 4ul®xll jjjbus : 12.23 Jj-taJI 

4il£ 

jfrjiiS j£j £ jjjIxaJI f±»4 <aj AjLudl 

(€kg') 

Ajmalicine 

liU. lijj JS] ^Ijc. 9 : AjaUuI 

^jj 21 = ojjs 

JS1 j.1 jc. jLS 40 uiLaJI oJ^' 



1500 



L. UOwQ J_LQ 

(40 kg m" 3 ) 

•.[jC - jill Jjjui 

a^UI ^ 0.029 



o^yal A jj-la. ]' A 4 ' A "> , 1 

SA^.1 j 

(Single use of 
biomass) 



(r WH 7 : 1 

I i-iLaJI Ojjll 
(2.5 kg m 3 ) 

^ ^\j£- jli£ JSLl 24 lAj'vl’nl 



k t~- l ■ ■ \W 



3300 



4300 



(20 kgm’ 3 ) 

: jjSjlill t-ilaJ flLfr 

(0.65 C-mol/C-mof 1 ) 

: jjSjlill *1141 
(0.0083 C-mol/C-mol h’ 1 ) 

=tAjVl (jUll OJjll 
(9 g kg' 1 DW) 

^ajJ 21 £-lf} ^ tijj Sja3 .1*4 

(JUJI 

(20 kgm' 3 ) 

yjaouiSSf) ill 

(0.0154 kmol m' 3 h' 1 ) 



l jjlfllj (Jj5Uaj 

(Spontaneous release 
of biproduct) 



oAila L5L=JI 

(Forced release by 
permeabilisation) 
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Ojj (20 kg m" 3 ) ^ 



320 



670 



750 



535 



: tAjV! 

(8 kg m' 3 ) 

(55 kg m' 3 ) 



(0.07kg kg' 1 DW) 

>*ill (>jil 

?_* 14 

4jjjaJI 4jj£jl jm JfrlLa 

uiUJI oJ^' 

(1.25 kg m" 3 ) 

OJjll 

(40 kg m" 3 ) 

(jjjjjjjjll ^Uj) 

uiUll £jjll 

(2.5 kg m- 3 ) 

(jLaJI £)Jjl! 

(20 kg m" 3 ) 



(0.07 kg kg’ 1 DW) 

fjj 18 j-Ull tjlill <>jl1 

' | -®M ojji' 



(0.5 ill 3 ) gj (10 g m" 3 ) 

jlx> (J£l dllllaJI ^ jJjalllSil k - \\ \~\ (j-Q 
Jajajjll (ja (m 3 ) k- l*^ x > 



1 00 (20 kg m~ 3 ) 

e u 10 



Bererine 



o^yA AjjfUl ^J.)Vn J 



o-l^J . 



^Jlc. LjjUIj ^cI11a]I JpLLj 



^ic. Lijllli JpUaj 

jIlo 



A^^kJI o . ) )3 L£)L^. 
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4£ja2l SjjjjLa AjjjaJI VLi£lS jjilaJl 

Repeated use of immobilized biomasses 

(j^i (_£JjjjJa]l - ■*■ II (j jV ‘ *' 4<£^p2l 'iilLa LLli. .nl <U la. ^3 

(j .2 (jjj^>jJa]l lL llj (j»a ^a£l grVl.all j^a A m a A..\a£ ^Lul (jja Vll (_$ jj"\ II (JcLLall 

i_j31SJI bL^U (jill ^l^all li& LLUJI ^I.Wl 

Igjlj (_gA (jj-aUaill ^gh ^tUVI CjV^*-a (jl Lajl.1 (_jaljjaL/l £-a — LLliJI 4 '\iiTi 
^gh lillj ^gl J La 4 (j£Jj -Ljajl i—illall LaK jlii&VI (jy*-J LkLM 4, La£ . Lu jaj 

(jl . Lnu j]l j 4-jjj*^ II “LSj£Jll (j)JJ (J^aall LJ jig »>i 4. . 'iln'l jj^aSl dl3j jya A jl-a» 11 

* 

•L^jLLo aIK ^iLVj A-xiallll o^J -lili (jl (j^u-aJ ^^ill (jjjoJLaV^ I 4."il jl.aC^ 

.a^>sJI LUVJI jya ^r"l 1 ,all ^lalill (jLLLYI ^Uau ^lliVI 4 jl.a»l 

Results of cost estimates AilsJI cj| jj.& gLUj 

jpa A_jLs 4^12.23 (Jj.laJI) 4_lla*A] a Clll^)' ;VI 5jjlLa (j2 
S^\ Ajs> J jl\ jA 4 jl3.2I A jl-aC- a-laalj aj2i AjjJ*v1I “LSjSLII ^I.Wl (jl 
.4jt3.2l clil j\x>g^ j^a <il£ J6.) ls A a jAliaLa]l Cj\ ;l-a»ll (jl LuLljl V ^gk (jJJJ -iaa 
_jA (jill 4 a jV...iJI CjlaLaxll ^gZ j2La]l (JiiVl Ajjj'sll A I’l^ll jjajj ILa 
(j C. Vu-21 ^_k- (_j jiaaj (jill JjLuiII j^lall (Jj-a»3 (j-a (jSualdl (_Ja,V 
Alifill jjfijj] ^;Lm1I jjj 12I (jxjjVixill 4jjjaJI aJjSJI ^1,1 Vn.il ajlcl (j*j ^2 •i_3 J >' a ^ 
4_aALuixi Jaas i.^IlVi 4(JjlVlll VlLlLaC. ^ AjjjaJI AJtiSJI <al£ j)V 4(_paiVl2l AjjaaJI 

. 4 — a ^WII v- j-aa-a (j^a a 



^3 jl 2'n i Aj I 4 <u]l£j ^gjh AjjLall A K Li xi II ^)A (j-a 4^3l_jll 

C5^l ^-L-21 (_sLll 4^liaj]l <Ja.Lljj jLaiiluiVI -Lie- JiaJ . iJljl j 1 g -sMI 

^ f ^ ^ J 

I CIj! j Ajl^a 11 .(kg m day ) ^ 

^j-c A«uj3LLg A jlx>3t 11 (Jar ~nj <■** n^s \ iAjL^±^\ ^jaai.Vi dJliA Ja&3 

^jl iVi j diljLiJ Aj^jlLdl ^jj .CjLiIaxJI 
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(jl 4_iLa*JI Jajjdj jaLaij^M jnaVil ‘Lidlajll jjj| ^LlSI ^l.lVn J 

. A_lLa*JI I kKj A_ia.tliVI 4»alA dll nm Vi |J*allj 



Conclusions 



ouilu-vi 8.5.23 



; v\ >>i (jjiiaus {_ 3 1 j J-Ti~i 1 1 ALIS dil lUc^ < ^A Aiildll ^jl_>^l Ljj 

•s II lAjJ_^laj dll j\a» II jpa JaS3 (Jjiall (jl V) . ^C-ld^all ^liiiVI j)^ 

c~~ i\ j\x\» \l Lot .Ajjlaliil A-iaA^I dll 3 AallaJI Ajjlli]l dlljjl aj^ll ^Ijjl (Jai (j^ 

1 ,31 UU .ajiljjall ^tliVI (j}^>]a (jdlli 1.1a. Adaiaxa I g'n-sljuli t(j^>aVI 

(JLall id >'.j a.lla^a dll VTuill In r a (Jjljjjil dljl£ tjjls ^Jj]l 

. v— sl£ jjc. Ajjjall Ajlaill (J!ila jjx Id ^Ijjl ^Uau ^3 jl .an > > l>U jjjaajl 

^c-aljj (J!3a j-Q Adld dlaiia jg 3 -i‘uh d jxjl j)aa tA-ajlill djl y.'. ui.ll ^3 

(J.^i^ll ^)lail^ Lljja aJIxS dldjx -lla-jV ^ jj]l ^did SpliSlI AAili Ajb^jaJI 

.^jjlij (jlildl dlj A-ij.ll JJ jjVI _jal (_^i ^gYn i_a jjoi Lu jdc. ^jljJI 

(JjN/| jjja]| (J3d (JSVI j^lfr o-lLall ^ISij A nda] ^a-lSj Ajil nil AjjlaJI jljdli 

> c 

^IlSIj jl (_5^>^l ^lSjj (Jjlal j£-aJ ^Ui «lxJ 6£.lj«l]l A jl^C. j-o j-a 

J£Lolo Cllj.1^. ^ 1 Wjm I^A jj .6 j\"*v%<a\t ^lljVI AJL^)la I j^l j_^J jl j^-aJ 
J^b.JSUI j-a (. ^ u uLLall Jjjjill jjqVi ^^juoill J^Lk (j^a^xlJI <_5-^l 

.6j^Vl CjI jixJI paclitaxel 

aA± ^u^ax> jjjai^Ill <-qIa Sl.ll <JjJajVI A ajj.Vi^ SI J-fixJ c^jLijoJI IjlA 

^AjjJojVI Ajuj.Vig 11^ .AjjC.^JI AjjUill AjjLlqjSII Jl ^-all ^tij] J^l j-<a dlljliill 

^ -* c 

idlUjl£JI ^ AjjIdJI AjjlaJI ^jl_>a^ J dlljUill (j^ (J£ ^3 ^.iVuin j)l (j^-aJ 

lilA £-a j)^Jj .(Aj_jja. idlVjdi^ l^ill tt djIjLowi (JLajJ (jj^ia jjc. tAjjg-s^ll 
djLlLaC- ^3 Adadadll dll^jL>.aaSlj Ajj-laJI A3^>a-all j ya -^3^ C5"^ AaklaJI (_^ifi Ai£ 

. Ig .ajlVn A iqj^ j JJ^JI ^j'n^iMI 
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jj^jU A a ,Jjj 
>y w •» * 

4 j jjJil 4 La. jJ jjlllS 

.(j* .p, j»jSU 

4 j jjdl t Ua, ji ; jiSil] al\ 



Introduction 



4 -a.iLdl 1.24 



dl jia-all ^iddJ (Biotransformation) 3 J jLii 
jjc JJ (Substrate) jxJI Jjjdi] (Biocatalysts) 4jjjaJI 

4_ iUVi; 4iL*i 4 jLqC. j! 

JaLoajlj ^ jJaJI Jr* Jr* ^5^^ ^LcLuj Ijlidl 

.(1.24 J141I) (Bioreactor) Jcliall j Jc-Uill 



ike . yilo ejlcUafl ^ CiLajjjVI 4 jli£i dLjlxuSLJI 4 clda 4 LSLa. 

kc.Jy Ja^/Lal! ^ya 4jl LoS. . dl ghixill j 4jjJVIj 4£.ldJI dlcllaS ^^3 l.l).laj 

4jjJaJI dll jq-\ oil al.1 -s~n.il ^glc -lxu*j 4jjld dl ;lxic i—LlajJ olajL Lila. 4xuli 
(Fine <1:3.21 dLjl <nSll j 4dl jjxu] j2l 4c. Ida !4!la) (_£^a.l dVla-<s 

^ < jL 2 ^jiall ^ .((jji 1 4c jiixi dLjlxu£ j 44jcljjllj chemicals) 



3^]lj d^l •s xi \1 oi& <jjJaJI dl all ^l.'Vu.l Jj^nuxill 

3jjaJI jiqVill ^l*JI jjjLII 4oJja.jxdl 4jjjaJI (." 4 j\x>» \1 £-a <jl jj3b 4 j!i£l jJxxi 
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dLjLaaJl (j-o Iglpl ji.al 4jjULa iCljJiJI dLlLaxll (jl .CjLaAll 4c-l u«nil ^ 

<-l> Si ^—11 (_£AjJ C t^Liallj A_li j V 1 Al j-oll 1 illi'i Jijl j t limit tAjjLaJ^ll 

e-UaC- (jjjidi J (Jal i—uljAl ,_£l) Jjdal Ajc. jj dlj di-sTl-a ^^ic- 

dlsju^JI aA& jLo A .4dilj]l 4j_jLa]l bLiaIIj CaLuill d^/t ^ilaj ^J! 4A LdVt-J 

dl»-l j m'41 “U jg ml JlilaJ 4-ljJaJI dljl.au II (jl LaJj 1 'll IK”' (jdjidj Jl 

c" l\ j\x\ar \1 aAA jla tdl*Jjjoo]l aAA (JlLo ^^£.1 JJ ^glll J jAII ^ aAAmlLa]l A jnill 

(Conventional methods) CajIsjU (jjljialt ^ dilid! ^ bjasII i.imft-im 

jd jl^oliml £-a (_£AaJ1 CujA ^ilxalt Ajjlm tdVlaJI >— lic.1 cs^J . (Cljl .al^ll) 
4iKlt ^A ^ALdj (_)^alajl ^_II A jAJ Laxi i (jjjjjJI ^A Cjjj^t \1 A iC» II j ^Mi-all Jilij 
JjAaJI j_ys^yu . 4_mAldJI dLiLaxlIj dlddal! £»o ‘Gjlia IgjlAl ^A dll ilmVij 

.A. c-1 Ur-iil ^ CaagsAjll Cljj^JI dl jq^. .all (A il qnlii (JlLaJ d^laJI (j > dm 1.24 
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uj|j i-iljUe. 4 JI 4 ! :1.24 JjlaJ) 
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Domtari Oji (Xylanase) J5U jll j-J jj 
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*l£ul dll jxa Ajjl ■flj < *'ll dl dla Aj j'da 4jj|jdl dl jq-. dl til Vi d 

‘(Stereoselectivity) dd'j* *ldl dlj^j (Regioselectivity) £s_>dl 
(Enantiomeric jJaldll j ojj.dl diiLaia dUdd Jl ajd ^_ill 
t^iljd JUdl JaidAU djUll yulijll dUlkdl tillioj products) 

il l^iiLlall dp i^ya dlaiS Ldji dlyiiadl ollA yl La£ .^^afljyllj ^^jlaillj 

.(Ph) ^ jjdgJI ^jJI J Jaidall j tojl jdl dlp^a ^ya Aldt ^j“l ^^Ic. (Jxuu 



dLaj^Ad iAs . jda A ;jp dlyd^o ^ladidj J~'"' dlAac. ulij d 



Id .(Immobelized) Add! IAUJI j ddjjVl j ‘(Isolated enzyes) <lj>-dl 



(Recombinant DNA technology) >-_i jdldl DNA —II did dl jjd dli 

^ dr-1 La-a tdlida duda dlijlS ^2 dLaJ^AI ^tiil ^ dl d,.-Vi 

- y jp II J)iidl ?.l£iil __>dl I jl-d ^ j^jjdl yddl 



(_dc- Ja jpii did Idlj j VljtS tLudjl (jjd a_pj Jldl ^jadl yddl yj 
tdlSyi a ‘ ' p ya LiAalaj y^£j yl ^£^)jpJall y*a pd AS \2 idld^ t^^ldl (Jc-lid! 

a j y^-j j tyjjpdll y-a Jj . yidddjdl a jl pdl dajJj d j , dl j tajdjj^ 
djdadl (JJddl dLa) ddi jd dd jl ^2 y jadl J>aadl $.lal t'dald 

.((Super-critical fluids) C?. jdl yji ^1 jdlj (Organic solutions) 



dlya^dl A y 2 Ayj p II JwpMt dLlLaC. ^2 d jollaAl dddl (jdj 

dldi j (Screening) Adjc. dliLac. Jl d.d dU& dial .ddidl djadl 

dLajjjl jLa tCljp. dlyd-a (Jjc. (I) I Jd ya dilaj-a pi£l (Selection) s-laijl 
aj ^ . d j rl'anl (a_i)j iCiadadl dad dlj oajaa. ddc-lij ydd ajalS tLlild j 

(Operational lU*JI dild j da2i ^ddl ^ladddl dtalla dljd_a 
La^i Id adkiij .do*^ (Kinetic properties) yd^p- jddi. j stability) 
did Jda^dal j yd jjJI (Denaturation) y— d ddy jdi 
yti jl-.ll ~ 'jVi Ldjl j t^liiVI <.;.lac- ia j^jd ddi (Catalytic activity) Cyddl 

ddiadll yj^)la dla i ' j 'J ‘ “ J diilii L5 d <Ja3ddl J^.1 qa <addl 
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j (Immobilization) Cimill j c (Chemical modifications) JUadll 

.(Protein engineering) asuj jjdl 



«di jjj*j (Optimisations) dial Ail tLaJ ^^dll j* 

^3 L^a j JaLuijI ^3 4iaC- (JiLi. 4ia Jjlla j& Laj j jjdl jq*\ dl 

ilia tdL-a I jjL ^jjaj jdl (Multi-phasic media) J jLSn s.n*ia .LA jVt 

JlLa LaAAs.1) jdjA jjjjL jl (JjLoi jjLj tAliiLa djAa. aL jN *a 

jE. £ 5Loj J Cll L« .a jjc. (Jj>«-i* l »ll 1.12a ^$-dl j^ Lai . ( j ji.i/lj 

J=ud' j'jSS SjaIL ,jc.j jAuill / JE jjdl (Transport) Jidl 
dial J 4db dAk-VI jLy diu^j (Interfacial phenomenon) jjt 

^3j 4_j jja, \ j jja^jll 4 Ac. i ajjxj ^9 LaU I jjj l . W f Laajll A . .1 Vi A jl . fnujll 



. j I' j9"\ dl ^3 ClsEijai jjjtj -jjVi 



tJUi. j£LuU ILj U^>.a tl_id tUaJajU JiaVI j jjdl (Jc-lLdl jjfLj jl l . I’NJ 

^3 dj*-a jjjdl tjclidl r -i \ a . s-i\ (. _ llL'li .pi All (_j3 d jjA I jj ^-.J.a><-i'l\l J^au 

iJjLdl (dijJ d^Uip Jl dL-aVE (Reaction kinetics) J^Edl dija. 
jj*j ikVl Ed JULI j J jfyl a_djdil (Dispersion) Aid j 

Ac. rih'i Jill jAljldl t jl jLVI oJAiia djjaJI Cllblc-lidlj jl*JJ Eu3 . jlikAI 
t^didlj JjVl sA jdl (Partitioning) dL£j i(djjl) dLaldl ^ Judl 

.djEdl jl jJaSfl JL-aajl j 

Biocatalyst Selection ^ j^aJI jixdl f HEI 2.24 

(Fumdamental ^EAM pEa.VI Jd JacVl j JaLSM ^ill jl 
dila jLudl jjktL Uj , jia t(Enzymology) Alaj jVl 4& j biology) 
(High-through JEdl djAVI cd J jidl j (Bioinformatics) dj^AI 
4 (Biocatalysts) dj^AI ejlji^-dl (jlLe IdU tput methods) 

4<c.jaaJj (IdL^ jjlaJJ .<&! n^>ll J “ClAijiyi A i~l?lll jjl jJj*J Jl 

BRENDA o^C.li£ idlLaJjjVI jc. CjLda*-a £-a2aJ <IaLi tllELu ^C.lj3 
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li* J&l jj * jj (j! (>j .(http://www.brenda.uni-koeln.de) 

<_W£ jld kLaj>a (Crystallography) dbjjL J. Jl ^da jl dlli j j^-adll 

Ajjj Ijlal jx jSLaJ la-a t^CVuiiM I £jdj^i i-Jlc. dalll dlij 

ujU Jl .(kcLu 100 t> Ja') J&' (Protein structure) dliijJI 

llxjl J^sCll tl jl jjj j Jll 4_UJ ■Ip-si I 4 dljllJ 1C.I jij jJjlaJ ^aJ 132 4tilli 

jjjkj Jaa. la£ .(http://www.structuralgenomics.org ^) 
JLki eiil ji J jj ^a t(Software) Cuj^UJI Jl j (Robotics) till jJI 



Jajl) Jjj-.ll 111 jq-. all jj..i->"i j CLjE. Ill iti la j 4 jal£ j^dj llajja j A nn a 

. (jluE. ^^glliill Jj-asll Idjl 



Jl Uli jd jJ ;> Cu^lidl (Starting material) * Jl sila jliil i*j 
4 (Activity) Jll *2 (_ji J)la]l (_g jj-. " J^-> .all jl )"l-.l (_£jj^}dJI jpa 4 Jila]l 
JitilSI i j J dal J*H Juolia (Stability) dll j (Selectivity) Clliil j 

Jjdudl (Jlla-alij 4 Jja.jj.lJI jliJIj i^^CaVI jJjJj tojljaa) AjjlLuall 
jlLaJ dljajjljdil ole. tilliA .(jlallj JjVI d^j^all jj jjj tCa,'lVn>i<all 



(_g jj-.ll (Jjjalil ^Jl (J ja^ajll j t J. .illall ^ jj-.ll jq-. all ^Jc. (Jjj-aali l^clll 
dlja-all ^lladl (t_i) 4 a Ida. Ijjja, dlja-a jc. llaj iljjjlll (I) : Iduill 

.ola.1 jla]l kjjjaJI dl jsa-ali Jljjll i_Jjl*lll ( J j tSlaljldl CijjaJI 



Sdla, djja. tl) jia-a jC- llaj JijiJI 1.2.24 

Screening for novel biocatalysts 



(jjald laLaC. a jSna dlillti dli ij.lJ.la. 4 jjjaa dUlSi c-lall jl j la 

lja.j^ll JiA-lall (_gjj-.ll Jll lajSII ^jlll jll&Yt jg*J la-VI £-a 4 Jal&VI 

(Detection t <> : :S Jl Ja ija.j dHl£L]l j^ s jj ilic .1 aLjc- ^ iUvi .1 » nl-ill 
<Lls (jjSi (jl jdajj tiajliil t Ajojjai 41 bj.uj 4 jdll 1 .^>j-. j methods) 

, 4 _uda jjSl la allc. jll A iC» II oIa Jjg ..n lJI j^ dill j 4 ldj!)U 
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(Selective selection) 4 l&VI 4' 4 s oj& 3 

Jjc. (jjjj La£i S-lii* ^ jJ>ll (jgl-A 3 ' 4° (Colonies) dll j,. aT l na . aI3 

_ l 4) (OH) Jjau^jj-ll^' Ac-ja-s a Aaldal 4 s - Ojjllall Ajj^^-aJI dljjl£L3t 
4 ^ 1 ,.! eljj ja j t(L_DOPA) Ujj_ L 4) AijjiCi] (L.tyrosin) jjjjjjj 
L“ 4 ^ 4 ^' jl j-all (jjl 4^4 a] 4 (Parkinson) (_P=j-o a^L*-® 

Aj.IaJI dlijjl £_a l-DOPA (Jc-lilS A-sjm^ LS ^joiaiJI 4) DOPA 

.jlcVl 441 4] AildJI 

S f > 

(j-a A-Jlc. jj£'4 Aj^.jJ lilljj elilijl AjlaC. Idyl dAai A3 

> 

Jc. SjAlS dVLLai (Jjfr (J4 (j-a kjjlLalt oAA d-aAVnul Aa3 .4 Og"n>i,a\l (_j£^all 

jrtij] aj*-j (Benzoic acid-assimilating strains) <i3jj4^' <4=^ 4ju2J 

. t> (Cis,cis-muconic acid) *4 4 j 4" <4=^ _ cis,eis 

* 

(a La AsLdl) tJlA'l (4 C ' SjAla dLajJjl (_)4 O' 0 V^jLous dljjlia dudl La£ 

(Nitrile 444' j'jjA* ^jjts t(Nitrile-hydrolyses) 444' 
CiLajjji i(Amidase) j'jxaV'j (Nitralase) jV 44' j ‘hydratase) 

Ajillc. (_gaLai.'j (Amide S)CjliLa' > — i ' j 1 ^-^ 4*43 ajjA dLlilAaj filial 

.AaaljAl C1 j4j 44' (jx A <ndl 

^SaAII c.la!iil ^3 La^-a IjLui-a 4jd»3l 4" ^ CajlLall (j_4j La LJlc. 

4 fr I 4 jAxs JLU. Pseudomonas dL/24 J jc. 4 As . i-j uiCA I ^ jy=J' 

Aa.yiLa3lj 44=*-" db_jjj£ 3 j '.'a " j (Toluene) u^44^" a ^ aj3l 
4-ALAI dli J dld^a j (Aromatic and aliphatic hydrocarbons) 

IgiUUij dVLLAI oaa jSixi cAj4 j -(Long chain alcohols) <L44' 

^4 AsLdl tClAjAl dlyfij^' ' S 'A V (4>' (_4 A»alA ^ J Vi jAl A_UjjyjLM 

a i-. all dLulSLJI 4 ,4.1 a (Chiral) 4' J 4' 4^-^' CyAc. dl 4j-* ~ u<n ~' 

4 4n=" <> 4^3' 4^ (Extremophiles) Ai4=La3' 4 jjA33 

eiil abjAu c I n ; 4 Liij ^ 4 ' -s <ill dbjl£3l oLa 44 u' 4 *La-all 
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-la] .dudi jjjSj La Lite. ^jJI dic-l n<*ill dAlc-lidll Ja jjd i_faad ^^ c ■ ®j3l3 dijoa. 
ojl^jLil CjLs.jL1 A lilliS cCjLuISJI o 3& (jx <aliias ^l_jjl (jit 

‘(Hyper- thermophilic) 1 3a. dtiijJ ! j i(Thermophiles) d*ii>4l 
(Halophiles) ^XaLU kp^A\ j i(Psychrophilic) L^Adll SjljaJI diU.j3l 

JaLuijI ^3 A j-\ .all iLtL Ldallj 4(dlllc. ^LLal jo5i.ljJ £-a 




Lida diad j (Acidophiles) didaxU j a ( A 1 k a 1 i p h i 1 e s) Ljls 

.(Piezophiles) £& ja 



AJLvIjldl AjjoaJI diljAa_aJI .V vunl 2.2.24 

Use of existing biocatalysts 

(Jjj Vlll (_gj3Vl (Ja.1 (j* Ida. 43 j^}xLI (_£3a.) (jl 

;A yiLI dijoaJI dil jia-dl ^IdkiJ jA j ijjiidl (Biotransformation) <j joaJI 



lllla. .4 j» ill-) jjC-j A\* nL dll jl dlLL^a (Ji_jaj ^3 (dijLaoll dlLaJ HLa) 

(Protease) jlL jjjII j (Lipase) jLAUI dilajji (Specificity) di&^ 

jjlfr j.Aq"i V jbAUI dllaijil oj3La3 .dlifLa dllaal ( _ S JJ JjVI a-iSa^all olaj 

Lajl t(Triacylglycerols) J jji.. ul» .ll JjJ dALX ajIjSM dil£jLil Joka 
(JjoiLLuiI diiLLi j adijLiij 4 di 3 la.l (Esters) diljiuil JjWl cs ic. oj 3 ls i _ s A LdaJ 

. A q|"l-s all (JI_jLVI dllllj As- j'n-all (Acyl) L? A A I dllc- ja'N a 



3laal J] dAia-a Jc-lij L jjd diaj S3a.ljdall dlLalJjiYI ^Idadal 3 jL 33 

jllllll dlLajyil /iaIVi.J 4 HLa . 3 jddall J joaJI Jj jaoll dlaulda A \j i-v dll ja-. a 

(Water dLLa LlLi did; Lla J ^ S ;,y , diHx-lL \;aV' Jk ja (Lipase) 
diiull SjiaaVlj i(Esterification) SjiA/l diLLAL ijla 4dLjodaa activity) 
.(Trans-esterification) ^Ull dilLjaJI _£ j (Inter- esterification) 

s= 11 

(jc. I3a3aa 4 jloilll jajyjV diil^jLI dllc. jdaanll dlllLil A. lLaV Jjil^L dl__)di 33 j 

(jc. j diL (Non-covalent modifications) dLjLii jjc. d£li3*j LLi jjjL 
.(Emulsion) a, Au-aLI (Surface tension) ^.-aLAI J> yill Lada jjjL 
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sJL^.1 jlaJ) AjjoaJl dljia»*2 Jil jjJI JjJuuJI 3.2.24 



Genetic modification of existing biocatalysts 

A f.Laljt (jjjjAa j c. Jk A ^Ac. Aiijjla 

(in vitro) ^;U jl! jL^> (In Vivo) ^ di?. 

(jo £jj j jUaj jlc. (_5 -s 4I <_gA Ajjljjll A m.Vlg It jjl A'l A1 .(^jjjjyjjl idia) 

* .n ' . a Jj)uij,a]l A_lgj jjVt <21*21 ^Ac. (_£ j'Wj t_ljaiLa jjl£ ic- jj|>.->Vl jaA 

IgiC’ldj j tdliiaAl (JAj adla. AjAjjjl dl-AlaiS ^t Jjij Jill j;q)-i"ilt C'lW'n^. 

tl^iu Uaa t-mihll j t(Gene fusion) i(Gene duplication) 

J&l J jj fLall j j* ^La (Insertion) JUJ J (Deletion) 

t> iiiii IdJ J t(Single-site mutations) A_uud jA\ dl jaLAI j* 

dl» nAt ^Ijjl jA «Aa ^ . j-> j/t jLuuill Ajj.liA l glc- aA 2A1 Ja.1 . dLmaAt oAa 

Indigo jij^l (jr AJuuAI ^inll jjill jA ^Lu^lA ^jjaAl t(Dyes) 

SjiAuAI dil n>lt ^ i^yi (^jjA 3 ijf- 'Aa .(2.24 JlcAl) E. Coli Lijii^j 

(Tryptiphanase) jUAjdjAl ^jjl ^AJI jjaAl j tjijdjAl JAA2 

^ jj Si a jAAllI Pseudomona Lj ji&j NAH 1 d jMi Aid ; j 

Ji22 ^ t(Naphthalene dioxigenase) jJtAAjll JU2I jln^u.^ ji\ 
J&. $jii E. Coli Ijja&j J j (Operon) 

. A_laJjaiJ S.I.XL! dAj£^a 4j-0 jitd-ljV I Xj\aA,1 



.Lajn^ill j>nn ■la.l jl) ^ jli* ^ n-> j^Vic. jA j (plclSHlid) -li-a ^ 

jc< (Jqn*i<a t__kc.LiJaJj jA j .(_^4c.la £ J J 200 1 (3^ (j 4 DNA diUj^y^. 

. (4 Wqi\l jA-alixlIj djI^Lja-all AxjjIia£^ C. dll jda a4c> t Lj^) \W djL 

4j4c.15 10 ^ (J-aaJ (jl i^A>j (_^-Aj .dJ^ioiLall DNA — 11 Aajflj AjjC-^q clil A i>» j!)Ull jj] 

.(J^Xoll DNA — 11 (j-a 

tLjjj'i^ill ^ 1 " il n-v 11 (jc. ^ laifla j Alal^j-o 4 jj1 jj e-2^.j (opCrOIl) (JiuLo 

.lg A°>>ii ^j)n'n (J^Lk jx IgaS c ." \\ ij-v 11 jc. jji»*i\l ^ clal.r\ j ^i^l jl A^lj j-o c <llTi j 
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f>\^\ Cil&jA 

- . . 




CHj— (pH — COOH 

NHj 



Tryptophan 



Tryptophanase 



CX? n 

Indole 




*ljA 



oxidation 



Of 

Indoxyt 

Jf-SjiSVI 



jLIaaJS) Naphthalene 
.jJUiiJi dioxygenase 




*£. >i^-o ^lu J 



(cis-ind ol- 2 . 3 -d Ihyd rod iol) 



.(Indigo Biosynthesis) JjHj CuUj* j j 1 -" 2.24 JiiJI 



(Cortisol) (JjjijjjSJI Trlijj _ySj t ^,.> 1)^/1 jLuiaII -CuAiA ^jlc. Jlio 
I A ^ .Saccharomyces cerevisiae # IAU. jjSjlill <> 

(Artificial ^c. l‘ifn . ^ 1 (jc. ‘Jjkdl 

t> Sia.lj Lul jj cIloj Uj^ 13 JaAi biosynthetic pathway) 

cLjji. J jjjjjj£ll JASJI jluwJI ^.iVajoil A j .S. Cerevisiae Sjx&a. 

^jjji J Ww,t j jLuiaII l _)Ajl jl j£jj k iS J.'.' 

jkj ijjC\ ClojJpI cjljiai. ^J! AildAA ^pLull (A 7 -reductase) jtiSjjj- 7 A 
(Adrenal _^la£ll s^c. tdiLyAll CiiLaii ■* C..t ^ 

^ ^Lk ^lc- s A diUu^yl c lujii .(JjjjjjjSll gland) 

(Mitochondrial adrenodxin) j±^S jj ijjjjjVl i 

(Adrenodoxin ^jAidl CYP11B1 

-tiu-3 CYP11A11 reductase) 

cjUjjS jiuJ\ j t(3-B-hydroxysteroid dehydrogenase) cs-^ jj4j* 

J] ^ (Cyps) fjjS&kl .CYP21A1 j CYP17A1 

Jj j jkl CjLu jjV (P450 superfamily) ULdl P 450 —1' 5 JjI& 

j kl P 450 dil — ojjjl J j__^ J — (Monooxygenases) 

j—iuiSjjjiijjVl cA — ajjjl 1 — J .(http://www.icgcb.org./~P450srv/ 
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jS-a .(Electron caiTiers) dU jjHIX JJ ja. jIjSjjj jadi jj j 

(Metabolic flux ^dajVl ijaXI »' j' j- 4 j ‘ajXJ! yAhc ^ y 4 ldVI J 4 -^' 
dldd 4 Unj^li 4 jjc.j^lt jjc 4 .; j ,i l> il dX-lii!! JaLwjj equilibration) 

ijjSjlill Xa) 1-n.n _jJj£ j-l^xa-a Jxs (JjjijjjSlI ^llil Jj 44 jX ."il 

.(3.24 



Jjj jjj jlSdl jl Jia.1 j!La ajjjl j (jjjjjj (Jj,i»"il _y^i I 4j jUL2l ^ Wn 

^jlVllI j£_*j - 1 " 'I 'JJJ.'" A >.i,VlA ^at W~n.il 1 q n.ia a J,W xi i " il a i ^.1 j. .. Jj.ii. 

dl jE-s iic. jjj (Interactive cycle) ajIc-Uj ajjj£ dlx XdA Aloc. 



dLiajj^jjll 4 ..i VA ( sJiA jl£i nil . ( dljjj j ^j]I XadA ajjj) (j>>» ill U 



1 1 A't/lU 



dc. (Function) 4iX ^11 j (Structure) dull jjj <bUU 4iX«JI jld ja 

(dLajJjl) ‘d-lat-a/e-llA dll JJJ j^)J jJjlaJ dLajXall ajlA ^laVnul j dljjjjjjll 

Jliid J . (_gjji.ll ' ' , Will dLlLaC. IgJlxXj Jaa.1 Jxi 4 ‘nmo dldal j^ dl 4 

y^buall (ja ajl . .11 11 dlj (Subtilisin) Jj jjlj'l n.ill dl^ala j 4 * X jA ^ in .4 CJ 
(ph ^ iji jj-li^JI ^3^)11 4_JUi alxuuij ^jVI a_j£jx2l aid 4_ac. jjil un Jxi) 



4jjnddi j (Thermal stability) 4 jj1 jXI X'dil j (activity profile) 
iilliA BPN’ Jjjjln.ndl “Ula. ^ aXu .4 nn*\ 4 ill (Oxidative stability) 

(j-ald d jLd . .in Met J Met LaA Jjjj-U-Lall J^a jljn-al jLadas. 

Jld j& ^Ull iS A^A\ jjjIjII (da Ji.1 j* iiilljJ .(Oxidation) s.i*AX 
tj^jjWlI Jlddl jLaj 4jli ^Methionine sulfoxide) dAjaLdl JJ jX 
^ “VI ‘(Site-directed mutagenesis) <*4^41 ^ dj^dl jjikill (jjjk jc. 
J c ( A 1 a ) jjj vSn Jla t(Non-oxidative aminoacid) d£lia jd A^ai 
(_> a jLd lilliA jjij jl jjj (_> t(Leu) jl c(Ser) 

Ala 222 -Met 222 s >1= LlU ^v id A+jJj I dlUill j- %53-12 



.(jjjjjjjil Jl^. ja [(subtilisin) jjjAmxjill 3 



956 



:<■ 'ijlViMl jijjjji 222 y.gjnj.nll Jhfn,L tillij 

.(Durazyme) <J jljjkil 




*U5Llu ^Vmib jj£ y*JI fjA Jyjjj jj£]| (^frUia^a) ^ji.^i'i jLuu :3.24 JlCJI 

‘(adrenodoxin) oxuiSjJjjjji tADX saccharomyces cerevisiae 5 

-3 ‘HDS-p ‘(adrenodoxin reductase) o^uiSjJ^jjjJVI JbSlJjj iADR 

:ye. i^ita) ‘(3-p hydroxysteroid dehydrogenase)-^jjji^J*^jjJjA-bjj 

F. N. Szczebara, C. Chandelier, C. Villeret [et al.], “Total Biosynthesis of 
Hydrocortisone from a Single Carbon Source in Yeast,” Nature Biotechnology, 
vol. 21 (2003), pp. 143-149. 



^ y j 4 - ^ Aj^jJua <_ jLbj£l 



oil 



(Directed evolution technology) 4_a. jJI jjkill 4_ik (jjjL yc. ^ 

4 -.1 y i j2£. y A _K ,y 4_i^j y y I AJUtiil 4lL»V yiaj oljl ^.lii 

L-jLai. j .(Mechanistic information) ^jjVl auj yc. ck jk* 

tsj^. Aili t jj£idl (Darwanian optimization algorithm) SJkVl 

y^ 4fjtc- jl yjkl ^ LxCullj jl/ j ^udxll j >Q W'.’l A b l ,1 ^ ^ ytiil jlfkl 
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6 ^^Ac. A1 l.g.jJ'axn 4 jiLl 1 a 3! 4 u^ll dll \)y\\ 

jlul) (High-through put) e-laVl UHx. aJjjc. Jjjl jL CkJ jj JlSUNl 

d IxOVhmI ^£3 . .Jj)3*lMl (j-G A_JIj *U£ ^Ii3l C- (Jj-aall 

(N- diV jj-li&j-li^l (Jj-g tajjx-G AjjIjj dili dal jq^,G ^J_^ld3 sbVI 

Agrobacterium djiiSJI <> carbamyl-D-amino-acid) amidohydrolase 
CiIiaYI (_>bUa5ll ^U-UI ^UVI <^a UU ^VU; ^Jpl ja j <.Tumefaciens 
jU.j=J jIjauiS jja j J c(D-amino-acids) D- A^ajll cl j 

(jd jxa Ua jaiill AUUill j AUUill jjjul j ^(Horseradish peroxidise) 

(P- Jjjjjj jjiij— p — II jljjiJj (Subtilisin E) E jjJtluJI ja aUs- a ejUijjY 
S41 uJl^dl j (Mesophilic) a1u*a 1I Sjljadl j^dl nitrobenzyl esterase) 
UlUslI (jjxaau j£Laj US .(Psychrophilic) Sajjdl ^Ul (Subtilisin S41) 
eiiUjji Jjj j\;;II jM.nX.ijK.o qa dlUil US ‘Aj j aa.^11 

Pseudomonas LjiiSj Ji ja UuUI (Benzoyl- formate decarboxylase) 
jjSI (Carboligase activity) (jjjjSIL -k>j UlUi Ubu gUI j putida 

^gk SaLjj jl__>U Uajl aiij la$J lJ^^I JSjUI 'gSVi.«i ^sll Ulj (jA CjIja 

Ji t> jUaII Toluene or/Tzo-monooxygenase fjji ^al i^SVI UlUa 
(Chlorinated # j 4SUI ejUUVI ja JS1 burkholderia cepacia G4 LjiiSj 

.(Naphthalene) jJCUi j ethenes) 



aLu (Specificity) aac. jilt JjaU ^Jl Jx<a jjII jSaaII ja tUla s jUc. 
(Galactose oxidase) jjjSNill jl^S y ^jiV ^ Ua ‘JjVI aaSjaII 

sU J7U ^ja Ig.b’i-Ci U (_j^kl iUI^a! UIaA -JjI aaS^jaS jjS_jl*il ^1 jiUL 



(D- jUjUjl aj$ll ^jjl Culilil £a US sCjUjTjVI aac. jj SaLij • ~ UjILaII 

j»j csall ja j (90% Ee) D- aa*-^ jil jikdl selective hydantionase) 



$D- a ■ >>jll -UijtUijl 40%) Ee cf-^y rf* fs ^ja 4a1c- d ^.^.• aII 

—11 ^jjVl JSU1I gi i US t(Stereoselectivity) Culjill AUtUiVI jUj 
sLu Arthrobacter DSM-9771 LjjjjU y' u° ^dUl' D-hydantoinase 
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t Ailbi j AjjlUjl AiUal i L-5-(2-methylthioethyl) hydantoin a-UjUl 

IfrillAj t 5 ^' (Triazine hydrolase) yjjbjjJI jV JIS2.I Ia La£ 
fjjil J t j=j_>6U Cl iJ cjdSj-o JSUj y£j ^ 2 ^ j Triazines— 11 J2Ui 
-4 Jjj 3 AiS^j ^21 jlkdl (Toluene dioxygenase) yjjl _£ll jln>n.S J 
-3 A_ia jjiLuJI l_sSjx]I Jl ALjibl Jji l-jSj^S (4-picoline) y2 jSjj 
S- ibj (J^l ya a^. jUl dil jUUI j - ' a ~\ , .1 yj .(Hydroxy - 3) ^S jjaU 
‘yy*_jall jlUaj E. Coli Lj 2 Sj ^4 (Carotenoid) AjiujjlSlI CiLSjx ^bjl 
phytoene desaturase —II <»jji ^1 jieuV ‘Saja?. UaijAj jjIS cbSjx jlSbV 
(jjjjj^jjjjjil j-_Uq fjji sphaeroides Rhodobacter 4 b jASyl y* 
yiSja t> «.Ua*ll Sjbjl j s (Lycopene) y^ jSjIII ^bjY *(Neurosporene) 
AUuAia c u") £-iij-oj jUoa i- llU i_iSjx jAj c Cis-( 1 S,2R)-indandiol 

Toluene —II y* JS4 CkJ y tCrixivan ^21 j2l jbiall ttUL 

•P. Putida LjjjSSj y* £ jieUiUI deoxygenase 



A In > J y U jlSyl U ;a ja4-c Aj dll j£i-al A aA , A djl nS -a jyjlaj ^ ',14 ' 11 

ye. LoiLuol jiJj li&j cAalbill (J JI (Jjj^a_jll l _}yl ya Ajjjyyj 0 j3 t Ay jail j^jjalill 
y jlVl'l . Jjba jll ydutj (JLU, ya ^r'na ^4 jV I adSyall (Jjyd) yjjL}3 yjyla 

i_aVI jl dilla oAc. (JLLd IgJlili. yyjjj ^^jllj ta-bVI AjJlatll i_jjIUj 1I ollA (Jja 
(j c. baa I g LWn 2_2]1 I iSaa g u 1 i." 1 A aA . /-> A ag a ^le. . ba jj diliixll ya 

‘(Fluorogenic) Sjjiaia J (Cromogenic) Adyl CjIjUuI y 2b yjjL 
t(HPLC) ^Ldl L» n^ill bib aJjLJI bal j& jjU jjSII eiiLpaj yjS ^ nm; lillj j 
La Idle. (NMR) (_5 Jjjll ^-aaUa bit-all (jbijllj (GC) Ajjtil! bal jC. jjLajjSlI j 
oLa (Jjj-aajlb Sjbsyi cleaj) lAa. AilS-a j lia. Anlnl l^jV A jbe ^)jc. (jjSj 

.(jjZiC- tpbll lU- 11 (_^3 c-bL/l Ajlbdl Aij^)ill UlLgjJ ( _ s Illl CjI jeall 



t> AaUJI J 0 2 j . ^l l ^4° yk Rhodobacter sphaeroides U=^ijJI Lji^l 4 

Lp® ^luiJLail ^gic. ojjla Igjfslj C5^ J J-Gall (JjlLallll 

. C^lxallui^ll ola-o J < 9 oa«JI dal i\l qa Ujn^jll o^A diljc. ^ 5 j (juSnll j 
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ajUj 3 joaJI a. AuSj) dju 3.24 



Biocatalyst Immobilization and Performance 



Biocatalyst immobilization 



3 JaaJI Jia-21 1.3.24 



dUjJ (JjJ 3-a CijjaJI dj^-all (4£ja. \n?l) t." n fyi 3 ] 

Ajtuul j Aj jai ULa. j& £_uil J (jUaj Jc- AjC-lit-a dljLaC. j A iLIVlj A_nja C l\ q ij J-i~i j 

jsa-all IdL (Immobilization) djill JLc. dj jd 3 J 1 .jLiLV' 

tAjJjljJj CljjaJI Alilbti Jc. f-LLV' CgjjJaJI (Jc-lLall galiaj (jjjjdl 

dll jj^ill 3*° 1 . - n * i 2.24 Jj-laJI ^ j.llj Ijl jjs ga. Wlun 3I 3^“^ *■" 'J* 1 * 

.<iiLa3l CljJI dj^-all galddul (j 4 - Luijj 3^ (j^d Jill dldj-la-allj 

oUd dLaJ^l 3 ^ l$L£ja. Jill AjjJaJI dll ^jljli 

dlLaJ^j^J (j^aJ .Aiildj Ajjl jjj. A ■ s > 11 'll Jl AaLdVll lAja. Aj jjjIlo LlUdj 
A_ic- jjj tig m (J_j-a jl A_1 j£JI 3 *° sA^j JSl aJIc. diLillsis ^ 3 -hm 3 ^ *d j 3*-4I 
1 ;» >^i 3_5^! ba 121c- Ia jj>.h Vi fj\ VI .A 11 il >11 dLlc-libl 3 -° jAi JSIj tAjllc- 
3-a J 4 i__iilajjj tAdlj jJC- 3 j£i La I jjj£ Igjl La£ 4 Ajllc- AiK L_jllallj 

I jJajj .g_^3lj2l Jlc- 1 g » a Jaaj Jill SJc-LuiaII Jalj*JI 3*a Al-dl) ga?Vi idVIdil 
3]i 4 -A CKII LLLaJll jl dLldaklll AjjlLa tl j u>i‘l A Lij“J AjjLiaJII I g'Vj.'b Jl 
(Jad Id AjoiI jj A-ij)j*sll dl jl'a.all J^l j_^A LL 37 W olalall jl <1 jjataall dLaJ^VI 
Ajjaild a " i\ q 1 1 }-»~'i AliLallj olala]l dLaj3-VI oAA AVi La£i . (AfijaJI Aljai) dimilL 
Ajldus A-aj3 dlj 3 jai jn^-iVi j (BiOSenSOfS) Aj^ajijjj dLml jjjlaj as^ 

Jl AaldVli .(Chiral compounds) J(>2I JL2I Iua dL£ jA£ 

AC.Lu*a 3 a 3 .>1 3 jJ.au- 0 Jc- C'lUlJ'l J l^la AjjIA Jj£VI Jl^dVI jalAadul 

.f.lj2lj gal » 311 j dljAiA jjj^ll 

jl AlalSJI LLLaJI jl talllj>>>»\l^ CoJAdall CjLaj3jVI dllj gJaill i.^lVi-a'i 
■ Lij j*-2l dLaJ 3^L I 3a Ia jjaj Jill Aadaljll dl jja]l j_pa*J AjjlaJI A -s t a "V I 
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^AjAg jjc Glutaraldehyde —S' j fjyVl yu JlAAll iLujV' yl 

^gjl JJjolI A tojl^pdl ^ n-s JJ.1^S1 ^3j]l yo <3^}IaA Lgg3 (JaAIij 

Aldehyde —1' k& yu kAlill) (Aldamine) yidAV' <LjIj j'yAJ 

.(Amine _ J' j 

J&. JAA Glutaraldehyde —II ^ yj^d' JA-gII ALA :lgAj 
A yi j atALA]' g_LA£ yo d£ j ^ " y ^ -g" yAy <JA (J-g'^c- yia Jjjadl yjl yll 
k^y j t^ldl J jAA (Ionic strength) AjjjV' Sjdl j (Ph) jj.yJI 
CA&JI y*> LAyA a A ( y -yokl j!lSV' aydl (jj . i_Jc.li!lil yojj f j' " 

y g Al l‘‘i;i"i Jyj A yix. . (Jc.li!ill yo (j_jA i “';•*■ Jals JlAj G_Aul£ 

^1 ^Native activity) (k«.nfdl) kAA/l <nSUill Aa yi J*U y& yj^AI 

4 ^ '.Vi , .. A1 4 4 . A1 y-A 4jjS yo °/o99 90 yt_ja. c U\.>3 1 <u.i 3 yl g_uA. 

I yill ylAI ^3 (Jal » UaC. G yj A tkjyia. CllAa 4jl yo 4-Jla. y jA (JAiA 

J V) . Jal yAA Al j (Lower space-time yicld)-^G yoj y ^-LAll 
(Carrier- free immobilized enzymes) JAAiyb. y LyA cLuji yAAJ 

Allyao 4 UiGl -v At ^g cyjlydl a A JA t _ s A . . \\*\W 4_yAo kylA yojj 

4 AMy* (_Lg\ yy yo 4 ALg 1I CsLojyVI &A y ■ ^ ^ y. it y^At 

ejlGjjjl jl tdiAAj t_K ^A (jjA (jl yAoj yill ^yVI AyjaAAA yAo 

.(Spray-dried enzymes) ( jJL?) jAylL kAAo AiUyl J kAio J Sj^La 
-AyuLo yy/ ‘ *V'i‘CV I^A aA kc.yiA]l clllluii]' yiya yG (J jj^aAl yj liiljjj 
<£jl uA ^jj/ A jjlL ^Cross-linked enzyme aggregates (Cleas)) 
(Cross- LCuA LhLujji ^Cross-linked enzyme crystals (Clecs)) 
(Cross-inked jyjjilL <Ag cjLujjlj dinked enzymes (Cles)) 

•spray-dried enzymes (Csdes)) 

a 4 djLi]ljt3 ^alc. (JkjaJ (_kal_jav yo AjaLgII CllLoGyV' y yj 

(Carrier- J-gA-j <LujjAI maAII ly^AA yo ej^ 1000 - 10 — j jA) 
(JjIAgAIj y;~s . .iMA ia j» jjLII jx < a ^yAl l-ia. ayAa lyl A£ .bound) 
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dlj — 


^ddll 


CjIjJ ij w ail 


dl J ^ SJjI j dl ^Liid 


jq^k aII ^Idj l_La11£j SjL j 


Jc-U^ll 2i, w a J£d ^Jj Adjdl 


t/jd 




^.IjjI 1' J)q^k a! 1 A-ilUts <jld 3 




All ' iij 4 >1 rt<~- 


ph fSjll ^ Sijiala ( = 4 ] (_)iaj*j]l — 




ojl^dl C1 jL^.jJj 
‘ dLai {Jc-lij — 


<_£ 3 j^kll jq^. aIIj AlLdo 


^ ^ \ 'll ^ \ a jlg-^.1 j\ 4 _illc- J)2k (_£ 3^] (_ya^u\\ ~ 




AjI j^\ ijfA A_dLdll dlli^aJI A * £jj — 




jj-vll jaa-Jl Jlxiil 3^-^ — 

grd-S->d jd - 


4 Q > \\ 4 _llill_l AjilxllA 


a Y&W (Jij <jjj.w a — 




JfrlLill JJuilu Jili. ,_5 J°^ A " 4 jJUi ^jljaS 


aT>\^j1 j\ c_i]lall (J£Ij — 




(Jj 32 l]l £-o A-gC.|J 03)* .s -1 dll A-Lma. Jlaiijl — 

t-JUSI cJ^.1^ Idldll — 


c5 3 z i = s»Jl jq^k a\ 1 L-j^jd 


dLo-uid' £_ujI 3II (J1 \ a!1 




Aiddl A_ln]l dl)n lLgII ^IjJ — 




A ^3]! 3*^! £ 1 q/unl — 

(Aaja^. A-dc-i^ Aj^IaII dldliUl 3-G ^-1 34! 3d — 
Aj-lidl 'dLall dljj^Al (3^1 J ajda A_^.l_dl 


6 jl_l_u 3 3! 1 illdl ^AXJLl 


o22jlLq 3JjIxa dl j Aid' ^Jl AJU. (j£ ^3 A^laJl — 
LgJai*Ja3 A i!a» 11 A ~s, , 1 a ‘ 1 A-^y > ,0 


4 1 ' ' j-s 1- '!! AjtAilall 
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AjjoaJl tj| jia _41 Jjjla 2 . 3.24 

Methodes for biocatalyst immobilization 

£-a kjjjaJI dll jq-\ all Cmull dUl^ja.1 £y» £jail j i JjUj Ai 
0 d. Ldul ^aJ La£ dVliall (j^i Ait ^ •doLiJI 

•4.24 (J£d]l liiii^’i ciil a 



A _Llla ."il Jft-v a 



AlxLa jrf- 



^Ja— Jb ialu jl 






JSljt ;4.24 JSiH 

^ TX ' 1 






Jljil. 






jyiiC. jjC. Ijy^C. | 






^yuLau / i yuia , 


^JLiu -3 




' — 





JiS 


— 


(insituiy^Jyi^ 




fS^i Jiii 
WJ; 





- ■ . < 1 i.*<e. | 

—1 

_J 



JjL«U ^ k. ■■ 

</** jj— i >j 

n^vi i 

iUUioUW I 

fUXj^yiAj v ^ y^e. jjfa_ 

jjUit«Ufkt— 1 



Aijlajjl Adln (_Luil j£j (iLnU^a!' 

Cross - linking with bifunctional reagents 

l£jld CiL#jjiSM j IAUJI (>0 J£ (Cross-l inkin g) 4Lid (jLaj 
i(Bi-/multi-functional reagents) i-sjUij}' sjj*!* j kjjUii duil j<j 
i_a41 jSJI jl Vj .(Amines) cAjjaVIj (Aldehydes) dldA4Vl£ 

oi& .dLaJ_)jVlj 4-iaJI JJC- lALaJI i" n iTi LS lc- j>.n~Vqj l^-aldduil 

4 A i<i JJC. iillilj <fLL£la tjlxjVI 4 jll4j ‘daj^jl ( dlxASo) lIi^IjSj <ii^jja]l 

Lalddoil J&V1 4 -a41£11 ja (Glutaraldehyde) jj4j 21 jtijliJl j) .*141 
od.li !)1 £jowi ^ (Lysyl) (JjjjU! dALoii ^ (Jc-liii j&j u4n >: >nil 

:Schiff 

fijst-NH 2 + 0 HQCH 2 b CHO + H 2 N-^ — 

n Jii-N = CH(CH 2 ) 3 CH = N- rij$ 



963 



t_>A*ia jjc Glutaraldehyde —S' j fjyVl yu JlAidl iLujV' y) 

^gJI ylA: La toylyASI dlLa. jJj ^ n-s jj-l^Jl ^3yi' (j-a kajAia Lu3 (JaVnj 
Aldehyde —1' ke ^^a yu kadi!') (Aldamine) yAAV' kkJj j'yaU 

.(Amine —S' j 



J&- J£A Glutaraldehyde —II ya yjaA' jA-all ALL 
C j c AL-Lit L_Laul£ ya ^ ^ S' y H yLy d-L Aai y. yj y^Li yyl ylil 

Ay j tg -jldl JjL^all (Ionic strength) kiyVl Syl' j (Ph) yi?. jjA§-S' 

-A.LAI kLyA a A ( y 4 _ujAI jAV I a ya^l L)j * Jc-lAai' yajj aylyAI 
yaai -a" n 'V' Jjij A Idle. . (Jc.li!ill alyA ya yykj Jals JlAj c_kauA 

Ci ‘(Native activity) (kynldl) ALA/' <nlUill Aa J] JaU ^ 

4 ^ '.Vi , . ; L1 4 4 i^i 11 ^cAI 4jjS ya t%99 (_A] 90 tlaLa^a LaaaS yl a_ljA. 

^^c-lyll y^JI (Jal aUaC. -lyL Laa ‘A AlLti A' ya ALi. y_jS j JaLA 

y' Vj . Ja' ALAI A) 3 (Lower space-time yield) -^a yaj y ALU 
(Carrier- free immobilized enzymes) JaUJ'jA. y Aula cislajji y^LLJ 



a** aLlyaa ^_gkc. AaAAI £_a ;yi'y*JI oA JA 1 4_iAia AylLa yajj 

- Aj 4_LA yj (Ja'y^. yy ya 4,'ma" djLajyV' a A jj ■ ^ ^ 1 ya . y yjAi y^ail 
Ljlajyl jl ‘iLlLAj (JkL i _ s A y_j£j y' ykaJ yi]' yyY' AljjLaALaa] yjlla 

.(Spray-dried enzymes) ( jJL) LLyA AAa Lkajji j kkLa j SjjlAa 

JSyLuia yyj / . "i')l'i‘\'i oA kc-yliai' liLnAj]' yj'yfa ya (J ja^aAl yj AJLj 



kk*Aa yji/ A jjlL ‘(Cross-linked enzyme aggregates (Cleas)) 
(Cross- kAuA <l iLujjl ^Cross-linked enzyme crystals (Clecs)) 



(Cross-Inked IS jyl* AJ jlIL LiA-a cjLujjfj dinked enzymes (Cles)) 



•spray-dried enzymes (Csdes)) 



e a 4 j a dilallxS ^alc. (JkaaJ Cal y j4 ya 4'l nail AlajyV' y aJJ 

(Carrier- J-aAj 4iaijya]l Alull l^ikjla ya oya 1000 - 10 — j yAi 
(Jdl a" j yj-s . .iMA c4j»j All ye. i sjylall 1 a^. Sjsluu l^j' LA .bound) 
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(Amidase) jldol dLajjjl 4 " nd Ujliall oLa j^nlni (jAdii .“Lijdaxll 
i(Esterase) jl jjIAH j 4 (Thermolysin) jjjyV j*jS^ j ‘G (jjWmdl 
jjjjlll 4 (Lipase) jLnlllj 4 (Asparaginase) jLn^jUA/l j 

(Urease) jLjLI j 4 (Glucoamylase) jLlJ A ‘(Lysozyme) 
jjljUl j 4 (Trypsin) jj^jjllj 4 (Clecs) a£j^ 1 o dljjL Wia 

(jjU>ij nill (Acylase) jLUij 4 (Cles) a£jaA* dLajjjl Uja (Papain) 

.(CLEA) 4£jfJu> dLL£j -LLa 



Supported immobilization methods dmnll jil Ja 

jda ^ 4 _Luail jj UjJiJI dll jA.all 4 " ijinl aj 3 jLall jjjljlall 

jL^y/ Uaj ( Surface attachment ) gJzxJL hUljVI Ua : jjljll ■«■>] 
4 ^yi Jajj ^ 4 ^kUU JaLujVI 5JU. ^ .( Lattice entrapment) -Kh^/L 

(Jj 3 jjj ^jl jlil (jill (JjLiLall (Jc-laill JJE. 4 _ lL.n ^dj ^ ln.nl A lAll jl ^ * .n t II jl 

dLl&Uull jj jjc ^jLiiil lajj^l j AluudaJI Van Der Waal 

4 -dijLLa 1 S j jia 4 jjuLball Jl ..n'V I (jl (j£uaJ V I die. I jj£L 1 I V AlLall 



4"n jMI ^ An UlLtBj jii jfil . (Jjbt-all jjc. ^jcnlall ^Ludl j (jjjUl .all jjj 

i_ill jail ^^ic- UjLiaj£ dLLidj j a * u^>.a (JJ ji. Jlid I jdfi dalajl aa 

4_iLac. dldJ ^aJJ 4jli 4A£a±dllj jLadA/l V La. Lai .4-ic-l il-n,nVI J A jit j Ull 



jAi-all ^ JjU-a ^a UjLjja ji UjLuu£ (Solidification) 4 jjL.ni 



jii-all jj f.Lall jjc. -V n’ii UlLLall Vlill ^ Igda ^lll La 4(jjjadl 

ji jjll ILa 4^ (j^a^ll j ) a 4jl La£ >( ^iJSI jl JLtill A K .a (JjjiJI 

<Al$ll JAdi J 4 (Polymerization) ijAA I Jla dLJI UliLjj 4dUlji.VI 
dll Jl j) & “Laic. ojlij 6.24 J 5.24 jjK dll ^aAl . 4 . n > a jail jl bjl ji. 

jjjjla jc- 4" n nlll dL/li. ^ jjj.'iVnu.all g.U in A' (jjiaj jLlc-^lIj 4UjjiJI 

. jlida-V I j ^•Ini.ilL Ini JJ jL/ 1 
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umnl 

Supports for biocatalyst immobilization 



j\ y \ aj jpajJalia c." ' y'l a 2 ,lii2l (jl 

a-iS^a alAjliJ ^^Ic. -Lula a3A jliii.VI a j3-iA (jj£j (jl 4. 1> 1 tLllliLs . 1 —lii^a ja&lj 
Jajjjui c^Wnii'nii ^^21 “LalaJI c“nn‘ill ASJ^laj l£ JJ^dl j 2 ^ alt 4_illjt3j Ajill 

^3 A 'i^i.a.all ^Ic. 21 ^ya £.2 j (JjUaj (j.-i^»q\ 4_olgJI (J2 (J^ts Vi'i . 1 . s-i 3 AlLaaJI 

-Ik. ajladl (J2jC. a3c- jlu&Vli 3i.VI 4. )■>_; Aj^ j .4.24j 3.24 (j2j3a.il 



jaj ( _ S I& (JjJaa^l (Jjl^-all Aj_^uij ^JLi Ajia t^uLaxlt ^ (_£ jjaJI jq^>2l 4~‘ inTn ^221 

^gic. .j!2l (j^“ £-2a J" 1 tj2^VI 4_2c.l ^3 ^.iVhuj 4 I 3 A jliic-Lj .jjIjILo 

Ijjj£ ljl2L> CaAi jl (Porous support) ^LaJI ^121 ^jk'u.n t JH2l 



4_±aj 4 (_£ jaaJI jq^2l jLiijlj CjLj J jJla-all 4 j'l-sM 4 (j£L3 J i (_£ jaaJI jq^»2l j^a 

• (3.24 ajaall ^jiajl) 1.1a. a j;» . ^-i (J£joi ^^Ic. ^c-121 I3A ^llVnJ 



jLnkl J3aj ^^21 1.1a. A^ila (J-aljc. 22^3 t(_5ja.VI CiVlaJI ^ Lol 

Jja.jj Ajjj 2I 4_j j j Vill -23221 Jaia. 4 2g'i ^^^21 j2a2l A3la, ^^3 22 4jiC.I2l 
2 j/kj-iC- Cjl 1 1.3 a jl 4 2a22l 4lll2jl23l jja (Jjl • .-1 2 S tjc,ti2l Jsluij ^3 Ajjya Hl2 j2a 
^jaa^JI jyiV’ ^^21 A-i2-...:21 4_2 Ij£ 3I (jj£2 L - 3a2l ailA ^^3 .2 j 3 CjUaJXa jl 
jlVill i_y aij 4 J22I -lia.j3l jl jAll ^A (jLia.VI 1— ilc-l ^3 3-i n<all ^ Tn > ■') j ^ jj*vll 

jl Aa^iLuiA jl 4 (J£j3u j . (_Jc.lia3l 3aij J 1 4iV'VI 1 — lla (jc- 

3jc aiiia jj<3j J Lia ^121 (j2 (Hydrophobcity) tUU (j>UI) ajill aL^> 
v _J31^j j (Fine-tuning substrate) as 2I ^Uaj^a aJjI ^12^ ^liaaul 
.a3j£ 2 |_j^>AlJa j ^ \ 3*i 2 Jlaijl eiiV^aua eiilj j ^3 j v i I l_j£^2I jjc eiil_2j2l ^1 •s-^l 
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A ^jnullLi AjjaaJI L-A^a-v aU j£ A-alt A^aI [ p-24 Js-^' 




CjJjJC. ; dtmjtU ;Aj jjac- Ci\ jjk± Ijj 
Auijifi JhjM 
i^SLjSi 

Al' ^iJ^jl w wU3> JMljJ 



l» MUM ^>^1 

Cit /iji 

Af^Jf 



jA» 

kleaelgulir 

ouo^ 

»K>» 

^A— > 

ujOJ»*~a* £l*j 
jjUuO JjmA/ 

i .. 



•oUaH 



Aj^Jafr jjC ^ilX- J 



; 4_jC-Uia^aV' ‘•lat-ajl 



Sg j 4fj jB 

(Support binding method) 



- C ) 

<k*L*k 
5-1*. J(JC 3lA£ llXk 

... , ^ 

5 jliu .4 ■» > fj L^Lk 

*Ai*l« p A*u» 

LtJl ^auul ->J^ji ^1 j ji 



4jQ>:i jk jt jikt 
,iU».. .*,*t ^JJu ^jiaj^jk J JL tm Jc4jj 
<^JAJjUm>U5 

f ur (j jib) a JL jijfuk JpUi 
jikJJ J* Jiu 

d ijM 1 ■’^i 'Xi.'I lb^ 

jbjjJL Pbu^ll Jl JJ 






(dfci 7.0 fixation) Je^' 

^ ib'iinj AuV< dblj J ■<-*•'■ 

Ji;Vi (alkylation) 

ScMTs*** JAAi 

a^V' AJUb) cite- Liu 

Ugl 

iLUuH aiUI ^ITi Jjjm Li ji fcl ki 

OHJjAj (3^ >’ tju 

Ulj. oLc-Lu^U J j*j\ 






A < ' >-Ml ' A tj'-v U uljkLAll jl ^ t ^jp. 4 J> l Cl «l ’. 6~2 4 (3^*'*^ 
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tlujjj fjk * * >jlc- aU Ajujialt ^ 4 _^jVl : 3.24 JjAaJI 

/A^juuSA) AjLujall 



Ajj<^ifr jjfr 



i ial ‘iti.^il 



‘Ujj.nC. 






+ + + 

+ + + 
+ + 
+ + + 

+ + + 



+ + 

+ + 
+ + + 
+ + + 



++ + 



++ + 



+ + + 



+ + 



+++ 

+++ 

+++ 

+++ 

+++ 



+ + 



+ + 



+ + + 



+ + + 



+ + + 



+ + 



A < \ 1 q‘‘i\ ' A S$ \ 1a L ** \\ (~- ^ ^ -N. S\W 
(j-G <C. 4x. jx>>. ,g £-g I^gI.^VuhI A_iLl5 

(.“'1 jQ-v^\l 

^ lot till (Jjjtill CLlLliiilll i^ya (_£- 1 g 

6^)3 JXG 1 ‘llnifl A-lkl* 

A^jn^H i " '1 j Vo ^ £-g I^gI ^aJLujl A_fL»La 

j L-laJI A A^jIjLgI 

*U 1 

AjjLj jjall JJ aL^li A_iuil_ui^]l 

AxGjj^^ilj AjjI }<g ^ 

Jaj-uj dAj^£-G ^3 I^ILgjULg 

Jc-UjII 

JaLai^V^ Ajj^jVI 

Ajtij^all 0^)1 ^)^JI I^J-gjILg 

I^>» I^JxgjILg 
ts £ ; LollijjjAj^!l j jjljj) 

Iajia^j AjLIs 

1&^)3jJ j A . 1 g"^K 

^Li^._^1^3_j^-g^ J< A_iLil3 

A^LgjjJI ^JLg jl ~ >-n.*u ,'-^11 J ]-iq1I 
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++ 

+++ 

+++ 

+++ 



++ 


++ 


+ 


6^)3j!1a] 1 AxaLoLoll (_£ Ao 








jidiSn jo ami 


- 


++ 


++ 


SjS 


- 


+++ 


++ 


0dUlj 


- 


+++ 


++ 


f.l iuC. j 4 N lii/n 




. Ala. t+++ 


i (J.Vvx.0 C++ a\* l> 


a 4 + jjc. 4 (1^ 



a-' £jail j JLSj ^jlc-^l ^)j£l Aj^JaxJI (jj 

(JjjJaflall ILa J^juj .(6.24 j 5.24 ^iajl c AJiLa^U^ ^ jj^dl 

(Surface- iaj^)]l CjLuSj ^1 Iaj^Sj &La ^131j ^Jj 

l^jli-al j* c> j £* j (Entrapment) jUj^VI J binding) 

tAj^jJaxJI CLjl^adf^ll (JjjIjaJI Lai .AjjLjjill J ■LuLlcljSJI 

^ l^IdkU (jx .Ida ^gj]! tA a3l£31 jaC. A j -LajLaxuSJI .LajliLall (j<a ^jtjiia 

.(Regeneration) lAddd Adl£J jLA J&l i_a jjL 

Adsorption and ionic binding ^jjVI j o 3 '-* 3 - 4 -^' 

aIi>> luJ j ^jaf ja ^JLJI (Adsorption) u^L^jVI jl 

. ^ iL Al ^Jajoill ^Ic. Aiiiw CaLL-dj jainfi V l 5^ 4 A jj*s 'I Clil .all $. 1 q n> A 

van Jlij-lili AdLajlLuij^fi £-)jj| 4 qj» .>1 Ajjlila daH-C-lia J^lc. daJau Laj] 

aJ=Jj]I J frUU aajIHI i(Ajjjjl) Electrostatic ider waal 

ClllLall ^ajJpLU ^gjtnlall JSujall ^^ic. ^qi'n.il La LJl&j tAilfUl JJi jib pl^a-Vl liAj 
A_uLajaail (j-aLa^ui 1 (Jjjljiai ^Ldl ^_a adadll (jl L/J . Adi LI La j L~\M1 AdilLtS ^_lc- j 
t^C.|^llj (_g jj*dl ^)S^-all (jjj (_)a£j«dall JaJ^)]l I— Uxaj Ad jAa^all Sjjlui 
ojillj i(pH) ^ 1' ‘Ojld^^ t A ila.ll Jajjjoi ^Ift Lii-la da!a*_a 

.(Dielectric constant) eLj$£ll Jje CuLaj (Ionic strength) Ld jjVl 

(jA .an-aA/lj dLLmll LLl^ia ^1.1 Vn.il ^ 1 . tali' i^y> Ajl_3 Ldjds^all oAA £-a . dll jj 
i_Jjjda dlLaft (j_j£Ll (jl JJC. t_g j'.'u>i.a ^^Ic. AjjJ 2 . CllLL^lLa tJ-)»dV,ll 
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4_palj djjjljj ^2 SjLuiW ^1 ^gV'. 1 (_£.JIj t(_£jJiJI jq^Jl 

jl j^-all jjs t (jjal >.siaS^\ -3*jj .OJjoiLjjj ^jl&JI AjAij 4 JLjUI oJk 0JJJ 4(_£jWl 

. ^aE-UI ^*1. ~lVn.il oJc-l LijlSLal j x Jl 2 aJ li* jl VJ i ^ajjjVl ■-*('' ,: ''"'J 



LJJJJJ (jl Wa.iWuaU.il 


(Wlc. dl (Laj1j3j>«) JWdj fjk Val^JI V^jVl :4.24 JjdaJI 

^jjaJ jia^ll 






A-i^Luj^ Jj£> 


A-LaLufaa 


jjlLual j^tl 


+ 


+++ 


6^. J 6^}3j1a]I AdwLuiA 


+ + + 


+ 


jLaajVi CjIjuLo 


+ 


+++ 


(j jj-vll <ft\' ( JUkj]) (J i-o^vh 


+ 


++ 


<±2k.^)LkJI diljljJix]l AjLa^. 


+ + + 


+ 


<ja,-w.xJra L^l.lVuni A_iLli 


AjC-liliual 




j>SU 


Ajj^aP jjC- AjU» a 


6^)3 j!Lo ^iC- 


++ 


+H — h + t i'qMI -v -v ^-s. 


6^)3j!Lo ^)JC. 


+ 


+ H h H h L p-y 4_ul_u 


+++ 


+++ 


— +++ a 4 qK\1 



. Jjaa .+++ S s++ it. W .>. t+ ia_il£ jjc. t — (j 

jjjdl j i W.l cj& IjjLijja L-oja-lall djLaj jjYI JL^irJluiV ^aUidl JLJI jl 
t ,_W ~nt jjc- <j 2 jajjiVI jj^J i'\'-j ^jjjJac. i _ ' J * J Wwi j .Lula jjc. JjIjxj ^3 
^-3 IjLlS 1 . j tS. \ jl JjL^ltj n > ' ■ .J j V . ^ 'V 1 J^U. jjs Ja^Jjji]! ^ajjjVI jli 

jlas jji jjVLall (Lipase) J Jl ?-?. Jj j ^>1 . ~ii ^j jj .<] jL*all d A . v •» 
wJLi ^-a (Polyacrylate) d^Lj^VI >j j* ^e-ta _ic. Rhizomucor miehei 
(Hydrolytic) gjldl Jlwj.ll cJlc-laj ^wU La£ (%90) JJlc. JinJ 
cjLajjjVl JdcU J&. Jlidl j .(Synthetic reactions) w^dd^dll djUc-lsoll j 
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Rhizopus —II jLa Lipase— 11 j»jji ^ ic-li-all ^ L^aaII 

jlSlill SAijj 4 g ji.'i' aI ^Lj) JJ j« Celite 11 sAa ^Jc. Ai 

^ic. (Xylanase) jlALil j£ll eiuijj ^Jala ^^>iSn ciAkAiill Lai .LjjJac. Jalui jl 
Cimi J (Xylan) jLLIjkll ,^<W Eudragit L- 100— II «Aa 

pHEMA _ II (> 2j jLa kk« 4. ; >.A^ LLitl t _ ? k. (Catalase) jVLSlI 
lipase— II ejLyjji ^L-a-ad J 4(Poly(2-hydroxyethylmethacrylate)) 
gjldl Jjkjll cAAUj ^ l^l-AiiAf (Sepabeads) Sepa CjLua. < Jc. 
tiJ CkJ jj (Resveratol) J jjI jji^jll o^AI J t(Hydrolysis) 

(jjjdfJI CjLujjl jl *4 j ciAna*. ^Ic. (_j^oAa1 I (Laccase) jALUl 

(Silica) ISjIudl pu ^Jc. (Chemotrypsin) jy^ji _>aAll j (Subilisin) 

oAj & yfy - Ll 4 ;j;UMI 4_lHjtill jj j*J ^11 La-a ^jl^JC-JjLo 

LijlLa (Tetrahydrofuran) jl jja jj^ll ^Ljj (Acetonitril) Jill Jjjig 
(Freez dried enzyme ^ L-ajjA' Jj^Lx-dl j-a k*Jjiall LJlfLLlj 

•powders) 

jiC.1 jlj 'I jia-all jjj JJJ (_£j3 I lalijj jjAj jLa-all j-a 

ejljxa jl .CujjVi JALI JLli jxi (Biocatalyst- support linkage) 

t^gjLljjslI jxa'x-axli I ^ La£ Lill 1 Lj^Jj -LaLLjLI j-a ^ jll I A 
S All j Ph ^ JJ \.'g II Ji jil (jali. JjaaJ LAuia. 4jjjjVI JsuLjll 4-ijljj jl ‘ 
j- (Glucose isomerase) jj£ Jill jl jxa jjd ^ji (j-aL^ai j A 1 .Jy Jj 
J1L-. Cj jjl JAj kaLul j ^Ic. Streptomyces rubiginous J AJ 

£-a klAiall jjjkJI -DEAE j-a t_albi (Anion-exchange resin) L^ill 
a A Jijj J LA -(Tio 2 ) .jjjliJl' iixA J ^ j j (Polystyrene) jjjiL-uJjJI 

jiV I ilka^G • J JL j jill ^Jl j jl jill (^)-aljj) 4x- J .--ixl jjl j LlC-Lu-a 4j-a*JI 

,_jc- (P-galactosidase) jAjji£SA-tiij c-Ali JAAI IA 

• "'I 'n-s.U 4 ;Uh'l ^ U» . .iV I Miij (jAJ (^Jc. 4^jlill i4 W .til 4jjx 4-ljjjl JjA 4_ajjl^) 

eiuaa. dPolycthclcniminc (PEI)) j^jJJI ^ 1 ^ (Sepa ejliua.) ajjUjII 

Jaj ;4jl_lia 1 _ 5 lc-j . jjlSAII J;C*'l 2 'v‘- , . ^11 Ijs jAiioil lilll Jlaj L$ 
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jjljlAI-DEAE j Dowex— II J&- (Keratinase) jliiil jAI ^jjl cAri 

. Cjliii j jj]L ‘t^i'a'i CjLSjA <■ a Vi a * (Hydrolyse) 



(LlsALujj) LSjLuu e_il_ 4 j jjyi (jljjSl 



Covalent coupling of enzymes 



UaJj IsLuiSluil jj£V I jijjjVI <■" I ; (Vi Ajjlia (j-ojJaJJ LaJj 

ijjjjjJI Am-aVl cjVLul (Covalent binding) L£jL£ j 



jJjxai ^ ^jlill iS^Ji d.lAI Clua. qa .^ac.1^11 Ailc-Siii 



jjc. . aLUs Ad^jia ajjILhSI b2a (_]*-?*■ (jljjsVI ejilftliij jhjij ^ U, ,tl 

j i_2liJI a.jq» .all ClUl jiVlj lAaij^aSI jIjaSI As 1£ ^jl 

e\n : 'nSS 4 _iLo*JI CiUnS-v'iSI (Jx=ej (jjjljc. iEjjsj l^i-a ^>La V ^jjll aj j.j ViSI 



.a jjlj CjI Clllj A »A A CllVS-a. Sji/iWa ^SjLaLill 



A_3j\_xlii AjJle. Cll.Vs"i.a i^jIcAIj CjL&jjAU l _g£jLia]l (jljjiVI (j-a 
k J£ ClllaC.1 AS . (J.)». wull Ja jjji (j>3 £jailj (_£Aa lA^-S— W ^dijjl -Ijij ^^c- 

a;S,n»ij\nll (Acylase) jVLJ j (Trypsin) o^uj^ll ejUjjji ^ 
(Multiple-point ^ jlA iliijE Jblij a .it JVA kiAJ\ Lipases— II j 
ojL iuu> cjlilLa tCNBrAL JxLdl jjjl&V' VJ A- covalent attachment) 

(jjlsull ^hi^TN dul£ ij .SjAl IgjIjAxj ^ (ijj 50000-300) jjA j ji&l 

(Carboxypeptidase A) A Jynnj.A ^j'ASl aIA JisL ^ jLAI 

.ojjx-a 4 j jl_u o^a i — ail t Aldehyde — SI ^gic. ^jiaAl jjjl&Vl jAla LS ic. 

JUill ^SjaII ^gh ASnJ^\ (j^aLaa-Vl dlVLalij -Sajjll (Jc’Siij (Ji.lil VI <— ±a>J tLlSULe 
jj*j (jl jl nl-il l (jjjjjdl J£ui o jJSj LSI ^ i-sj IA iajjjVI <j-a (Active site) 

(jj'A'lS .Jalij B.1C. jl ii.li.lj Ajakj ^ jjmui ( _ s ic. JaLuj5U 4 J ni5 ^ajjjVI Ajjj-a ^ 
Ajl j-a ^iC. jlljj . (JAjaSI a J . (Jj» A CjljJai * • l> jjl jJa a^lLiA l CjLlLSaiLall a A 

^aJ_yVI ^jil-aV' (jlaLaiVI (j-a Aalii-a CllVbaJ jjoiC. ^alliiluil tLjJ-lia tjjlAaVSj 
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dale, dl_iLo*JI (jl V] a^jL&ll jlysM *Liiy 

j (Phenolic) <4A >y2' a (Thiol) JjiHll a (Amino) 

.7.24 J2A3I ^ AjwUiiV I jljiaVl c£lcU3 yaxj jl .(Hydroxyl) 

(Multiple-point -32121 j.i*iall jl22l yjkill ^-22 -2 alyL>a 
(Penicillin G acylase) GjA^d' covalent attachment) 

1^. 4x11x3 13 Lyx*. 1 y-i-a 1 j j ; i >*r- 4_lxxxll (Xerogels) 4sL2l diG^L^JI ^ V- 

(jx AxawLixix Cxlxlxc Jjjyla (jc AjLzJI tJj La^lgJI £>3a j).XVl y . 4xjlyi. 4xjlxjj 

cxI.ilx£ j^JVI (Co-condensation) aJt&i j (Co-hydrolysis) JEax 
djChaj-o oljLi-a (Ja.1 ya elhu a ; j ■ >n~. 4 c j;-"> y -dxixll (Alkoxides) 
(Epoxy- yjVI ^jic. Axjxj ^IcA yfc J iSepa Lj(»^ Liajl a" lx.lVi J 1x53 
JalL sac J^U. y, jljjjySilc-liu y2*x <jJ ya abased supports) 

jl.lijjx£jy3 - Ixaj 3ilxx) CxlxjyVI (jlySl >A J y'-" 1 <_j 2I jLiiVI yl . (alilcl jlVip 

cxlxS2UI ya. jjJja ac. jU j GL-7-ACA —II j7u2 a(P-fructosidase) 

(3-— 34 J^U ya 4l:ixx3l ^lc2U l£jLij ((Lactate dehydrogenase) 

aSilanisation— II AAxc J5U. ya aaminopropyl) triethoxysilane 
ejLAxi. jjjL2 aCx jS j 12 (Glutarylaldehyde) JjjIj yCi aA^x-iIL klxial I j 
y xi3 .(7-ACA) 2.2 j y-- yi > . .'1^ yaxc. ^IxjV >1 4 )jj ^ II j »53 >21 j exlx£UI 
a 1 ; j ■ >»r- aIaxxII AiLaJI djLxTAgJl ^gAc IxSjLix G yi^ximll y-LuJ ^xyl Cxxxx 

a JxUJI (jl La£ . 4 jjI ya. Axxlxxj I y 4 . .Vl A 4x11x3 <Jxl3 4xjxa. Cxly-ax a-HacV 

100-OH ^jIjjj _>ia3 cjlj ejGUxxll ojjj^ t"il ny ya (jjSxll aEupergit C 
N,N-— 13 (Co-polmerization)4_La.Uxaia ayaL 4_kJ y 4c >axa > 250pm 
—II j aO lycidy I methacrylate— 31 j amethelene-bis-methacrylamide 
( JxUJl ^\) 4xlAiCLxl aMethacrylamide— 31 > Allyl glycidyl ether 

cTrysinj aPepsin ^jjl ay* > aCjLxyiYI Cuis jJ ya lyuS 
aGlycolatej aGlocoseoxidase j aLipase j aPhosphadiesterasej 
kiUial .L£jLij Penicillin Acylase j Cytidine Deaminase j aAxidase j 
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L£jL£i (Glucose oxidase) jjSjkll ^ ttSili Jl 

Lkjajl^ 4 jj£ ji*ll w * ■•! 1 j..' J' 1 ' sol-gel II ^ ) ^ r - jya \xix^A yyjjjj£ 

(Gold nanoparticles) 4 _jAill c> J A - 3 eA^_ > . i (Pepsin) jy-yjl 
J=>^ <_g:u Jc. (3-aminopropyltrimethoxysilane) APTS —A 

Jl (ji Ux> (Functionalized) 4kLdl (Zeolites) ejy jjJI cjL^L^oYI 

Cjl j^. Ayjlyi j jja-a ‘y> jj-iyA a£jj l-^?- 4_$c- jj 421x3 ( _J (_$ jy^. J~i.a *dac.j 

.^JpVI ly2 II _jS .'Ml ^ 4jjlLo 



Lattice entrapment 



4£yyutlL Jl aua,VI 



J)l». 2 ml Jl y T Al i_Jljall e'lKnti (J^C Cijysdl eiil jA 21 c n fn <— a-iyy 
S-laiLojI (_J-I i^ja *-jl - j t(j jj*sll j3^» 21 j gULall jl 4 ( Jj'A i— A^j2l jyj II jj J 
lL ( Jn2l jl jJjVI i— l£i^}2lj (JjVI ^Jll 1 <i‘lji 4(JA£ (J .'in ( jq% -all) jyaA! 

J t^lc J£ 2 u .(Catalytic site)^y jAU ^ jyi*2l J j2l j lujl jyj 4 jj-=h 

(jyib $4jj3 -Luj (_gj3 Jl (jjyAI jq^.21 V t-An^lly jl VI^AI “Ul^. 



(_Jaay jl Jujy 4jl V] . JIaSlII J j21 j^i ~s jl ^yjjVI ^-liyl _jjj^j jj-a i2Li& 
^5J| CoyS jyiu i. n>.n t." 11 (nil A )Ur. ajjj'iM 421*2 (J iIitMI (_paxj 



l_ jjyj .42de CliLuia jl Clil j-ojj _yo Jj^.j yic. ojl^JSIj (pH) Jy^ jj-lJI 
J j2l ^^3 &^y22l 4yLaC. 22 j (_g jj*2l J9-. all Jj2*jj i_2l jiil (J ;S .'.Vi 

JylU-a (Solidify) J!)U. jx J 442X21 CjI^^JL I*I2jI (In Situ) 



tChitosan) (JjLij j (Alginates ejUyJVI) jj 2 yy 2 j jyc- _> 2 jyil 
4j jjli-Vl) JyjJI J!Ck J t (Polyurethanes 4 Polyvinyl _JI J 
(J^edl) (Carrageenan jLii^.l j'A]l) < u^ Ji jl 4 . nA’ill jl 4 (u 

^■s -> dlLaly Lajly Jjuj 4"'ljC»ll oiiA (JlLa J <lj3yll jjyljua]| jj 4"n-s 4(8.24 

JiC J ijVl ^£ja1\ (Diffusion) jl4^l J j ^&Ij1I J 0 Jlljj i_mll 



. 4 ^ y A* \ 1 
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i jlc- AJUiil Ct[c- .iLi CiLujjSfl jjS! ^s- <U!Lai :7.24 

Peptide bond:4jJjjjj 4 LjI j 
acylhydrazide Jjjl jJjU gamine <jA«l 

vinylsulphony Jaii .epoxide :Alkylation 

N2 Cl -diazonium salt fjAsjVI £l» :(diazo) jjl ^!j ius J 
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A* _j3 j-all 
- Monomer ■ 



- Starter - 



Acrylamide - 
Acrylate derivatives - 
A/-vinyl-2-pyrrolidone 
Vinyl alcohol 



Potassium persulphate - 



Irradiation - 



SJj'j A 3 jA* 

— Solubilised or melted 

oligomer/pre-polymer 

Difunctional acrylates 

(polyglycols; polybutadienes) 

Polyvinyl alcohol — 



Polyacrylamide-hydrazide 

Polyamines (proteins) 

Polyurethane 

Silastic 



4 ■ I K ^ 

Synthetic polyelectrolytes 

Ionic polysaccharides 






Proteins - 

jVjyW ^ »'» ■«'* 

Cellulose/cellulose derivatives - 



L-liL-ai*]! JolU4j j 

— Cross-linking agent — 



N, AT- methylene - 
bisacrylamide 



i ij&’i j-ai c. 

Condensing agent — 

Irradiation (t^) 
Di-aldehydes 
Di-epoxides 
Di- isocyanates 
Water, alcohols, amines 
Stannous octanoate 



LloAL-u 



Covalently 

cross-linked 

polymers 



— Hardening agent — 



Di-aldehydes 

Di-amines 



^ J-W 
Gelling agent 

sjLa* vliU jjl 

Counter ions 



- Polysaccharii 
■ Drying 1 



- Cooling 
: Precipitation ‘ 



Ljjji JjLxj-q 



Ionotropic 

gels 



tfj'j 






Precipitated 

fibres/granules 






Thermal 



C ^ \ Ut\\ J CllLaJ^jVI djV d tilLiA 

A-C-l u^i\l 0 A_!!LoV|j .AlalfiSI 

t(Malic acid) cdJLdl j t(L-IsoleucimL-Aspartic Acid) AiwVl 
\J .sjc A 1 (Acrylamide) .iAAA^' j (Hydroquinone) oA£ jjaA' j 
A (Esterase) ^a^ • I ^U^jpVl Jc. ^>7! AloVI 

^Ja3 (J^l (jx .ibALjSl A jdl j cjLliaJl A *\1 jjj'i’N.'l 

Ac. jL-a^j Ajtajjlj (Ofloxacin butyl ester) A-V 1 JAs£ u^AoS A J 
CiUjA j ‘(Levofloacin) (j^AAA c.Uac)j (Enontioselective) A'j^ 1 
A (Pollulanalase) jUY Ajdl j (Glucoamylase) AA A AA' 

A 4jts ^A^' (j^i •c.tjiill J A”'' ejliiAVi (Beads) <■” 

Ljajl ^ill (Glutarylaldehyde) ajAA' A A AA 0 jUo^l <j ^ >‘*G 
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Jl jj .33 4_J*xll b 3A jl jx jaC-^iHxj . LgxjJj (J*l jx Cxlxn*ll <Jl*x ^J 

. j&a_ail j Jal 4x11*3 jxj j-«JJ IJ jj 4xll*ill W '- J| 

4*jlii <11*3 a j-\"l%x 4 x_jJ2v dll jlia. ^IxjV 4xjia. I 4xjlxll jl 

Cxax Ja.lxjl jSLxj 'in.i^jl C.il.a.l.-a. j -Sol-Gel 11 CxlxiSiJ ^I.WumI Jc 




4jxjl£xx j 4xll ixjS 4 jj1x1 j 4x11*3 Cxli <c.jllx JlfLxlx 1 g »jn^i*i jfLxj 

^^Xvjj JJaj (J IxjlxjxS iS jj*all jq^xll jl VWl J -isl 4 till j Jl <3lxx>l .4x11c. 
jl^xll 4 jjI Jixl jx Jjjj Jill <iixixll Cx^lclixll jx Ixllii jxjj 4"n-s j (jjlij 
$.(_£^)JI J j >J 4_ill*ll 'J.^.lll ^ jl Lx£ .(^xxjjyi ^jxjll 1x1*3 JJaiij 
i$j*- 4xjlixll all* .j_£jjxJl jli^ll (Deactivation) J jlri j* LxaJ jasix 
(Esterificaton) ejixVl cxlAxc J Ija^j iejJ& j <c jiix Jn J i^i.^'.J 
Cxlxlxc. J ji (Lipase) jljll ^l-i^U jxxbii Jll (Synthesis) JuaHI j 
(Horse radish jJjJI jljj ^ jjjj ^jjt laJ jj (Sulphoidation) s^aLJI 
.(Biosensors) <jj^ 1 exlxLxaJI jjJoj J j peroxidase) 

jj J Jjjjjjjj ^x jl Cj/'nl <11*3 aEl£ Kiln all ^jjVi 1 >>>jl <_£ IxS, 
olxxxa. Jc J^-xxJl j 4xjlixll ai* J .(Butyrylcholinesterase) Jj/I 
jxixu jia-all 1 g n > u jj Jja jc Ixjja. <31*ill (Nanparticles) JjjLlI KiljJI 
(j^uxa. Jjkxi Jj i-iUjaxll (Silica-condensing peptide) Kjlj.dl >• j ! iSi 

Jcl i gJi jjjixll (Jli. 4 xjj1xjj ^ajjjyi 4x11*3 »lqn>nl eJlx jl jjil 33 j . 1 JjJI 

• sol-gel II 4 jlxC (Jc- Jill 4xjijxllx 4xJJjx 

4 \\t all L£Lkllj <Klxll lxIxj jjyi xxx Jilja 

Immobilized soluble enzyme and suspended cell methods 

(Biocatalysts 4xjJil cxljiaxxll e~ Js Jl Ja *xxa. j] 

(Jc x'yxj jainli jVI J^ j l 5 Jl' immobilization) 
Jl 4iU^)/lx c (Microenvironment) 4J4II <% Jc j (^jij'l) (jj^ll 
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.(Catalytic) Ajj^ill j (Kinetics) a^j^JI a^L^l aIOUI oiLpaull 

Jc. j CllS j (_£A<g ^ 5 -^ AnUAjJaSl AjIL^j (j-a j 

JSjoi ^ A_ul A_lxic-I AjjJ^JI ^aJ t (Jx-a! jJ-a 

(^j-c A-^Jajoua CjI j cj^lia JiU jl (Hollow fibers) 4a <-iUI 

viiliij .(9.24 J14JI) (Ultrafiltration membrane) (jjUll «.Lic. 

u^' (jJaj (J ^8 j tdl' Vn.a\l iWu' (j_j£La LaiiJ ^jq*\ ^11 ^Ic. c Luii.ll 

(,- n /~n\l 4jjlLo dllA^-a 2 > Jfr oi& ^.aij .4_il jVt lU^^alS 

jq^.41 (JfaJ LaSi jjc. (_ 5 jj^JI jq*\ <\\1 ^Ic. UjLiaj^II l1lU.1*j 3I (jj e~n^» 

• ‘U^ajL-sti. ^ic. 1 ignmio lgj3 




(E) 



<^J> ‘r' s >* 



-e- 



qua 



Clllj A_iljVl Aj-ald S jjhoj Ajj-uLLc AiL]^)ia]l aAA 

jjljluJIj caKiJI j£. J ji£1\ (Molecular weight) 

L_i£^a1Ij (_5 J) J *\ \\ A,\\ (j±l (J^jj J ^-<Uajl La£ tdAjjJ 

6 u^j *^jVI cijUS^i] JUi i 3 ^? (Substrate) 

<LajlLa A •sjTi^ (Jc-lioll (J-lx-a ^9 ^paU'stVl AdlfLaJ Aij^lall &.AA AL-atldl 

J / j ^ jjaJI jia^Jl (Adsorption) (j-aL^<d j $ (Permeability) AjiUiiJ *L£Jdl 

Ciiiiil! dLiLaC. ^j-a ^ I ^A .1^. J . £ Loiidl ^Jajuj ^Ic- 0 JAa]| j ^ L_l£^)-a]l 

Jajail^J ^(JjA. \W Clu^j Cl (Jxa^ Cl] ^3 dlflAilai 
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— (jjiVI Jyy J/'j ‘ "') AjjUliII dlddLI Jj (Lipases) jl J' dLajjjl 

jib jjjJI dLu jjl CkJ jj ((Acetylphenylalanine-Leucinamide) jUl 
J^al jIaII ^IbYl :(_£jhjn 4 'I aJjaVI juJajj .Ajdac. JaLoji (Proteases) 
(Intermediate) jll sjSjaII .A cj' iR-(-)-Phenylacetylcarbinol _ 1 
dil i jjjdl jAid; .jjjllp ^Idd-L (Ephedrine) jyjdaJ J d-LaVi 

(jjb.innjll jL-iJ f.ldedU G jjludnyi JJd ‘(Pyrovate decarboxilase) 
-L Jl (Fumaric acid) JjjLa jail Jjd ‘(Penicillin acyelase) 

jjjll JJb ‘(Fumarase) jl jLa jail CkJ jj (F-malic acid) liULdl 

.(Xylanases) jAujll d ilajjjL jia^ll (Xylan) 

L£LaJI djj j jXjjJVt SJJjua .s-ili CiuiuTi 

Immobilization of multi enzyme systems and Cells 

t4*'n a\I jl a j dl tAj-lJll ^ajjjVl Jl Ljall dliij*Aill dd (jj 

a A jj£i .(Singe- step tans formation) SdJ jll a jkblL J jdll Jip jd 

‘bjlj^ll 4 n.lll 4 J ' (jA Ljc-jaII jd dV jdill J jjjLII addi Adjd-all 

(Co-factors) Sjc-LaaII JaI j*JI ddb JLkb jll ili (Thermodnamic) 
(Phsphorelation # Juill j (Redox reactions) sbjaJI d^lelbs; t(a j_y6u 
jjAoaAll ^ jjVI (Jc-laill jl jjSI ja Li£aa1I J jLJI jAd jA j .reactions) 
ad. J jjbVl Jjdll I^A je. ^jj-aiill dl . jb (^J-Ajjjl (Jc-Uj ji JLajS Je.liiij 
(NAD(P), ATP-dependent _JI J NAD(P)_ll dlb> Je Abel dl j Je 
dLS jaII (jA dLujjVl j>A JbCdL 4 systems) ATP 

Lade, iiiildj . .{») LJ djli SxLa JaI jc. Jl AaLdVL t(Substrates) aJjVI 
JaIxII J J — ale jll (j.iiyi LaaI jj CijjaJI dV jbill jA J£l jl jililAC. .'i» 
(Thermodynamic CjjljaJI JAajJI dbjjjll (^-bjjl) Jjbil jl tdluiAll 
4 L;,„ jll dULioll Jjjd . . '>j Ajli — CiLudl dLjldial dbl jl 4 equilibria) 

(Co- 4 'd 1^1 aII dLojjA/l L " \\y' 4 ;b»l JaL^aII jA 4 (jl J * nil Id ^3 .Ae-JAOJ 
4 L .. . . J dbSjAll jlbml dl JAA jA 4. L V 1 jl immobilization) 
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dl JdJI djj ^(Active sites) ALill Jljdl j±i (Intermediates) 

a* 1U JSUla jld Jdl Aa J V) . (Rate-lmiting steps)J&ldl Jd-d adadl 
I a ■ >■» ' Jl o-lC-Ladl (J»al ^dl j dLajjjVI Jji (j-a ^ ‘ dl Jjdl dA Jxlil 
Ja ^j]l I A ( Jc- Jlldl j . I l^dl (Ja-3 jjII I d. ^ i dl ^y ^jll J 4 ^jdjJI 

Jldl) (L-tertiary leucine) L- A*-d J JiO J1I jid d Omill 
.•JJudl j! jdl ^-Idl (Chiral) jl^jdl jd nil ^ A » ^ j jAj t( 10.24 

(Multi-enzyme systems) dj , jVl sjA. Jdl did j J j 
Ji CL _JLa dl iimVi Jl a il-sll diU-ui ..!■>. J jl CUdl IdAdl J A j *. jdl 
J .Adudl jl Ajidl Almdl dLaJ_j/l j\ o^adl IdAdl ^aLVi. A AJLa A A» 11 
dYldlj Cjjj^da A jAII AjJi. (jj£j J^l dVLdl (jjj (jjjjijll ^ 1 4jl 

(j-a J*. dl jdVuna^ 4u^. Jjc. Ao^u Jus jl Addll IdAdl ^A'An Jill 

. (Single-activity biocatalysts) SdJ J CJUill dlL Aju=JI dljAdl 

i"n% ; A.uiU. 11 ^ CjjjAj ijl£dl £»a Jalatdl . J jVI Aid J 

A '. ^ J — t ^ If-. t-J, Q*V l l f l-v I ^ * J I ^ \ /\f— . tl r\ ^ L '. ' I I 0 1 \ ^ 1 >• \ , A l l d\ I Q • 111 I \ ' ' 1 ' 1 ^ \ \ * 

IdAd A Lull JJ jj<aVill i" il Ac. £_a Jludl Jlui Jc lAld oi& Jl jjj .A ild 

(Anchorage- sLja Jc odu*dl Aud lAldl Ac jj ^ j Addl 

•dependent) 

(Immobilized, Ad/ jjc. <iAJI LbUJI ^ Jldd ijC^Vl ^ 
dLLt ud Ja.1 •djiidl dlajjjYI dud ^3 non-vicible cell systems) 
dLujjVI c-Uidl j (Catalytic stability) Ajuidll Culdl sAjl jl CilfLdl Aiiill 
Jl C>UJI jjj j-a ijk I <3l*i dj (Lattice-entrapped) CddA *\\ 

^al ddal (jdu ; Cj ^audl dl ja ^ ^11 yjl I A ^3 . a_lili]l •daUud ^ L ud 

Aji J (j^s djl lu t(jxi (Jdd dLajJjj^iU CauAuadl JaluJjVIjl jlddCUl dl £ I 
Jl CaLd) - iSj ).''' " A^dl ,_ya (jjj dj (JS1 dLukluiVI ( J jjdlidil d d l*j jla 

c(Diffusional resistances) jUdVI La jlL» jjjA? ^ Jdl ^LiiJI JL udli 
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j! i ijj's *nMI ^jc. AjjlijJI S^Ujl CIiL^JIx-g jLi^VI L-llc-l ^9 c t i\ Wn La* 

jLoj CjUJU^JI 6^a Jio jl .CjUjUI J (Surfactants) LS ^Ja J JI jjjjII ciiLjaik* 

jaII 4_i*jjjVl l_jjI^joi]I 4_i]Lxi (JjJajtli] Ljajl 4jj)U-i* U 

(Single-activity) S-i*.! jll AJUill Cil j Aliloll ajjUJI ci> jl <JWY4 

JaJjJaj IjjjjjJa <al£^l ^j-aLLjl Lg_i9 U_9^ C* n*\ t A-jC-1 *u^i\l dlLli^alll AjjujLLo ^A 

■ tj-ukfl aLU I jja! ^■■i^j^dll ClUl jaJ La£ ‘CiLaxil 

(Glucose isomerase) jjSjiill bibs j£*j 

JbL (Intracellular) "<_s jli. Jbb" Lajjjl <j Jy ‘basalt j bi&lbbl bl laVI 

Jc jl^a.iuilj l^allVnul {_$ bn-s ^l=Lu <1 A Vi ull Lj^LiJI C'ni"n t4iKll 

.(Packed bed reactors) I j* ill b2bclLa J ^iL-all ^juuJI 

JLilljj t(_£ J.VI dlLaJ jj^l ~ jU-v'il jj-s ..nib V~ll -sll » A' bL Jail oi& l"llxu>i' b j 
d j W I' ^ JjJ . (jj!i£jJ]l) 0jiallj (jJ_ji*JI) jJjVI < ' 5jbl ^ iLiV] i_uyj 
. ^cl H^>ll (Jly-all ^9 *Ca, W"n.i.a\l oi& bni'nll 4bija Jlc c£.yb.l blllal 5.24 

buajlaak j ^jj jSM CjU£ ,ja. J Oj/nll jjjb 3.3.24 

Effect of immobilization on enzyme kinetics and properties 

j£uaj V nnMI jl V] tljly. 1-liLa jj£L jl j£uu ^jJVI bniTi jl j>i J.JL 

b sjLc. t ^j£U <_$ jj ^uajbai j (Enzyme kinetics) bAJja. LbJ jyu jl 
jl jbu j .(Enzyme specificity) ^jjjVl by. y bJUi J LjaUibl jj£j 
(H) t(Steric effect) bj&l Jllj JfLbll cb jb (I) :JJ jc s^c. J! lb 

. jLujjjVlj •dj^ll tjlalljl biljylj (III) j (JjJjII biljylj 

Conformational and steric effects bjc.1 Jllj J£4tll bil j2ib 

Jll t (Enzymes specificity) bbajjjVl by. y <2l»i jbubb jl 

Jjaj Lay ^jjj^l dltjjj^ yljl bj .Vic, jl A ). ^>11 ^jlc4L JaLjj'VI Jb. ^gS Lai 

bmJI (j jiow, ^gk. jajjjYl (Confonnation) JbL Jl s^lc 
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4j£jL2u]I lut jjll jLu t JllaJI Jjf-o. Jt. .(Tertiary structure) aj!\j3I 

CuLLli ^ iv'iii Jtiiijj Ij^uj i. i±uo (ji Ljliaii j fjjp)!] (jjj Laiij 

Lib ji (jiaj IS .fjjjVI (Ative site) Jl*ill bLuVl 

^3 (Reagents)'-Li' ySJI jLLj ^jjbU (Denaturation) 

.(Entrapment) jjI 

Lcllua <i<p Jjjaj bjLLc- ^ a <A.", ,. a a ' y a 4 JUIS Lpli 4JlaS : 5.24 JjbaJt 



UJAjjj' j' 





\ j^ 


<43^ 


— uj-^VI C y* L 






L — DL 

^ JS\A (j-G 1 


jLbil 


Escherichia coli 








cjL -Cis ^LjJ 
t> (Dihdrodiol) JjjIj jjajU 


jLbil 


Escherichia coli, 
Pseudomonas putida 


jAi&l (jA c-Lall AiLbal 

-5 (jJi (Adiponitrilc)AjA 

(Cyanovalermide) 3^1 jJli jjUo. 


jLbil 


Pseudomonas 

chlororaphis 


Vi 


JaLij jl 


Saccharomyces 

cerevisiae 




jLbil 


Rhodococcus 
rhodochrous Jl 


jjLlui-3 

ai^Ujj jlu J) (3-Cyanopiridine) 


jUiJ 


Rhodococcus 
rhodochrous Jl 


(Nicotinamide) 
Cis S-(-)-Limonene 
carvone j transcarveol j 


jLbil 


Solanum aviculare 

j 

dioscoreadel to idea 


Jj (Sitosterol) Jjjii, 


^JajaJlj -laiij jl 


Mycobacterium sp. 
NRRL B-3805 
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(Androstenedione) 

d_lj di-il ^wa-a^. j (j ‘ ' Adjl 

j j jd did jxi 

(ja jj JAja~L Add 
(J^jLu-dl j 



(Chloramadinone) j>ud 

t-'Vn.AH Jl 

^lajl c(Deladinone acetate) 
i> (Predniolone) j 4 

(Cortisol) J j jii jj^ll 



ajIjjJVI j-a J^dll 



jdcia.1 Zymomonas mobilis 

jUla.1 Pseudomonas AMI 



Arthrobacter 

jUdA j simplex 

Bacillus sphaericus 



, u . u l Saccharomyces 

J ' cerevisiae 



(Steric (J-I Jll (jjjl*JI JJ <jc. jll (jAg-Sil I ><yil (j£uadl o^j 

Jl (Substrate) JJ/I s-^jdl J>~aj ^ la hindrance) 

.Jl jV 1 JiltS A jl j-ojWl jHall t jjjilaJI (jJjlA ^il . Jlaill J jdl 

.Ajjailldl d l ; /Till Jajjjoi jLnkl (j-o Jia. jl t JlA/l Uds. 

la£ . Jn-all jl .J jl\ i__l£I^Jlj jl 4(_j*aLi. linai jll CJlaJ j£j»a Jlaa. jj- aJ 

ujiuu -jdl ^Idl Ja (> (Shielding effect) a_i^dl Jib (ji^j 

^4 Jc. fldV (Spacers) dj/je Lu> JUJ S^L ^ J&ljAil Jl j*ll 

CdLli djl£^}-a (JUkjj jjjja id 34 ® . ^frldl jpa A \ la a j e J, W -a “CsLuix 

(1,6- ^Iddl i j±Jl\ JIj -1,6 Ja ‘(Bifunctional) 4iJJI 

^djlddl jijaVl A^UJ AJUall cubjl t^Lud 4 di ami nohexane) 
.i_ilxdal Sjaic. jAj JaLali ISJudl (Glucoamylase) jhlal & Jc. 

dAlelij (jS-aj t^jVI (Activity) Alii J UJil Jj 4ildal 
Aulaijl Jldal iJfLou ^Ju (jl i__illall j ^jjVI jyj AulauSi jl Cijljjja Ablila 

.(J jU .all ^jadl ^jjVI (_^d 1 ja } *i fa ^h, lac. Ja^jjAl aJ jVI AjjLu j 
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Partition effects 



Jjjiufl bil jjU 



Jajj bU A (Hydrophobic) <iLJ3 U J b j^ ^ ^c-lbl (j-J^ Lobe- 
(Enzyme ^ jA' bl jLu i b';-y ; jl bA 0 -^' bla c^lbb ^jA' 

, 4 jj£ll Jliiji ciiljjjb i_ibc. be. j^JI A j* tbc. ‘•“ kinetics) 

(jx -Callba jj£l jj Jj^.j bjjaill ibl jbb A) LojaC. i oN'^VI |b& J j*j 

ciibjjl j tt-i UV'b i j t 5b jV I CjbSj^ll j ^(Charged species) A j^bbl Jjb-aiil 
^jjAU (Microenvironment) ALabl AA I A tjJ... Ja^jjbA j bt^jjbA 
kjSbtbajjjlill .b. jj Lui t(Bulk solution) J jla-dl Aj£ J dblbl 

.^Ibl ^ AAa Cjb^Ji <bb (Electrostatic) 

^3^)11 A Jjab a A Ajbill djljijb] 4jjqlbalV I b it » nil (j) 

CnAll ^ajjAU ^ 1J-S jjbgb Allbti f.LaJjj (JlSdjl £-0 t(JjbVI ^ n-s jjbgj 
J (jaJill AuLi JJ j^JI cbl£ lb J&A (Alkaline pH values) AjS' abb 
. AuUJ JJ j^JI bbl£ lb j!£VI (Acid pH values) AbajoMI abb 

(j..U.iLUJJj<'J < sll ajjj^ (JAM ^,'n-s jjbfrl' AA (Jjbb 4(JliLall (Jjfail A c. 

Aabill t_Jbdl Jjj^I JbCb ^b A^ cimJI (Chemotrypsin) 

(Ethylene) bAAV' :<A>AA' t> jA-A' - (Polyanionic support) 
k^aJI jab (o^j 1) abb j a^j - (Maleic anhydride) bLbbbl bjb$i j 

A ' Ml L_ia> jMI (jjjbSJI JbClo ^c-b ^gic. ClfLall bllj Laiu $ Ajlall 

- (Polyornithine) jAp. j 3 \ Aj 9 <> uA-A' _ (Polycationic support) 

.■Cbaj,oMI jab ab>. j 1 .5 (J j Vn3 

jl tA jabball bjlA^all f -»J)V' bAaJ ilgjl j bjl jliic-M (j -0 liALajl j 

(j j£j Lq.Vi»3 . (Jjl*s all MAj (j jsooibl jjV I bW 1 ^bibl jl A ^ jAI 

-bli iA \~\ > : MI C'l/bll >, „\\ j dW bll ^Lajl AA^ 

tba 4ii3bll A \ ; b jl Ajatbajbl A.libl kbjVl ajLall ^A^^ A^A lA" (Jj 1 *^ 1 ***" 
blh A inn 'll bilbtai] (A^ AuS iA 5 " J j-^aabl jbj LaS t JjlaAl ^^3 jA 
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ja. jj La^jc. <jl Vj .(Neutral) jaJjll JjUia Jli J . .t 3JU. J Jv'n Jli 

^JSjll J (^bjjl) Jj) tilliA jj£j VI jjjcjl jxi 3 ijjijll JJ C CjIjjjIj 

. ^frlj Jc ev'ull ajjjVu JiLaVI (pH) Jus. jjaJI 

Mass transfer effects 41&11 JlSiil Cil jjjU 



tllljjjlj] j£LaJI jji Ajli l JL <3 L-illS J jl Jc ^ajjjVI l"n"n LoJUC 
t> JjVI jJJ Vi V 4iV Jjjj jl (Mass transfer effects)<l^l Jlijjl 
(Active site) JUill J J' Jl (Bulk solution) Jjl=^ll j* jj jl 

dlljjjlj jli tJoLoja JJC ^jlc-ju llaJJjx ^ajjjVI jl£ ilj .CiiLall ^jjjVI J 
^g 3 j $Li jiA'i JtLjl ^g^jLaJI JajjJI jJjj *■“ n-s Jaa 3 <ja.jLi. ^Jh A Vi^ll Jlajjl 
JJC- jVliijjj 0 jjJI j JjVI J-jjJI jli t^lj c L> m»j Hala^o 4 jj£i ijclijl a 

(jji ja jLiaNI I J kj jJI o Jli jl .(Diffusion) jLiiNU Nemst kaA. 

.^CJJaII J JjVI l— j£jjl j^Q (JjN jail kLjj Jjujl jjj jj£jj]l 



(Jlajjl CjIjjIj Jj 4il_JaVlj Ajla t^g-oLjjj ^clj Jc JpVI Cjjjj <Jla. J Lei 

^J^l jl jUojVI Juja .jjjljLa Ljajl jjajl jjs 4<j£jsjl <J^jlaJI jjjji 

-LajlLoj (j^jjjVI Jl J-aj ^gJJk j_ijij]l JJC Ujljjjl (JLLa. ijlij) JjVI i— jSjjill 

j^J J j-l^J Lili <jli itillil 4 ajjj£ j .(J jla-dl 4_1 j£ jaJ jLjjjjl JjJa 

^jaL U* tLjjSlI <J*.b (Substrate concentration gradient) JjVl 

j^Vinio 4_ilc. c " j -a ^ ^a*JI AiLuj-dl jj£ jj]I jialiaJl 

. jjj£lx-dl (Jjli-dl 0 j1a1I jj£jj j-laj ^ic- (J jj-aaJI ^aJJ La£ . 



Jc-lijll <tsil JlSij! 

^j! J j c_j jijll ^ jVI c_iSj-dl jlallujl jljjc-Vb jA j 6 ^-ojjjVI 

(Jc-lioll jb ( L-JJjaill jjdiilj 4jl .fjj£U ^j-«a 4iLaiJI 

J JLqjxj tcillijj . IjJqjl jJa^ n 

.^^ 2 a.jLiJI ^Jajoi j-a < 9 Loia 1 I 
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Miscellaneous effects 



4* Jla uIjjjIj 



jjijj . -Gj n"l I Jail .lie. (jl jfLaJ fjjjyd <_£j.l 



JllJ. (jjj Jjl .Gc. (_>aAA J 4 JjL/l oliJ AJC. jj]l 

. jLiijV' CjLs jli« j (Steric hindrance) I jail Jbdl j±fc> J±l <> ijja 
(Kinetic ajSLI^JI ciul j!i]l Ji Viim (_5.1l ajj^H *■. in.n 4jl La£ 



(Michaelis-Menten) J±n^ GuL J) Km j Vm constants) 

4c.jjoiJ (J-a*J j£l A_ilj ^LtaJ (_ 5 .ill ^JjVI L_j£^all _jAj (_JjLall 

^jjj^l (_ 5 .ll jll 411 j c ' < »V'l~ ; v~' ClilLail ^jLU ((_ 5 jj-^akll “Gc . jjoi 1 L,Vll AjjLom 

J) “iilGaJ . JjVI i_iSJallj ^JL/I (jjj (Affinity) Aiff^l J jjjj Lm tj^JI 

J> 

(jl (jSLaJ Jill j 1 g"ijH A 5iUa J a-lljj <ifLall CllLajjL/l Jaaj jg h'i 4 till j) 
.4xaLui-all Jlc-.lll ^I,Wh>iI .lie. A » A -s 4 jLliijL/l CjLajLLa Jl 



Synthesis of chemicals CjLjLuSi) 4.24 

Synthesis of oligosaccharides cjLjIuJI c£Llia jaiuaj 1.4.24 

'-iaa-a liG^> (Oligosaccharides) CiLJ^J c^LJa JlGi 

s= > 

Jill (Glycobiology) Ja-JILUII U?JjJI J IjLiS, ^VuG j* j tCjl£jJI 

Cllt jlrdl SliX 2JUj 4_ag_a yi> ( jl_uu£JI £_ijj^ajll J . 4iil& 4_nia lGIsjjJsl) GlVl-a'l 

AjjlLa j *_gj^=ull Jjtij La t (Multi-step) 

JUiil J& (Glycosyltransferases) JjjjSLLlill oHiL cjLuji 
(Saccharide cLjUl oLLli Jl (Monosaccharide) CjLjUI (_ 5 .iUi 
jxaVl jy&LUl JjIiJ ^Lil j* tSllj J& a 1 laVl j .acceptors) 

4-glycosyl t(P _ l 1,4-1% AiaU ^l^iuL (Acetyllactosamine) 

* 

ciiLc-Lj j# a_iL^a3l jjfdl ^ n.-^l ^jjjVI IL& ^Aiiuil .ail .transferase) 

f 

Cu.iVu J LaS .(Sepharose) jjjliJI Jla J& (Tetrasccharides) CjLjUI 
cLLLiajS 4.ia,.^»ll AjJjjJLLdl CllUaliijYI e-LLiV JjjLLliJI CjLlaL djLojjjl Ljoji 
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CjliijjjLs-llnlt j (a-sialosides) Cjljul jjllixi-liWI Jj< ^ 4 -iuialdl ^U"'< 

(B-1,4- 1,4-tiu klaU 4 -kJ jj c(P-mannosides) 

^ # 

JjiiJ-N-l,3 - ti“ Cj^U '."'x.wU ilj^y .monosyltransferase) 

(P-l,3-N-acetylglocosaminyltransferases) JjjjxI jjSjlc. 
4 ilS j Sjjb c£laU jl jjc. .(Polylactosamine) jjxl j j&)2 

. CjIj£jx]I jx Ia jjC. ^Jl 4 xjxj]Ij jx ^-A <3 j^l l^jljSjx 

> 

Jjkilt CjliLt ^ (Glycosidases) jl-^jjSAUdl Cilxjji c'u.-iViJ Al 
(Tansglycosidation) JjjjSAUll Jii J ( jjl jjII Ja jxJaxll j/uA'ill) 

kjjij ^A jl£x (J£ ^-3 eA jxll CjLajjjVI bAA . (Llfaj^- 4 Uj i.^all ClL)lc.lij]l) 
kljjiJI Clll jlxc. Cldjc. -3 j - 4 ij , II CaU-iAxII Jx^jj jl l^jlSxljj lAaa. 4 li .'.'1 < j 
4_IaJ jj Jajl jlxll AjI jjSjill i_l£jx (FuCOSidaSC) jlAjjjSjall ^>jjji I jAF * 1 

(P- (AjJpl j 3-linked fucoside), (A-l 1,3-latf 

-1,6-USij - 1 , 6 -djj j 4 - 1 , 4 -IIijj 4 - 1 , 3 -tiij jx 5 ;n^il Galactosidase) 

# > 

CiUjUI cjiUiS .(Galactoside) 

.4 > ^ (Precursors) AilLuj ^ (JjjVill La-a l_£)Lk]l 

S= f 

CjL^)Sxdl ciiAda JUi JSxij Liiljj 4jxAj£x!l E.coli lAA 

l$Jj ^JLiaxll (Analogues) 1 $jI jAe j (Chitooligoszccharides) Gnj,A 

4c.jx^x l^jll ^jUxaxll jl (O-acetylated) jj^j - - S A' ^ ja Aic. (J A * I 4c.jx^x 

4j(_Jalj|ix kjjlixll bAA IgAV) ^ lliA 1 Cjl^UaC- (jl JJC- .(Sulphate) Cl UJjAl 

£jj>xaj]l JA jx LijL-au3l j ; i Will 4 IA 3 jjc. I g l» ; Lxx ‘ (** j» ■ .' %40 II Jjjj) 

•£-*dj (jlLj (^Ifr 

^ Uxjjjl iAjLj£x4I cALila VM.WnJ jiiSyi 4Jlii]l jLiAtj 

ejlxj jji ^ cxLujjVl baa j .(Glycosynthases) jliijfx jSAUdl caUa jjl dAieiJ 
eiiVLAll (jxw j jjjxux ^jic. 4 _^al^. sjjjxaj a j qJ-a x (Glycosidases) jlAjjjSj^kc. 

A.lLiIxC- jV uaIIajj .l^lkj jl JJC. jx jklj tCllljjSxdl Cj^kila j ' . ' aAAa-all 

jaj gjjxll jx 4 _Jlc. ejlallac. jli tl^jjjej ^ 4 jjc.jx 1 I jit. (Hydrolysis) JjI^iSI 



987 



dlxjjjl (jx - j ■ W ^ JJlC. Jl Jdxll IjlA ^3 (_£.AjJ (Jx*JI (_£.}l .l^xlc. (J j;- II 
dldlx jx lilljj dLjkaxll d^Lls (jx 4li£dj ^llil Jc. Sj-ilall jldixiJJJI 
t4jjlaxll o-J ( _gAnlajll (Jdxll £JxujJ 4_uuj .JLx J£d ajjlxll Jj jJAliil 

^HiV (Glycoside hydrolases) .ijjjSAUll jV jj-^ <jx dlxjjjl sac. j^iki 

Cl jjl jluill Jxdl dljia Ju jkjxll dMiis £_iidij jldlxijSAlill dlxJ jjl 

-4 J ccellulosligosaceharides) 4-linked c(3-l— 1,4— dijj kjl jjj kkJjixll 
(4-nitrophcnyl-(l-^-iixVI j JAil JdJ -1% - Jda jjd 

J -1,3-Ijjj J»jI jjj kkjljidl dbjUl CjLcIjj J <acetyllactosamine) 
— Ijjj j!— l,3 _ liu -LJjjj <kjljidl (Mannosides) dl-iijjjlxil j! t— 1 ,6 — Id 
tjx %60 J& G J& JjxxiiJI c n\ .(Glycans) dUlSAUJI jl — 1,4 

.^IxNI dlc-liaC- 

dYGj jklaj ji -}a3 l jl'l n > »i jflAUdl dlxjjjl dliuxal jx jjjxdj (j^.1 j xj 

<aLdl 4j\xC. Cillai o-lLlj Jl Idld (_£.}jj jll dlxjjjVI o^A J jj£I 
da j (ji=Lii=ajj t J&I rkl dCLLc. j i(Glycsylation) Jj j JAUJ 

.£ajjI ^Ijjl Jkj (jjidj Jc-liill 

^lxj| Jft ojjlii jlJjjfLAlidl (jx dlxjjjl J& (Jj» .0^.11 d^iyjx 

alxjxxll tkjjjidl dil jGxll oiAj .(Thioglycoside) 
jxa.xi 4 ky'ijxll Cilijxdl a.ikixj (Thioglycoligases) jfiAlc. jjlii 
(Nucleophilic) jj jdj Ad J&I ^ Jll (SH-sugars) JjJjI! 

.(OH-sugars) JxjxSjjJI kc. xi ^Jd^x!! dbJxJI (jx 



AjjoaJI d&l^^ill J C-C *Uaj| j ^~>.wuoi 2.4.24 
Synthesis of C-C bonds in biotransformation 

4j» lu^i'ill »' 1 x> 1*311 ^3 (_ jxl _jA C _ C -klljJ ^ II ^i'u«nMI (jl 
jl » jlll dlxjjjl A 3-i a >il Lljja, C-C -kjljj £_ldaj jll iljaxjk .Cl_jdu«JI 

jli tsU43 .od.Lxx Jxl kaKxll ATP II dlijja. JLii ^Jl (Ligases) 
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jV jjjS j ((Trans)aldolase) jV j-iSI (^Ijj)— £ csjvVl yyjjVI 

.ljIjaVi Jld ^_a t ATP V ^1 t((Trans) ketolase) 

’ijiuiLa kalLoi Cjl_£j* ^l"l Vl jVj-ilVI ClsLajjjl ^->h» -a (jli uil]j j 

CjILoj ija-5 - jjjj' j^jLj- 2 ^ jjl jH t(Phoshorelated precursors) 
jrtijj Val^vU (j£*j (2-deoxyribose-5-phosphate aldolase) jV j2V 
<— j! j (jjS J _> v Vn^ ja j (Epothilones) (JjLIj j^V' 

. jiuiLa i_l5S^a V^LaJI jjc. (j“° ijjlJajxul] sjL Joa qa ajl 

jV ji£ ja ^ill dPyrovate decarboxilase) cjli jjjJI j^Uo£jjjl£j.i 
Jjiialt u£j< ^inV' yu. Vol.i-s'niil tC-C vlajljl ^iali (Ketolase) 
j-yi -S^ ,jll (Phenylacetylcarbinol) J AjjA 

jjlgjall jiull j (Acetaldehyde) y^2yyd J cjli jjjJI <> t(Ephedrine) 
y_i3jjyi ^ .(Benzaldehyde) 

SI (jji; j-yj elL*j tjjjjill .iu^jI j ^l^j^SlluuVI Ja (Pyrvic acid) 

(Benzoylformate CjyjjiLjjiull jL^j U£ .%80 

j (Carboligation) ^ >?j^S' decarboxylase) 

a ^.*i^si Aj> \ ,y si jjc cjIjjI^jjIVI j (Cyclic aldehydes) CjalaJ! yy^yV' 

.(Acetaldehydes) y^liuaVl £* 

\ g SjjmYl idlljiyi QA SA-sal klj^Juall idlLajyjVI oiA i"ll (jj 

Saccharomyces j t Escherichia coli l$i& jiuCiSI j (Id jK) 

Ja.1 <> <*iU Cjji. dil jy-o t Pichia pastoris j cerevisiae 

jl=>y ^iSI t(S-R-cyanohydrins) Rj -S ejliijiiU jjUu. ^ 
(a-hydroxycarboxylic Jjd ^jlill jjjjA-liSI ^/i.Vil yyi 

Jj=ySI ynJ -1,2 J t(a-amino acids) lili-C^VI (j^U^I J tacid) 
.(1,2-diamines) j^Vl cAAJj- 1,2 J (1,2-aminoalcohols) 
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(Enontiomers) AjjT >»ll ^ ^ jjaJ! Jia-JI 


:6.24 Jj-iadl 


Ee 

(%) 


<VUadl 


gVuti 






98< 


85< 


J j^-(R) 


4-Benzyloxy-3- 

methanesulfonylamino- 

T- 

Bromoacetophenone 


Sphingomonas 

paucimobilis 


98 


(i) 48 


i_K t ^“(S) 


Methyl-phenylalanine 

amide 


Mycobacterium 

neoaurum 


96 


96.7 


-(S) 

ji-V' 


Methyl-(4- 
methoxypheny 1) - 
propanedioic acid, ethyl 
diester 


j)\ ^ n * nV ' 

^24=2* 






-Cis 






99 


- 


-(1S,2R) 

(Cis- 

(1S,2R)- 

indandiol) 


Indene 


Rhodococcus 
MB 5655 






-Trans 






98 


- 


-(1R,2R) 

(Trans- 

(1R,2R)- 

indandiol) 


Indene 


Rhodococcus 
MA 7205 


95 


(i) 45 


J i^J-(R) 
((R)-diol) 


l-{2’,3’-dihydro- 

benzo[P]furan-4’-L}- 

1,2-oxirane 


Aspergillus 

nigert 

Rhodotorula 

glutinis 


99 


48< 


J j^-(S) 


(3R)-cis-3-acetyloxy-4- 
(1,1 -dimethylethyl)-2- 
azetidinone 


d \f\A jllll 



. (j jiaii! AaJI %50 ^ 
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jJaLnll 4_4j.sc. aJsujij CjLiS ja 3.4.24 

Synthesis of chiral intermediates 

jloLull ^l-Satll A i . A js. ^gie AjjA/I (3"° -SJ-1*AI 421x3 (j) 

(ji (Enontiomer) a*.I j <^1 j* jjls La 121 & aiV t (Chirality) 

.4jjik2l 421*111 dilioj ^21 ja (Racemic mixture) y-aAJjll ^j> 2I 
4jjlajjl dlL (jLta.VI Ll^Jjll a jA all dLlc.li2l j 

La tjjjJlc (Regio selectivity) 4ji.li 42 1321 j (Streoselectivity) 4j&I j3 
CiLjLoj£ j ^gjl j2l ^Lj Lilli ^.AinSc JojLjjj ^Lil)/ 411x3 oIaI 4jjUL2l a La j i 

^ilm'i ^g3 A-jjJ-y|l dll j3^» -all ^I.S-Cnnl ^glc AjElaL/1 (_p=ixj 6.24 (JjAiJI |»a3j .AjjjSA 
.^gjl^all jlall2l 4 ajAx^j Aa_uL 2 CllLlSjx] Ai.1 j ^gjl jx ^jL_ous 

dll Vajjll o ja-v 21 ClLSlelidll <_£ ji.YI VilanWllI ^jJaj 

IIS tiaxCall 4 jjaI A2ll J^l jgjijxll jLJ, 'nil 4jAxi2l (SyiltllOIlS) 

-, iU-Tn (Multi-enzyme process) dLajjiVl iAAxla 4jlae ^2 tOmapatrilat 
cCiiLau j j22 ~s s .l . >.21 4 j j-L 1 j s ]\[ A D/N A D 1 1 AeLot2l 22 x11 aa2j 
L i-41 (j^Sj (jj jjji Ale (Protease) jl2 j j2l ^ jil AA <j2l tCrixivan— US 
(Reverse ^^Sxll jy-lill ^21321 AA jAj tAbacavir— II J t(HIV) 
aAII <_jI$j 3I <_>« jjji j HIV (_>- jjji dUL_al <> ^LUll ?sdj transcriptase) 
i(Herpes) c-Ujill ^LLd ^.ssdaJI tLobucavir J ^(Hepatitis B) B ^jill (> 

tpaclitaxel IIS t<jUaj*21 SaLs-AI 4jjaYIj i Jj jjIuJjSU SaLax2I 4jjaVIj 

(- J <■ (Micro tubulin) dUmiVl j 2 j j2 depolymerization —II 42xxl AA2I 
jjll Aluxa j 4cLloL CulS J2x. ja j a )- 1 5-dcoxyspcrgualin 

(Acylion tblnAjj^SlI jiu>V <■ ViSllI a iEc. ^yA'l (jSxj 
(Pyrovate dlajjjjll jLLid, jjjISja ^jil Lai ^IaaaL condensation) 
dLojja JjjjAfll jLLcjSjj jISja ^jjl jl to jj - oV I (_yo decarboxilase) 
JasII jLLcaS jjjISja jojjii J <_$ jjjSjII (Benzoylformate decarboxilase) 
(Acyloins) dldjliuiVl j] .(Phenylpyruvate decarboxylase) d'i jjjj 
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gi Ajjlila i(A-Hydroxyketones) CjU ji£ jjAiA-Ult gdll 

-3j*j (gjlll Culiill Clip. (j-Q j;pJI 1 g »J n .on 

cdbc*ji] ^ jILaII (Chiral center) gdi jJI jialiill ^c*jV na.1 j jS^a cjpj 

(jjj ^r'n-ail (jn jlaLiil! ^ -.*..Vi isJ j (JSdu <j.>.n‘) .“CsL-aaVi 

.Culiijyi CJlc. cdlc-lii .lajj ciiLajjjVI (jl (gic. J-ij Lm c%98— %87 

Redox biocatalysis SuljiJ) GUI**! ^ jaaJl jjiadSI 4.4.24 

djLLuu jjj j Jldi (Redox reactions) s.d jiJI cjM&Uj .kujj 
(Stereo-Cj&'jail J (Regio-selectivity) Cpiiil dip. HiiVl 

jljdl i(Enontio-selectivity) CiiTjJI jL^udl J\ selectivity) 

2 * 

Cldlelii]! ailA jisJj .4 -JjA/Ij “UutJA/lj tAieljjll CuLpo^Jl Clllc-l n.o\l ^ ColgJI 

,*_« Jcliii (Oxido-reductase) j }i\ cjlojji 

oXdhua ^A CljLajjj'l/l oilA ->!-»» a (jl .(jj JUslul ^)1C. ^gJjVl 

^ jji ((Co-factor dependent) sc&luidl 

sdtl Cilot oj ^ <ajCdl' (Bioconversion systems) <j _*pdl 

(NAD /NADH IClAl^^plI (J!laj . (JljtS J£dl 4_lpl]| Cc.iui.ftll (_hal _jadi jJjCj 
sjtUJi J-l jJI Jdi ADP/ATPj FAD + /FADHj (NADP/NADPHj 

(jc. Llp-a !lllCl 4 CKil lAliJI ^ilViuil (j_jSLl (jlpAl (plc.1 .Ic-jlCu 4 -nI’W^II 

Ijijtj A lAll u g^pAl CllLaljiVl C_jpj] (jjSij VI Jajjoil (CljLaJ_)jVI ^Iciliuil 

1. _ liVfl (oCC.Lulft]l J-aljJli] CCpj tilliA (jjSj La.Vl»^ . f-\ ll» 11 j ^Clid! sjl£j ^JS 1 

<lnll jiiSI jljaLoil ^jj La£ ^jjAl ^-IpjAuiV A qK.dl CllliL&aJI 

.<aiac]i 

Oxidative biocatalysts AjAu*SU 11 Cil jia-dl 

CSiidi (jjjL ijc- (Oxidative reactions) iid (jLoj 

jlipAuiS jl JP ICllLaJ^il (Jujoij oA..u£VI CllLaJ^pl ^y> k*_uil j 

jlopdjVI t(Dioxygenases) j ' /il cjlulii i(Monoxygenases) 
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CjUjjjV CJUJI Cjllnkill .(Peroxidases) jl. 11 ^ jjjJI j (Oxidases) 
CjI jiJ J] (Ketones) caL ji£ll sa^II Monooxygenases— II 

tBayer-Villiger t> Jelij (Lactones) oj&l J (Esterates) 
(Terminal LajUl caLuIWI ((R)-epoxides) al^ j±ij -R_ II jrllilj 
£-\jj|j (Aldehydes) aiI^aII Jl (Arenes) jjjYI JjjpLj talkenes) 
Jjijall <> (Hydroxybenzaldehydes) Ajl^iAlIjiu ^^jja^JI 

Dioxyenases— 11 caLj ji j .(Substituted phenol) J a . u .. iJ 

ijn.A^I V _A- (Hydroxylate) jjaCJI 5x. liLbY 

3 (j^j -(Diols) JjjIaII Jl ejlijjSn j (Cyclohexene) (^iladl 

(Nucleusides) caIajI jjdljjll sa^I ^ Oxidases —II cLuj:! ^Vu.' 
oAu£V 1 ^ j (Regio-specific oxidation) C^lilll La. L& yi 

.(Pyranoses) j >il j^iil (Selective oxidation) CALAI 

(_ya k*j^l j tl ..nu-o-s tl^jAla (Laccases) jULUl eiiLaj_yl Lai 

4 (Aryl amies) JjjVI aaLuJj t(Alkenes) Csli£lVl j jVl cjLljJI 

(Polyphenols) J >ASI Jjdlj (Phenol derivatives) J jiiail cAaiLa j 
J) (Lignin) u^jlil <3^ oAj*^ ^ .(Polyamines) jj-1 ^Jjllj 

a jij elllj ClljVI ClAjlj-all (jjSL LaAic 4jl Lai .LAjjI (_^ljl (. nAll 

1- Lila) (Mediator) 'LL . ^ ^ilkn iilL jla ikJlc sa^Ij JljUl 
(Intermediate ^aII t(hydroxybenzotriazole 

J jV' t_jlj^ll sauiSL <ia Aj-olydl J1.L1I Liu^j jjLU substrate) 

oAuilV l^ahVn.il ^La Peroxidase I' cjLajjjl Jl ki^ilL djji. 1 j 

‘aldehydes— II 31 (Aromatic hydrocarbons) CjLjj jIjjAj^I 

(Chiral ^IjlSI jLliill ^a& ajL-I Jl (Suphide) aiALLI 
31 (oxo-functionality) oxo— U 4 jr sl= , J^ JLkA/ j tsulphoxides) 

.cjliLJI CawaAiall (Dienes)ejliijlAll 
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Reductions 



J1 Joi'sH uLileliu 



(Asymmetric reduction) jJiUioll JIjikYI ^ 

(Non-^ij-dl Co.l*ia 4 _iaa*jjI _j j^C- (J c-UaC-Y (Ketones) djlj 

Sjxai. ejl ji^_a JYU. iill jj recimic chiral alcohols) 

J-alij (Dehydrogenases) (jj*. jj-^' ^Ajli j* Xc. jii* cjUjji j j*aJI 



Ljjj£j1I j t j'A.li ojjAi. (j^ (J (jj^ jj-yA 4c. jU ls^ - 

Ac. jUj ‘ Pseudomonas j-l ji j Thermoanaerobium brockii 
(Hydroxysteroid o **-. ^ jli j ^ 

j) diua. (.Geotrichum candidum <> dehydrogenase) 

a^A AAA! ajjjj^ ^ (^jj^JI jjL^ua) (Reductants) CjVjilJI 



(Jl jlkY I 

(Formic j A j ‘(2-Propanol) J jjUjjj- 2 j (Ethanol) 



.jjj^.1 (j* ‘acid) 



(Co-factor) Jetu^l J^bdl Jjasj jjil jia :7.24 JjiaJt 


Je.ua 




jf'Luudl J^lxll 


(phosphoryl) 


(aetyl phosphate) cali^ jail JanJ 
(acetate kinase) eiiiAM jUS j 


ATP 








o^jj-4^' £ j 3 


-Uli ^ (glutamate dehydogenase) 

Cjljtj jlc. 


NAD + 




(a-ketoglutarate) 




AiUjal 


CjU jjiSI £* (furmate dehydogenase) 


NADH 


g. jj 




NADP + 


ASljJal 


cP'i Ai»J 


NADPH 


^ j-o 




(flavins) (jUhUJI 
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Regeneration of cofactors SjcIu*aI1 j:i*j 

(Co-factors) sjcLumJI JJ _p*iS V i i_u>ij 

4ialLa JJj*£ J (NADP + /NADPH j NAD + /NADH) 

U-naL juV <ilSLS (_ 5 jjiaoJI (Stoichiometic agents) 

oJic. 3c.Lau.all (J-abd] (JlaLill .laWlll j»Liaj j)l *■ . 1-v J . ( //7 Sitli) ^3_jaSI ^3 

(TTN) ^jJLa^yi Jj^JI J-lC j_jfL) jl jpa 3 jV IllA (_)£ (_Jj 3 (j£Jj tdll jU-i'lx' 
33*11 ja TTN— II jl .l*ij 3 cL-hJI J-clxll ( Total turnover number) 

(_fal*ll (j-a (Jj^ i»3i.j (JS j-a C'lKLn j^ill ^ rVul l (Moles) ClaVj-a ^_ p . a-y . a1 

jl (j£-aj (Rule of thumb) ^Vl j -klalSS J&Uj Sjj3 JLU. 3c.L-iLII 

(jjjl^jlall C'n «;5 3al - jp; pW'iU (Jjla (Jclaj ^Uaj 10^J ltT jJJ TTN SI 4 aj 3 j-ajj 

(J-alxll 3j.WiS 411*3 CjlajlLa Igjl -^ajjjVlj 4^LaaajS, j I j 4-ill i.aj51l 

i 

(ja 4j_plfi.all CajlaliVI (jlAaila jJjljLM jilajlLall (jl ^ 4jl Vj . 3c.Luixall 
CSlLaVlj . LalLa. S.\i*\o1l (_gA 4_aaajjNI 4 jjIL& 1I jls TTN (jlfr (Jj.^ivll (Ja^.1 
• 7.24 (J _p3sJI 4-aAa -£-L,.iaH (Tal*ll 3j3aial 4_a-ajjjLM (_ 3 jI ^>4=l 11 ^^Jtc. 

(Pyridine jj3jjjlall (J-al j 4'ii wit cial jj_pJa!iII (J-aiaai 

diliui _piSI (jj^jjjuA 4c. jb ^ jjl ajLiiaSI ajaj jjVI 4aa_pUla s^c-LuLall nucleotide) 
AjlLa .NADI I -Jl jcljll ja j ^(Phosphate dehydrogenase) 
(Cross-linked 4fLLbia Jj A bn-ac^i NADI I — II -.~>'-l 

^ .(Cennamaldehyde) ^Wj 4I ^liudl ^bj) <jJ j* enzyme crystals) 

a3a.ivj ^3 Jajijl . ' 1 w ' aj_piall 4_aLaC. (JLL^, l3_p^_j-a 3c.L-iaall (_Lal*ll jl£ kajlLall a3A 

(NADH- J_paa£ll J NADH — II j* jj£*ll a—iSjxll (ja^jjiaA 4c.jb ^jjal 

.4£LLbia Caljjlaj alcohol dehydrogenase) 

ajjjl ^C-s"n>il CYiau^ji 3a3 NADPH SI 3.Wil 41a3aJI till jj_pla!all Lai 

(Soluble pyridine 4kiJI jjiajjLJI jjj jLSA jlia^jj^alA ^1 ja 
ciaV jji-aJI j-a JjUj La Jlidjl jiaaj (jLSI nucleoide transhydrogenase) 

•NAD(P)H_ S' j NAD(P)_SI 
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jjiiall (NADH oxidase) NADH— II J\ ^SL 

tNADH— 11 4 jAx£I *1 jx frLail a! j-al' j Lactobacillus brevis 

II l^ja ^gjll NAD II Aj.W"'l 4 jAllili 3 l 4_ixjjNI <L^iall j C. Ijj 3 NjAj 

.^LoJI H 2 O 2 

jl .,1_uA jl (»jjjl Ail '\ \-y jx jjjjl (UjK) (Jjxajj l^ijx LSO^ 

Borrelia j L. Sanfranciscensis LjAfL jx jAA jilall aAjAaJI NADH— II 
.£. Co//— II gi (Over expression) -LI jiils lgj& jxluAII j burgdorferi 

j£xj aIIAjj NADPH Itj NADH II jx jL SAaAaJI jlAuaSjVl aAx jjl 

• NAD(P) + 11 AjA^xl IgxlAiAxul 

A-jjljxl^jjfrSlil AAIe-IAxII ^ j.WllI iS ' -d' bl 

tS^L^I J*| jJi AjA^i jJ jx Ujj.-Will (Electrochemical reactors) 

UjLj^)££ <• . |I l*iM ^ ?-i ml A 2»AII j A lU'nVI oAij <ai£ jx J£ 4 11ml Alljj 

li Jclidl jl CjLjjI aj Aa tCiljj».AI oIa jx .UuJ j (Electrode) 

C^-a sli ^aL (Ultrafiltration membrane reactor) <jjlall ^axjjII 
(Hexanol) Jjjl jSo^ll j j..Vn j jiLLl NADH — 11 AIja£ jj^SUI AjA^ill ^ 

.(Cyclohexanon) ^^ikll jjjl jS^JI j* (-s il=dl 

L ' ' ‘ jj ^xll j jxa. j jA^ll AjIc. jlj Ajlxjjjl AjlsjjJaii jx AiAtll jxAa j 

aasA Jaix Aj jl ^44 V .51al£ll IAUJI ^.asAlJ (Monooxygenases) 
at. jli/ jU ; >uA ,jVl (Activities) ejUlUi jx 0 .». : ,nJall NAD(P)H_ II 

AjUUa (_ja! I Alia \ l -x j j| j£xJ 4j£l ;^jLa. jjj lOOpg (_jll_ja>. i_$A 1 jj 2 ~ II 

aA £_x JxUili j .(Resting cells) <*.1 jll jjL ^ lALk ^IasaJj j ^1 

t j£xj La £ . jxl j!ix (J£xA AiA^jll j ^IxNI AjLajjjl jc. la^)ix '»*' A&j Aa 3 tANbaJI 
AjI jjAa^luixll ^jl aUixll a'lxLI Jxlxll AjAAj AjLajjjl AiLAal . Allis jc. (JjAjSj 
1 J j.Al A ' A , A~'.a 4_J jAa. jii^yij 4 al’iA all U jlLall Lai .-LLalSlI 4j_jlkll 

UlUi JalLA A 144 4 yiall P450 ? jjS jiimll (Directed evolution) jx 
.NADPH— II AjlAkix (Peroxide) a^ .jjjJI JLU. jx jj jillVI ^jLa 



996 



Combinatorial biocatalysis 



^jdJI j jiviH 5.4.24 



JU-a ja (Combinatorial biocatalysis) ^laAiVI ^ jy*JI jyidi]l 

(jjljll JjL^aall Idall ^lajl) jjjljlall Allladl 4j-sl“nVI (Jidii j^lill ^)iJ 

dLlLaC. (JjLa. i^ya dll n5 .a p Idil ^^ic. l _^^.l-aAi)/ ^ " jaSidll J)£ . ( jjoiC- 

.ALal£JI Ijjldll jl dLaJ^iY I A b ml jj a jq^.a\l A »jlU'l dld^ali a Jj8“l.a\l (J jdlil 
A 1 ; . A I dll A<~- jsdaj ^gjll ^jadill dl jtiA. \ Ajuldall dtjj-ill L>daj 

Vad^Jlj t(Glycosylation) Lldjj/I j ‘(Acylation) 

dli ‘(Reduction) Jl jdVI j (Oxidation) s^l j ‘(Halogenations) 

> 

(jfLaJ ^^till J pldll jl -s *\l jf'iy'i ^till 4ilda]l dLlfa^all ^ya Ctx d die. j.a'N a a]jjj 
A ja J.ibll dld^all JjAjCi Jd <j^ jl a Aid. dlli^av pldl ^^3 a Alia (j_j£li (jl 

(jx pi jAll i sLouSil ^^3 aAlLa al.il ^^a.LaAij/1 (_$ j)J*dl ^lA'ilQ n«j ‘<A11 aij .aASauall 

> 

(Lipase) jlllill ^aJ^^il ^aCddjoal Aal ‘ JldSI Jjfau .AJjAII ic-ldall jj 
£__ajl (j ^ IplAiil lAlljj (Ester) IjiA 24 j>^ 4j_j£La 4_i^.LaAil as i£La 
Jji (> dldj^ daaj (Aromatic alcohols) AjLe dldj^ 

tdlda jaj Jc . j .(Acyl) JyuVl 4x. >a*-d dldla£ (Vinyl esters) jd>VI 

jlilVin.i dLajjl (j^ dla.La.lil ^liVimlj dl.ininll (j^ Ac. j^-s ^ jrtii! 

.^ilidall Am*S?l (j^la^VI (> AJ jl d'd^a j (Peptide synthetases) AidJi 

Immobilized Enzyme Reactors djidl fjJjVI djt^LL# 5.24 

AjaiJiSM djl&LLaJI t iu.Waii 1.5.24 

Classification of enzyme reactors 

‘(Immobilized enzymes) Add dlajjjVI dlidki l y*s* j-a 

.dislia jiiLLM ‘^Ajil £-_jjd_jdl L&JJ jA j 1 4X.I i. Al Jd-a ^3 ^-alAadal 

idjlftlLall Ldul aAlili aJ A. 1 C- 1 u^ill dLLaidl ^ 4 “in .a II dLajJjij/l ^lAiiuil (jj 
^Ic- 4_iAi^jj/l djtc-liall i aj u Wi 8.24 (JjAaJI .daj Luij/I Adi i<n5ll 
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(jjjj Lo£ . Vi .all j ^JjL/l (— ((jLj^) i— ll-U.ijl j J.)». dll Jsuoj (_)jjLail 

A k\W «\\ dL^lLoll ^ 1 J Jlirf 11.24 JLS 1 ! 















Jfrliall 


((jLjjaJI) uLfuU^n ixaj 


Jddill Jxaj 








(BSTR) 




6^1 J 4_3l22L3 


(Batch stirred tank reactor) 






o^lc.1 (Jc-lLo 
^)-gJjuia]| (Jc-lLo 


CjjLo L_j1_Lluj! 




(CSTR) 






(Continuous stirred tank 
reactor) 

Jjjli ^jdjj aLic. £-a CSTR 






(PBR) j *3 ji (Jc-lLo 

(Packed bed reactor) 

(FBR) (JL^ia jx$ jj (JelLo 






(Fluidized bed reactor) 

(j^) ^^4 Jelia 
d^i-a tJelLa 





Batch reactors 4 * 3.41 d! 4 c.Uu 2 . 5.24 



tllLaJ_ljl dll jq^.all (jj£j Lade- j&> 4*3.41 dLLiliu 4_i3 ^Vul La jli^l (jl 

V/ 4 -s inlbj tdldii 4 l (jfr 4 c. (J£jd 1 g b.n 4 jail V a " 1 1 I t 4 hdo 

. l^JLudujI 'die. I l _)4 

jla tl^gl.l-s'Liil dle.1 4 *AjI jA C'n/V'll dijjjll dl-lA^I (j^ 4jV J 

dLoc. o_LSJ=uj (Batch reactors) 4*i4l dLl&lL> ^ 4-1/i.all dLajjjVI JU»-u,.il 

(JLldj jd~Ci*..all ^-1 *jJj 4 (3?.l (“LlsLCbl i_J**a3 4 jl.gr. jl) <_b*a3 
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V 1 n a I' ojLa (jxs “ixuS o j! ms. 3 . .n s i ^jl ^j£«aJ tojlA 4_lLa& 

(Stirred tank gpa _^JI J^LLa l ivy J ^ tLajij SjLui. tilliSj 

^ jjll ja j tkalii. j J&lia ^ jj£ii ls'^ ‘kaioll Ja*JI <_J reactor) 

ojl^pJI Is uVs ^^3 4 nm'l k]j)g mj VU^. ^sjoiJ l" 1 is 1 CllLlc-lLail Ism 3/1 

jmS Vi tAjjjJaatlt JJC- ajbc3l£ ti_l]l jail gpaaj (j! JJC- .(pH) 11 

tJc-LLa ^Cs'lmlj aIj^J f -»j3 I^il ^a!j tdlLjj 4-4 _iC.jL/I (jVi» \ ^ JjaJI L$ 

<ej/ jdB J£jiJ Lai <L, Ji.C ji=^ai! ^qin.n ^31 ( Basket reactor ) <LJi 
• o^. J&lLd (Baffles) (>aj jc J k*il3l (Blades) 

jj Jc-lLall _^a (^L^)^JI)i_jLiiaijVI Li^'i ^nijj elite- lialt JjAj 

Sile) Jc-lia ja j :(Plug flow reactor) (si-iaJL Ja jiJaaLI) l-jL^V' 

j^a a*-a ^yi I j Vj ^a£L Vjl ^jSaiJ i4ja3.3l 4jl j jV Selc-I jl ^ K\l j.iLl 

J1L IL J (Fluidized bed reactor) Jl^ J (Packed bed reactor) 
gi Aiia ja cilelLJI (> £■ jdl I La .(Coated tubular reactor) ^^-LJLa ^jd\ 

jjSI (_jLV -3 a (Jja-Vulll jV a' 4 jsI£ jj z. dV j.s'l ^ V- AJLs. 

J-iuj-a .Vic- > (Kinetic data) ciLLj a_ibLsLiml JcJ (jx jns 31 -3 jj^Jai 

a jLlc.1 g£-aj . " ns li.Vnq-s.iai (Jc-lLall lillLjj oL_C.j Jioa 

^11 Jl&l CjIjjjIj (jVajiiCj i-ulkajj (jl . ^.LVsU'i (Jc-lLaS 

.CJlfc s-’W’ 1 ejlcjaa. Jji-Ljj lillL j (External mass transfer) ^jLiJI 



Continuous reactors 



S jAlutdl ej^lcLLdl 3 . 5.24 



Lilalt CjLajjjLU (Continuous operations) oCLudl ^lliaL 

i(Batch processes) k*i3l cjlilaau l^ijjlla ejljjJI 

^.uVl’l (jl ^jS-aJ La£ . dll VVlaill AjC- jj JaLuVaj J 'it . ■ L Cljg >»ij ilj! In nVnll <]jg . .i^ 

<J )i ~l II S ai II ^iVa jaJ/ * gjJJjoiLoi! ^3] a jai'l . Li 31 dlLlc-liaill 

J&LL>j (Continuous feed stirred tank reactor) (CFSTR) S j^J i 
.(Plug flow reactor) (PFR) fJ^JL B jflll ^Lujyi 
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(jc <lSiuw (Conversion) Jj_»=b]l bvjj ,Jlu t^liall CSTR— 11 
eliilSj (JSLi. <ya (JyolS juaJ 1 qsVl.a ^1 jbaVI (jl£i LalLb c.lc._jll £iS_j>s 

<_j1 i/\ t^jLaJI <_£ji»-all ^ La£i Ifru i SJ ^ CSTR — 11 Ji^b l_Sj^>Ia]l 

. Wl»"l^ t^^JLLall PFR II ^—3 Lai . btij^a ^r"n.all jj£ljjj <jJaiaJus ^JjLfl L_l£^all 

c ~~ T 1 1 i(_)aiLjL/l (j-a ^_^a]l <!! -3^s.j aillj j Jc-lLal! (J jla ^^ic. (Jjj Vlll 4-i.^p 

• Ijbl bCLlla CdLall (_}^b JajjjoJI V 



t _j_° 4jV) CSTR ^jic- Al jfruu J jxnV l <jl (jJ^. (_gi 

^gjl Ijbt i _ \* > y-i\l i^ya 4jl jjc. *(,_UlSil ^_)a]I -lia. (3ia>. ^)3jJ -2aS3 

^gjtxull (_L«a^j La bile. ^^gllJI 4 .mi^Ixa 11 (Jyal_j*JI (j«a il^*JI lilb^S .jjJLLa PFR 

(Velocity gradiants) CjIj^lII SjIj^J 1£ ^lia PFR (JLLb Jl 

jL/1 (_5jj^-all jlLojVI J ((jLl^sJI) i.-iLu »uV 1 oliLl £-a SiaLtLall 



ojLibJ t.. 1-S i (^Lil j.a!Ln.a.\l Jc-LLall £-_jj jjjj CjIjLjc.1 0.3c. bHiA 

CjI jlilc-V I (_)aiLail ^Ic. _j& jJjLuall I .la. I t ■1W ^11 (JLajCluiSU 

(Michaelis- Jiia -^ISa* e_iUS^ Jl bu^bLa .(Kinetic) bbjaJl 
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CSTR-JI a^dkiS ‘CSTR — II Jc ja PFR _JI jli ‘Menten) 

CiLa. .PFR £ (JjVllI ^^Jc. (Jj.."»*aSI (J^l Ja _jjSI allLajJjl 

CSTR II Jun^j la£ A K . : »iall olA (jli tor'll all (Jk Ja S-iJlTl all j-la. 

“CSC . ^jq*a all i_J£ £a jlilia ^3 all (J» •s 1 £jaj^>all ^“'lall Jj£i Ji jj a“ n*\ 

villi j tPFR II as^ 4 " -Ciaaa CSTR SI 1 $j 3 (jj^J (jl jSLaj ( _^Iiil kaa oli.1 j 

. ^JjVI a_l£S^>a]l (Jj 3 Ja I S-iji'n (J>^vsj La-lic. 



^ajJjVI alll j.i-iVnua alii q . ,^il va v (Jkjl (Jc.lLaSI _jl jWl ^3 I . >>jl Jijj 

ivillil . jlllc-VI (jJ*J oiil Ja lJ V ^)^l ^Lalc- (Jj*_aailt a“ll .iD-ila ^ijj la£i talmall 

^»jjjl ^1. lVi.nl £a ^Ijl. a (Ph) aa Vt* ^Sjll kn>i Jj£j Laljc. 

kdill J&lia J CSTR— II ^u^ai ((Penicillin acylase) jjC.nn.ill >CJ 
aij^lia ja la t l» J&l (Batch stirred tank reactor) (jjsVall ^ ji 

lA i^iiKiall (Shear) (ja»all J j3 (JvLi. Ja ^aC-lllI vilSiaj CiilSLal a. in.nj .PFR SI 

^l^jl AIuaSI CjIaj^jVI <ja A nlull dll Ja£3 <jl Ajli 

(Jja (JSLola tl-1^. o^jar i.sy\\ AVuaSI ClA^Ujoi^. £a j .CSTR SI 

^ j^i^kSI ^'naSI I^A ^l.lVunl $.1^)^. 6 dll -il ^joijV I J J^aa jJiSS ^sLi^aSI 

Ul^lJ JiSVl £ jjll) (Packed bed reactors) j*a d!3 d^liA 

4 (J-IuiaII ^xiall li (Joli-dl 6 (J£LolaJI a^A <■. lS»MS .(PFR SI Clk>lc.lLa ^)A 

A>al ,) Vunl J^aaSI <ja tPFR Slj CSTR SI A, j^ajaijJA ^^a (_ 5^SI 

■ 1^9 a>»\\ J a ^ lA 



^ jjjIiSI ^ j^.1 Xolc. (Reactant) Jc-I^dl 4 -^j-dl cijlL^al ^ J£jij 
JjI^joiSI Ljajlj <kjJI A >\^SI -il ^-dlj AjJjVI dilji^)-dl ^jj .(Jc-li^SI ^I frsl 

tCSTR— SI lSM' ^ ^ Ujnidl ^ A^jlil 

Jc-LLdl aJL^ ^ LoS c (d^Sq^SS djjl^iuijl J-c!1^-aSI ^ja (JaJ 

^tkll 
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jljlkV diliA (jjul 4-jl IjlA ^j-Q ^■llilLaiVI cj^-^ 

5JLaJt (jld Sjj^dii! A q 1~ 1 s xll Jxl j*JI (Jjls'l 4 . w j 4jlj tjcliall jj 

A JMa'i , „1 i ~e.lW.all 



jjfr JaLu <jVI djoaJ! dl jQvxll 6.24 

Biocatalysts in non conventional media 

dl .13 ‘Ljjjs II dl jqs all jjdll Jcliull liuij ojldelj eLall (jl 
dljLaC. ^ AauiI-ujVI dljjxll 112.1 4jl l _ 5 ^c. edd. (jjnul A. jc. •CxlaViml 

<jl dl_ul d H3 o jjJlj I!* <jl V] .(Bioconversions) ajjj^JI Jjjdjll 

Lo-lic. L-a tAjjoaJI dll jwxll i"llqiil->~i (jUaj jj (jjjatj ^^ill 3 jjall HjoiI aa.1 
^j]l Aj.'iilq'ill jjg. JaLui jVI jdaj .f.Lall J^ld^/I 4jLi*_d <lc.lalall al jxll (jjSo 
(jjjS (JjIjjuJIj cdljliil (jdatJj 4 4_ljjd*JI dll n.loll (jx l$-aladdjl (_£J2. 

<Jdll si* dlpjd-a j dlilki Jjld ^ ad .(Super-critical fluids) d^^pdl 

.oljal 4ql~i-s.aH 



djdaaJI iaLuijVI djjdl diljia-dl 1.6.24 

Biocatalysts in organic solvents 

> 

dliiJLall j)j*.l' jw.all J wi.nV JjVI aJjxYI duaii ad 

.d 20 (jx jjd da e-Loll (SajUnll) d&jl£]l dUSjxll (Jjjd (_)p.l (jx <jjdaxll 

ddxYl (jdLts.VI (jx (acphealanh 2 £) dldknll ^ddj jdi dlial sac. did 

(L- (Aspartam) ^djluxYl cdLkdl jrldlj t(Protease) jldjjdl jjdd 
(jjjjV jxjjiiil dkJ jj 4 aspartyl-L-phenylalanine methyl Ester) 
dlxjjjl pladl j 44_ylaS (Ethyl acetate) dldJ JdVI j (Thennolysin) 
did jail £jjjj j 4(Esteriication) s jdVl dHtld (Lipases) jMH 
gi j 4(Interesterification) dmdl SjdVl j (Transesterification) gJaldll 

.(Enontiomers) Adijxll dt jdadl dldjx fodi 
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(jjliUJl jj JjjaoII Ciliual : 9.24 JjiaJI 

LjljJI 

Jiall j JJ/I JUJI AjELdVI 

^cliLo]' jaJJLJJ j JJ/I L-V^V! <jV ^3 ^j>>! ^ 'sV! 

j&^VIj ^ULoll ^-IdiV 
VjjJaxll dj-lall t J 4_ill*JI jliJI 4jELdl 

(Jc.li!lll jjl jj (^Lsjjl) Jjd 

‘"'Ij j w «tt 

^Z j . >i» \i l_JjXa]| 4 i i’ll JJ Jalllj]! jl j J ^ Jjd! ^Luijul 

Jc-lii]! ojj 



.(9.24 Jj-lJI) dll jg^ 0 . 1 E. (Jc-li!j]l ^allai (_£ j.An»ll s. _ n*ull JW/ jj 

jl c-Lall J (JbldVI 4jLuud dlVjVI Jlbldl Adljjj jldj (_£jjd*JI i—Udlla 

(Volumetric V.o-> VI JJdJ sVjj Jl cdJVj VKiVI jd. 

Jjd J V>JI j ijj>H I Jd£ LV . ^Udl productivity) 
cjl JiV Trtijl ajjj Uj JL2I Jkil Jc-Uj (Equilibrium) jj! jj (^JJ) 
a\\ (recovery) jjdl JLac. Jg mi Wo t^g j.>i» II ^Jall jJJ ^V-Vu.ij 
.((Extractive bioconversions) J^>Vd 2 J Vjja. dV jd) ^ddlj ^gjgVI 

UJI I J1VJ a s-i jVi (Jjld ^y> ^r'l'u'll dial J-iC. (_jjkd jVaJ H.4W 

jjlij .“Ejc. ja3I jjc. Vnl-slt d!>lc.liiSI J’sJI j| JjVI dSyll (Jj 3 jxi 

,DJ ja. Idvll did j.W VI (jli fCjj)>^» II dll \ 0.0 II ^IdduV dlyVI a Vs jjs 

-kj J (Denaturation) £luuul JJ ^ jdVl i_uldl J jkaj j 
.(Jc-laill AjLsC- Jaj ojLlj JJ Ldllj t(_g jgVI jiaVSI 



Jl JjS dajjjl Jjdi dLlLaC. Jc. Vjl oV Jc.Uu]l Jvj jjlli'i ^ VI 
ojjla 4 jjjj£j JJ <■ ~il 4 lj£I £-a tljVyaj .ALslSJI LjVLvJI Jij J J Wl J 
(_gjjVI Jjjdlll ^3 JaaJI IV lillj jlj t4j_gjd*JI (JJLi-all J _jj _jju 1I l Jc- 
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C-ljj A CjLJVI ^=^3 gJ jj£I CAj\S^ Jli-all ^joiSJ La jAj djLuajj j!i£l 

' g .>i j3tj Aic. <jjg -s .all CiLulSLi! jt (Tolerance) J.a v4l eiiLl^iuil 

, 4_J jjJasJI dlL.'uT 

Selection of solvent t-uidl 9 . Hijl 

^j-a ^jj^jLx-a *La^l^ail j ^cHaI] (Recovery) L ^ •''' \ 

i(Organic solvent selection) i-jjiall kuhll jjjUaII 

(Chemical stability) CLLiajSII ■Lijliiil JiLa cAL^al jm (jl ^y ^J\ 

Cj'jki^a JjILG jjaliiJ j t( Therm a I stability) j 

(Non- i$ j— ^1' (»■!& j ‘C-LLail .Ll^ jVl ^—3 (Emulsions) 

.Cijt j-a Ljajl ^ iLj^ g^liiJ j SjAaLI jjt AjtuUI j tbiodegradability) 

^jta c^Jjjoa Jajjai I ^A i _ AjjC-^y l " '' a . .-il j a jjl (j^ CS^ 

jjjj Jaujll CllVjLi-a 'iJu j»Lalt ^aj Lai . g>*alia, ^£.lnaj jL*-a jA jlill i . 4W' 

LajLi-ajS]! CjL^jiil '1 . 11 j eiiLjAall l qL-v a (Toxicity) ^La....; 

1 Jja Clma j-a CiA. j l.Lall l 1 ■"■"'l ' j * L$ ,_s4ll JjjL*-a]l /jj jl al 

gi ajLLajj (Laane) jV ^li .i_jjiall (Polarity) iJiaiJj (jks CulS 
jjj SJjLIaII 5iLLdl jj (Wageningen) j k*-aU. ^ kc.1 jjll CJ£ 

(Partition coefficient) jjaill ^ILa LLjlc. jl j (Bioactivity) kjjj^ll CJUill 
ui jja-all i(log P oct ) ftLall/(Octanol) J jjL& jVl JjJoll g^LUfib flLdl gi L_uiall 
(jjLII) 3 aI jkll Cu^U. c^J log P oct >. jj .Hansch 

<ja±> l^jklj u-jUaiiuVlS JaiJalL l^aij Cuaul ^ ^(Hydophobcity) «.Lal3 

1 ^iLull t&J-ifi tdb (jx jj*». ^ diV^*-a j x^a ^JlliLa AsLlc- 

eiiVl^-dl LJL^. Hansch jL«-a ^l^-v"nol .l_uAa1I a ii' Lai.nl ^Ic. “Cajliil 

l^jLai^ jl I ^ ] JT-'-. I y ^ a j j ; a- 1 J-LI ClilxS C*l ^j-a j *n -LijI jLl J 4_ida]l 

(Rekker’s CLLdl kAljSJU Rekker caAj 4jjlLa jjjla jc. 

ejV jLa-a ^Uiii ^ LaS .hydrophobic fragmental constant approach) 
Log P oct jjj (Empirical correlation) kbLidl SiLLdl 
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CljLl]' jjL (jVI J t L jW \1 l" -a" 4_l]l*3 r.l 0 l"u ,t j 

. I La j^La JJC- AjIuiaSI 




log/’ 

.log P (enzyme coefficient activity) Lajj&l i^Ha : 12.24 Jiill 

JSj Log P oct on “d-A 0 LLlc. ajX« jj (Laane) jV ALi 
LlLij LLiLI LLLJ] (Epoxiding reaction activity) S- 1 u£jjVI Jc.Uj LlUa 
j-a Li jLo Li jiia Jalui jl (Anaerobic cells)LL ' ja LU' LLL21 jUll 

iLljLiJ log Poet ■ ' *“^ 3 L yH LlLLlI *1 a£LJ -lie- .4jL±Aa L j ..ai CllLjLaj *Loil 
tedlLj .(12.24 •'") (S 2^ ‘‘‘ Clilj) L.lj^ai : ixa CllLii^Jui ^lc- aLI ^±1 

tLaLa. sale. (Inflection point)*.' j4Y' 4AL j-a Jal log P oct Lua ^ ciiLuldl 
Cilia. tlljia. “Caj'jx *ljlfl/' Laaj (_ya ^glc-l log P 0 ct Laiii £-a ^glill liiL ' a in 
t^lc- 2^ *S j'L T~ 2)4^ ^gic. citLil^-Lall ^a *lyilY' Laaj aaLCj 
^ iai] <iujlia jjc. 4jAaiuia CllljjLa liuij 2 (j-a Jfi\ log P oc t ( _gLll ClAjJ-lall 

‘4j 2 2w log Poet ^ Clilai-lall LjiaJI Lllxili i °'"i-C'i Lmj 4(_£ jiH j'q'*" 1 " 
jaJlC. Ltiljis CllLlLa (jj£ia 4 2>a ^glcJ log P 0 ct LjLjLall (jjSj La. tic. Lai 

.(10.24 2j^ll) (Apolar) ^LLiLaYl 
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(Biocompatible) Ijjj* : 10.24 Jj-iaJl 

(Log P) Hansch jIjjw CjUjU 



4.0 
4.5 

5.0 

7.0 



(decanol) 

(undecanol) 



(oleyl alcohol) 



J 

(dodecanol) 
JjV J\ J 



4.3 

7.9 



4.2 

4.9 

9.8 

5.4 

6.5 

7.5 

9.6 
11.7 



M 

(diphenyl ether) jjjVI lIaA 



(oleic acid) 



^ 7. ‘ i 



j^V' 

(pentyl benzoate) CjjjJIu 
( ethyl decanoate) J2I 

(butyl oleate) cjUj Jij jjj 

ciiVAill Jjj jjj 

( dibuty lphthalate) 

CliVAill J jjjjj 
( dipentalphthalate) 

ciiyiidi JjjoiSja 

(dihexylphthalate) 

(dioctylphthalate) 

ciiVAall ijj.uu ^lA 
(didecylphthalate) 
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4.0 


(heptanes) 


jljaaA 


4.5 


(octane) 




1. 


(nonane) 


jdjj 


5.6 


(decane) 


jtV 


6.1 


(undecana) 


jKjjjVl 


6.6 


(dodecane) 




8.8 


(tetradecane) 


^jl£j jl jliiSl 


9.6 


(hexadecane) 


Loj£a^J! 



t"'l |‘K'I ClAjj-lall jjjIj > l£j]a^.V-a Cjj^. A g iiia 1 j. ljj.ajt.lM) JUxul 

Clllijll3l 1. a Vi'S .a (J.l3 <alii-a e.\ jjll Jalaj ^^jc. 1 §j 3 ^aJ 4jl V] •‘Cjjg ><nll 

.(_£ jAJI l^jUic. [_ya jl i^i-s ^ Cjli j jail (. . inii lA jjlj jl jfLaJ C’n^> ‘‘CjJQ-all 
(^-lljjl) (Jjau v. . i u>n (Jc-lLalt (J j|\~s a b jIjI (J-Ijljs Sjljj jl 1 > >i il Ja^jl Aj 
jJJ l&Aa-jl S-lJi. ll-llii AiHc- AUa . jjail 3 l Jl log P oc t ^ Wi.al 

j Nocardia j t Acinetobacter j < Arthrobacter > J13 Ij^VI 
jjij 4-aLJI cjLjiall ^ JUliVI jl VI it-yiall log Poctj Pseudomonas 
ajX a jj (Tramper) j> jj ^15 .log P oc t <>5-3 JU-JI J Jia. ^ <*UI 
Jll L1UI3 (metabolic ctivity) ^ 111*131 jjj abVjJI lAlAliJj 

j^ lg-aj 3 j %10 >Mijj 1 jj>>i»II dlljj.la 3 l j^ jjlljll i" M>tj*J 

<juB jl I j.li.j A j . ClLu^oll jji UjLaJadl dllc. j.a’S -all < a -lie. logP 0 Qt 

-lie. <■ ‘dlVi tjLaLui JJ C- l^j-a I >A Cllj CjLu.la]l <J£ jj£j Jill ilOgP oc t 

jXajCjj Nocardia j Arthrobacter Via :<jouUiAI Cil& j , a . >a ]l i_dli_a 
CllVlall jlLaaJJ Lajjj A > J&l log P oct ,*-« (Alkanols) JjilllVI 

.5 > J&l log P oct a& Ha (Phthalates) 

4 -jjg -S nil ClljjlAll SjA J (JjiaJll »L>*I».SI jHlj-aa. jjjIj ^.nVI J A 3 

jj Jjill <ljla_jj IjJjTjll J ^aljaJI 4 ji1mi LjJJjfilll Jc. lillij l_JjjLa3l JnVil 
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J&\ ^Ic. J 5 LL t Pseudomonas— S' 4 ^'jill aj 2 L> Ljjj^S' 

4 _sS>lia.VI llA LaJJJ 4^'jiS' AjjUJ llj/^lll (j-a 4-ljjlaxl' djlaj-lall SvLaaj 

j^lc- f. l.ui».SI 'lA iSj j A jilm Lj jji ^ ^.ajLaJ' s-LodiJ' J _ja . j ^JJ 

'aSiaA\ ej'jjj jjj]' j ^Structural proteins) AaJ^Sn ajjIuS' ejliu jjJI 
^SLa j .(Lipopolysaccarides) a^aiSI cAjjU' di'ipc . j (Lipoproteins) 

AadaJ LS jLL A ^A v L. u».ll AaiAll' djLiilj^)j]' y»a Aloj 

ILLJ <jIa=J i_a^j Igj' t(Peptidoglycan) ylli^L- j^W" 

ClUlLaSI J _ja. jS jii£' A-buiLuia. jg hn3 AjjLiS' 12/LaJ' Lot .AjjjJ' ClUa j» >>|\1 

dlllaj iMorinda citrifolia Alul LULLS' CiULuaS' ydi La£ tL^JaLS' 

l _ n*u\l i^ya Jlajjy' .5 S j\jmi log Poet A^s.'_jaS' LiLa 

(_g jj* 1 * " <a\l {'LJ' s <_s-S] ^Lal' 

il^kya ' g q>.-i j jSJ i. . I O-aW A-ljja" Lac-' j-aS' £-a AiLlxll (_£^)a.' jjjlx-a 
LeDtajy/ jL*-a p > .W' ^^A j Aiilfi 4 - ip-all jdlj A.nalllj A A 

^Jc ijjLJI j' ( Three-dimentional solubility parameter) ^jdl I <dbLUI 

* > 

L_jjiaSl jy£ ji tMla 4^5 jjS ^ill ( Denaturatin capacity ) ^LudVI 

.(half- inactivation) AjSUiSl e_L^u JLuu o-dc. LeaMj <yil' <_$ jdaLi' 

Ajj^ml!' Jclil!) ^laj t flj u^1 

Classification of organic reaction systems 



£»a 4 a .a, Via AilA ^^Ic. <alia_a (jjjlaJ AjjiaJl el)' jqa.all ^I, 1 -s‘h>iI (j£-aJ 
^a ^'yia!)U aLISSI elll nlall j s-Lal' £yt ^jjojtaJLa 0 J_^a (') IAjjjIojlI' d l' n.'ull 
jjliaS' AajSl jdaj (^) 1 Aj j . s-t* 1' j A-ijLaSI (Jj'jjoiSI ^y^a (jj^_jla ell'i (daj (s-i) i«-Lal' 

(Reversed a^ ji*_a eiXlaj (Microemulsions) aLsi cA\Wn^) 

^ya 4 ^ n'uSI ^g 3 Aai*»a AljSla AjjAa elll^a aj ^-aJ^jl ui< (j) i(micelles) 

J£liSl) 4 _Jj^LaS' ^3 Alaj-a Ll£jLoij Aljbt-a ellLajj' ( &)j i^^lLa J W £ ' 

.(j-I 13.24 
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f Ldl £. a jla^U uLuJuIlj f Ldl (jALaia £ujja 

Homogeneous mixture of water and water-miscible solvent 

e-Lail (jjUall) ojlSLil JjVI t— A^dl UDLajl ojljj] 4lg m AiLA 3 
tf.Lall ^ j-ljioi ULUS i_ula <sLjal) ^ (hydrophobic) 

(Ethyl £&uJ)j\ Jjjjj ‘(Acetone) jjAAdj ‘(Methanol) J yAdA 
JAix j t (Dimethyl formamide) -blalajjall JjA* ^lAj t Acetate) 

jJAl! oA jllaj .JcAijll i a^j ^Jl t^dj... ‘(Dimethlsulphoide) 

J^A (Mass transfer limitations) aASJI JIAjI cjlp j:iaA IgJU ^ 

S= 5= * J> 

ft^A 4 j.J ba ^ ^jl . A-uijl Tklba U^j 

jj£jj J! 5^UJ! ^ U qu ^ (Operational stability) ajL^j ajjUj 

dAj£^o ^A s-LJll £-g CIAjjAaII (jl Jj !1 a . L-LjAaII (Jtc- 

> 

.ULui dlLijia Igjl jiau i"n-sj 4 2 (j-a (_gj.il Log P A 1 ~ J ^ (Polar) 4 A?'u>i.a 
(Ribonuclease) jlA jjj j]l ‘JAdl J&. 

aIUJI JliAl AJ (2-cloroethanol) J y'd] jj^A- 2 <> sAjA jAljj 

.(Unfolded) AiLdl jjc. JSAI A) U.\»Ad AAll 
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Aqueous/organic two phase systems jJadl/^Ull jjjjidl jJaj 

sjjia (Two4iquidq3hase)tj4jl*JI Au 

jj! (jS-oj . C.LJI JjLaJVI AAi*-jja (Reactants) cAjlc.li!La <. ijh jj l_±^j Lojuc. 

i ^ ) (_£a!I ^(jjj^jll Clu^} (Jj-aj ^JjVI i— Ajlj A^j ^ \\ l_jjAa]I 

J/j (V> ( (Hydrocarbon (j_w_Ajjy^) (jl jjdi jl ^lij^ci 

jj-auiJ ajlA ^l-lkjjjl (jS-aJ la£ .(14.24j ^ 4<_J d 13.24 J*’' 4(cjl^^ClLa]l 

jjUI jf jja> ^-jlall jjJall lull jj3 (J jjad! jia-all (Immobilize Cirni) 

ojb ^ .eApau ^aJJ (_£jjJa*JI 
^daadl *I^Ijwi jj£j u 1 (jx 

ijjjjusd] L_il£ a *'j Jl 

jj^aj J-iu>a jjkaj l«S - 4 1X11 (Jlsliil 

(cilJau—Sj—all (Parititioning) 

OUJ^' (djl)gjla]lj (o)JjVl 

LJjlali jliii.1 jjjjja (jc- (jjljluJI 

liliiS i<m..a ClVl^. ^ l j t_Uallall 

J lja( <jjjj| (Jjl«^3 ^jau-cajj ^-21 

c( 4 — jj — iJaall j jJal a. _^VI 

(3 l$'^) (Ph) ^iia.jj^2l 




:14.24 JS-iJi 



■Otjjkl 1 yi yajjJHI JijUll Aaia 

'(product) jiU'P '(substrate ) jji -A,. *S 
.(enryme) fi$ -E 



4-ujjjd (JjLaodl Pk a qa (jj5L 
(Jl jaJI (JSjjJIj l_i£jj2I ^ m ^ c ■ Jj'^'^H 



(Unprotonated jj— lo^' A — ^ 
ajLc- c> compound) 

4-dlxiU LajI j-o 1 >>ijl ^ n's j^).\ig 11 aS^) 3I (jjfL (jl i . i>j c S V I aJL^JI 

(j_^£j La-lic- (j-aU. (J£jolJ AjjujLLg (djl^^r*n<dl j (aj^JjVI ^Clll^ (j.j£jj 
(!^4_a£I^)J (jj Cilia. cAj-oj^IV! \ liiu CIAjS^aJI aAA ^)jLoj jl A^.1 



(Overall (Jc-lioll (jjl jill lI^CIj . Injy'nll Iaa (j-c I. . (_^jjCa*JI 
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^iiall JNv qa displacement of reaction equilibrium) 

Lg-Q ‘£joll^ ( Jo ^jJ^H ^lixj J£-*Nlj lj .(.UiSlI I^JA 1.^1 (_£^}Vl 

JLLgg£_j jJ ^djl I^jjloUdl (jjjJall ^Jaj Cjlajaj ~ ■ >>'< .(Jc-lijll aj^La aA±A Jl iS^J i 
jjjjjIJI Jj _jV 5 ‘[((S)-styrene oxide) a ^£ J jjjii^-(S) Jl«] (Epoxide) 
^•Jhj cPhyosterols —11 aj^UII kLiJI JA) (Steroid transformation) 
Jj5LjI£]| ^tlj] j t (‘Cjl. Vik .aj (Cortisol) JjjijjjSlI ^ 'A - qyg.jj.iJI 
2R,3S)-3-(p-) glycidylmethylester Jjjj JiH ‘(Catechol) 

jjijlSlI ^-tkl j i( Diltiazem— II ,*..n~Vii .ki^j i_j£j^ j&j) (mcthoxyphcnyl 
>-V ,Jj=d' j (Hydrolysis) JJvij ‘(Carvone) 

Jiijj ‘^-gaJ J l (Naproxen) jyuJjjUilj (Ibuprofen ester) JjjjjjVI 
Jl jvl j ‘(n-alkanes) N-ejliJYI i ±£\ j ‘(Ketones) jjjll t> <— JdJ' 
.cJjyJJ Jl J ja£3l saJ J J Jj (aldehydes) CiJl^dVl 



Microheterogeneous systems jjliJI 

iui chyjjltl j ( Microemulsions ) <LSj]t cjLLluuJI JU 

V 3_li=uj (jjjJall khLa Jull <^>U. CSU ( Reversed micelles) 

Jaill oil A ^g j"l Vi j . (_g ji^i»ll jjall (jC. lyj&Ua jjaI jV bLjls Jl3 JiLall jjiall 

£jj CnJ JJ (> (Surfactants) J jjll cAc^*, Jo sjUII J 

. ja.i.o. . gI I ^_g jjJoudl j JjlII ^3 a j c-Lall 



JJ 1 ' 



A l^jull JJ c“lK >m* 1 dl^lj£j AjlxI J^XaII Lh^UJlaJI (jj 



JJ Jjl! .(Apolar) CjUafl J xjjV I lIAjj-AaS! ^9 

<*lja>VI jjLuj ciliLaj dipj (Amphipathic) j*jll aLISI# diUjja. ^ 
.(^ 13.24 (Hydrophobic) *1*11 j (Hydrophilic) 

jjjLqJ ^^9 JJ jjl! CjldnAdxi j>a s-Loll AJb jl^ll (JljjVI jjSll 

j^i (Polar) AjJaiLobdl dale- jx^x> (JjpkVlj $ j-Q L-jUaSjjaaV I 
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Cji .AjJaSjjaUi (^A^a) fil (J jSjuiaI 4 (JjlSll.ll J^l-lll 

^jJra!.i . djllia 4 x>\ x^a'l s flj_Ja-UI CIjUjJ^j (^_jLUI ^aViII) s-Lall c_jj jj 

A-m^S«<a\t c1l>Lj.iU! (Jj^jujj a-a,w“u^UI <L\ Kc- ^a-^a 

*UkJI jjaj qa US (Hydrocarbon Solvents) a_u jj jlS j j^l CjUjIU! 

.(11.24 (Jj.^11) A-iC-1 ilaA^aVl ^-^UaxUI CjLjaA^-o j Aj* jUi'l 



4 wq j AjjjjSx^II cZLiJi ^iaj a l^k‘i^'1 *LUI a_iaS SjIc. .jUij 

*UUI Jj ^g-^UxkUl jjjUI (J^LLaI (Molar ratio) aJ^-UI ajjuuII <^j 
AjV cilU j 4 A_i*aVI ^JU ^A ^jUx-UI I^A . (^,‘nJouiH ^j^a^^H20 == H ; Q^ 

J^.1 (j-o s-LU! CIjUj^^. ^)3l jJj 4A1j3-c JS1 a Wj C-Jj^joi 

^jy-UI ^jujUjjVI (J-UjUI Ajl LoS 4^ ^jAVv'I u^j L5^j W-^Uja] 

.aJjaUI is^ 



A^jSjla]! CjvLj^II aILulUI jjjaII lj! ^ 4 %a ^ic- Allal : 11.24 



4 null 



JJjll! J/1^4 



(Cio Ce) ujjj^jj-^ N 
(N-Hydrocarbon (C6-C10)) 

jtiSjl jjJ 

(cyclohexane) J— %a 

ajjjKII ^4j a 

(carbon tetrachloride) 

(benzene) ojjjjj 



(AOT) dA tUtiSmjj^Uti 
(sodium dioctyl sulphosuccinate) 



(jl!iS jl J j aaiSjA 

(hexanol/isooctane) 

U^jl (CTAB) .lA-aj^j Uj (JA . um 
( hexanol/ octane) (cety ltrimethy lammonium bromide) 

jt&jl/fjjijjjK 

(chlorofonn/octane) 
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^ o^A* (TOMAC) 

(Methyltrioctylammonium chloride) 
Cp&J Brij 60 



^ Vi ^ Vjl i >6 j (_J^jL-o£jA 



(triton) 



OiJ^ 

VjUluA 



X UJJj' JJ 






_jJ Xjjl Q i -I 

(jl%A (phosphosphatidylethanolamine) 



£^1^)11 4jjlJall jjij (_^lc’ j2jS> J^Au CliSljCLaSI J<S tin 



CjI& jjj (Dipoledipole interactions) s-iAalt cj^laiil 



L_ilc.l ^^2 jJJJtjSI ^jj . ~s A mil dAii^A A j Aqhn.«ll i_>“j3.J^ 

-cLujIjj jjjjII (_paiL-a (Solubilization) <jc. (jld^l 

(JSLi Aau C1 l)Sj.1a 1I .l).laj ^aJJ LaS> . j! AjtJ _jl jl ^ya (j_j£-a 

Auj A » ClALi-lxiit -»)*il Jlijj ^jill Jxudl -»l*nr -a . 4 _jj jjJall 4 -i3'.3,mi]I TjlaLLa 

(Sodium (AOT) ^ijij»iS . i jALa ^Uj ^l ivhd 4_ia (jj*A. 

AisJ; ji ^jjj] At jj jj ja j 4 dioctyl sulphosuccinate) 



CiLuldl ^ o jaiu.iia ej^ldl ^ ci£ti£i AOT S' .(Anionic) ^ j.T.i 

AjyS ^.Ail ( iiu .Lal^iCLal jj£V' t-Aji-al' (ISOOCtane) (jtjSJ jjjVH 4 4jj>.b»..ll 

<aj 3 .lie. i60 = Wq H 2 0/u^ jl jjjj/AOT ^ ’i a \ \ ^.LJ] 

La£ 1 )\ Vdui L-flli.ui31 <juj aII AJjAa]! caAA (j-a ^ic-l 



. JL^aajl 



4_Loi ^-uj da^LaA-al! ^3 dal ^11 da^j^A Aal 

^lc> dal qn Wall j AjjujLujV 1 daLujI All (j-o Aj AaJI jIjj ^ dll A Ad j c 1 9 1 8 



^ic- ^ I AA ^.Ic- 4-lid V 1 (JdiA'A . djl ^dldll j dal a\\ 
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4 U,,il y (J.lnnifl £jiao!ill J dljjjllj JjjA. 21 (Jj'-d' 

t _£ jill ^j_yl j.4~A l"i 1 j. : dli cjIajxo j ^(Protease) 



(Stereo-dt' jilt ^ y Jljoi-VI j t(Organophosphorus hydrolase) 
(2- jjjlkiA-2 Jl jlkl j (Progesterone) specific) 

(Alcohol J (jja. jjd& die. jU CjLoj jjl CkJ jj Heptanone) 

(Penthylferulate) d2 3 yk JAmll j -ddi j ^dehydrogenases) 
jjVI d£l&laj j c(Feruloyl esterase) Jjjijjadl jl jdJ CkJ y 

—II l AU. CkJ jj s ji^dl (Chiral epoxidation) ^1 >21 jhiliill Cajda 
dMicroemulsions) 4 !^! dUdd-alk kLdall <U£1! Mycobacterium 
JAll j (Galactooligosaccharides) ki&VUll dLjUl cAIJa ^ddi j 
Jdjj£AUdl dlajjji jjAad (Alkyl glycosides) dldl jj£AUll 

A.,uai]' Coj 3 ^ t-> , ii y (JjaVl aldl ^jiixaa A . >» jjlAAlj .(Glyeosidases) 
dj-vjll 12G. Cal^l ‘djYI ~ ‘ .£jiadill CjAc-Uj ^ 10 (j^s Jjj£j ^^Ull <-Wq 



dA&liall j'j W'j dl jq-s-all (Stability) CiilAj aAjjj ^Uail ^idll aii& ^J\c. 

y Jj] 1 ^jaid&a dlllj)^. <J jh . . ' A"'j ^aiLall J.^.3 j *4 Jj ;a -d <jxulloll 



Very low water systems p Ull SjjXui fJaj 

l . 3 ^3 c-Lail da£ l (Jj^diil dl f f- Jj^j ddil .llLall Jj-a 

dalljj lAdjj 1966 4-d (Jd-all li& ^2 Caul^jJ (J^i did dl . y& .d. ^11 (Jc-lilill 

Jj-a Iddl ddlil ^_il J yu y y i I Clll*2 a Aid! Jjl diadl Jjd . j (_Jkd d J1 

L-Udll aliiil (jj . 4_aaJ y $ 1 diAa 3 j Jjjj j^jall *dj ^_ic. JalaAQ d j j jddl aLall 

£ 1* 

(a j/i.^11) adaixll kll jj ^ yj at-al] ±^-all a_Lldjl Jj j' ^>auL^ J i£ ^da*JI 

yy^\^ da_jj^yill aLalt 4_aaS Jjl La£ . I a^jai. JjC- (a)^j^j ■ >>11 ^^jLall 

Jjfui ^Lti .(Hydrophilicity) a '-ail ajjldl 31A sAj j_a y£ Jld j^SLuj 
jjjiiaaVI (a-chemotrypsin) j y^y >aj£-Ull ^ jjV! kakUi jjj Jllall 
.(Pyridine) (jj^jjCil ^ G y ly 10000— j ^ (Acetone) 
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^Jjoi ^ 6-lxJ Jc«lij]! Jajaij ^3 e-Ldl Aja£ (joiLiS (j£-oJ 

.(mol 1 1 5lj jl (v/v %^ AjA'N^dl AJjoiaSIj^ C-Ldl (JJjLiiL ^a 

c>» J^VI Aijiall jli cciliil .^Jj£U Jc.Ulll Jaj^jai (jdJJ V ^)Lixa]I IjlA <jl ^)JC. 
S-LaII A_i]1jl3 ^^IIujj ^j\j ^A Jc-lilill Ja^aj (Aj^LajJ L_lila^)J 4_^p .Ij.wM cilli 

I^a . c/4 w t (Thermodynamic water activity) aAiaUj^I 

*UII CjI^jjIj S^)jjjLla -i-l^j ^jl AjI^aJj t^\)Vi\l ^ c-LaII 4_ia£ ( < jaASj c5^l . ^)Lut-all 

jaJ IjJ 4_a*ald t(Jclij]l (_f/ld jj*~m jjl aLall ClUjiil (jSLaJ .^gjljal^ill (jjljlill ^3 

dilc-lij) IfrSlgiJ J ((Esterifications) ajiAM d21elsj) *1*11 JAdi 
JiU. (>. ajjIj eLJI EJUi ^^Jc. JiULJI ^Jl (_> tiilJil .((Hydrolysis) JAadlt 

(CkLal) Adllj-liA ^Xal Ajldal (JliLa. jj-a jllLa iJc-Uull h n J-> 



(Jj_jadll dll lUc. i_Luiljj AjjIj CuLa 4 -ill*j E.j njfrliall Ja^ij 'i^dCa 

.<XaJ_yVI 

<iLt_a (_gja.lm.aS dlLajjjVI _d.l cLall (_paliajl oddlll ala ill jpuJalil 

^glc. AlilLa jl (j 13.24 J 141 I) 4 -ljdaC. djlllda jl t^frlj AjAa A iU-q 

(Covalently CSjldj < 1 ^ dlajjpi j ‘CLEAs J\ CLECs JSd 
.(_a 13.24 JSj. ill) C y^c laLaJ jLjill ALla modified) 

idlj-ia. (j£^all (j-a Ajla tCijja dll jq^-aS I (Jgja.1 . a .all ^1.1 Vn.il .lie- 

fjjiVI i“ n 1 T 1 ^An (JSLda]l aJlgl (JaJlj .aJ^yVI tdllll^a. Jj£j a _ n..n (JSLda 



(jjaj ja.VI £-a A-lUcj 4Aaj ^aC-1.21 jliia.1 ( _ 1 -nj jl 1 ml l.a ^ ll.^i ^C-E ^^ic. 

<jV t(Aquaphilicity) oLall t_jja. SjASI j tAaJ=u^ jUicVI 

jiiyi Lm Jcliill laaaijj ^cUlj t^jyjVI jjd < sjjj Jc.lijll 3—» > >i_g «.Lall 

. fj jj^U (Microenvironment) ALiadll a%1I 



o^ALia ^_A Cj II laLuijVI ^-3 AxajjjVI dllaL«-aII I -la. a j jAll ajj^ill (jl 

a.Iq-N all dlLaJ^jVI (jl laa.j] A1 .{Phi) ^ n> j^)JJgJI afj// a^f£lj 

(> J3&j (Proteases) jld jjJI j (Lipases) jLuHl <> (Lyophilised) 
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JalxiijVI J (J -LaVI JUT* J jj' ^aiijl j (_Jl (_jji (Jl JaYl J sJboi^VI dLaJ J 

(Ionization) jjjtill ^A JJ SjAUall o Iia j J ij . Allall JJAAI j Jj>;a».ll 

^J “Aa-all CliLaJ jlV I jjl ' > s-i it lA j] La£l . j j A MI (Jal (ja aj jljl A ~\ '~\ . Al 
AY\\ AjlLa J Jl 4_A^al3 31Aa (Specificity) 4-lC. j! (jji Jj>,.>>».II djiall 
(Steric (J-l Jll JajASI Jj liA ^ nun Clua 4 JlLall JaLoi Jl J Jjjl Jll 
(Conformationl Jj Jill JAill A^a jlda aai^ ^ill hindrance) 
Sj^a fic. JJ j iAj djiall J ( j J j Jl j jjlll) ^ Jll mobility) 
J ^ajjj/l Clililjal o-Lali AAjAII JLajJI Jl_^a (J f-All Jj Jc JJI 4_i£jall 

. Jji j~>»ll JaLuiJfl 



-la3 4jJi tj JujSult (JSA1I “A^ja. jjai Jaiaj o-Lall HljJ (jl Lai 
c~u>iq-sjl ,ia Sjl jaJb (Deaturation) JAI ALac. J t( J jia ja IA iha jl 
.Cjjc cjjia J (Suspended) AAdl dLujiVl J jj ^ JJ 

j^a ji l-n J_ja*ll CllLliiall d 'I -a) jlV' AlAl J jULa cjlliA 

J JaAl JJ laAaJI t^-XaV' jl (Excipients) dAI jJI Jvi J JA 

JA (j^ JJAill (j-a dlildouill oilA Juajj Clua. 4 .liaalill Jlia jLall ^^-ajjj/l 
jll JJI i—A^all Jlial jl <jjj3ll-a]| l"'l lijll (JA cdjliLdaa aji . dial I 0 . 1 c. 
lijt^a dljdu JUali 4 jLall jjc. (jAlajlAJ I A la ml jj jAMl -Ixi Jill jj Jj 

J JJ JjJ JlJ ^jjl J (Active site) JUill JJI jjAi J 

ALaaJI Lijj (jl jjai LA .oj^)*-all jaijlLM JLAa 4 . iixaj J_Ja*JI dAlLall 

4(Sorbitol) J JjjjjJI J (Sucrose) jj J _JI ALA JA <> JAIL 
jd jll 4 (Crown ethers) JslSVI jAJ J J JjH& uJjjJ J Jl j 

. , JAll J-lLaC. (JLA (jii j^jill (jj jl£i J Clil jljj'lll 



J Jjdaxll CjJdall J JJall CliLajJj/l c" l\ q\» a J-lajjoil A1 

J^Jll djjjall £JJJJ JLaC. (Jli-a 4jj;JI Jjlalll 4 "An Aill j)-a 

4(Lipases) jjlll dj J <Ao.l jj djjJI j jjaaII (Transesterification) 
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.(Triacylglycerogs) J jj^uukll JjJ jj > kil ALc. ^a j 

C!Alc.liG I . .V' tLall <Lis JaLu jl ^3 AjjjaJl dlQq -4 all ^jC. aJELoVIj 

jjc sjaUl£ (Reduction) Jl jllVI j (Oxidation) si-iSSfl 

^jjL a cjliiaLAS (Asymmetric sulphoxidation) SjMjidl 

jiiliiall jjc Jl j±l^\ J i (Peroxidase) jl-i^ jjAI 
JjpAI j (Acemic) jll (Ketones) cAj ji£ll j (Aldehydes) 

Jlj£i (j-a j jA all J J^AI (jx Ac. jlj -tj^jl AjIaJjojI jll Ajjljll 

(Regio- CAj AjUdjlj (Hydroxy lation) J^jj^JI ALA J ‘jL^AI 
(Catechols) JjlAll J] jVl selective) 

. JjfLjlAI jliUi Ajl J^ti. (j-o tla^.V Afr*. I' ^_As 



t 4 j_y^a*JI A ip oil a A Al eiil A x>\l ej| A 0 jAAI ls^J 

A 4ajlA jLiliVI CjlLiLa LS lc. 4 lliA .AjSLSI JlsajLl 0 .}j.l 2 aa ^iaill oi& u' Vj 

(jAiiVI jj Jj£Al & J-AiA lilljj 4 (Covalently) AjLii Aajjj*^' Jj.a 
4 Jc.li!lll ^3 AAu ^ hA ^aJ_)j^l uV 4iAijj . Aji><»ll Ajj-lall ^ ^Uia 1 g 1» A 
JU y “Ola 4^jjj^l A'nul S-ilfrl JA <ja 4(j^J • jLA ALLa (ja lilllA (jaA 



Aa! 



jj C. 4 . ' j. 1 a 1 Jc-liJI ^tjja (ja 4 A n »i jj Jj^Ja U 4 ” 4£.1 j 2>. jAil 






t> £ jA lA cs j^' IA .(Non-polar hexane) jLA^AS 

^J <3al jVhnl Ael_jA J^A J>^VSJ .19 (_jjll ajJjVI 4 JA 1 J ^ Jiaijj ajjj^ 



CjLijj j£jj.ng II JL# 4 dll niall (ja ■Ijil-s a .lift ^9 V] i— Jjiu V tJ^I 4 jI jiJrA.iia 



.S j jlSA j (Aromatic hydrocarbons) AjhAI 



-phase reaction media & jlill jjidl A j J&liill JaUuji 2.6.24 

sjc. (Solid— gas-phase systems) jjUI ALAI - AjUll ^Jiill ^ 
aAj^\ ejljS^all (Solubility) CilAijl jjJ*^ I^-#aI 4 ^ 1 AAJ A^IL# eiiljA# 

J L#S 4 CjjLjj Ji£l j^gA (Co-factors) s^c.Lui#]l J#l .eiilA^dlj 

ojlx- JS ■'. j y 4 ^Jl AlaJal .faxiijl yA Jj jpa_Jl fru>jj ^^jAI ^ -all ^ A yL_gl 
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(Overall rate- limiting step) <»U1I J&liill s jlc cdi Jliijl 

c iA j j J.iVi. J j . JjLJ (J jli_a3l ^ 4C <JUti j!i£l jlill ^ jUiliVI (jV 

.jCl^AL (Jc-lLall Ci jii i _ i‘'V' ^jSai <ili t(45-85°C ^tiLo) lifC 

^ic. ^Caj ^ 'l.AI — ^lidl Idle. La-CCoAl CLaj^VI (jj 

jl.cC J j t (Alcohol dehydrogenase) J jadl jjc* 4x. jli Jlidl Jjj~ 

Jlo iajic .(Lipases) jlAll cUiji j (Alcohol oxidase) J j^Cll 
cl-j'^dyc ^(Volatile compounds) sjUall clCjAl Acl cLuj ~H\ 

^jjj jj& c(Ketones) cUyiCll j (Esters) cl jiA/lj ‘(Aldehydes) 
‘(Oxidation) scCVl cUtlaij ‘((Alcoholysis) <KLJ) ^Jicll clCjadl 
(jj . cljj Lxl l j caJaS/l -clCa Jai (j^s 1 _ s -uCj J£c ‘(Reduction) JljCAIj 
Jic. 'sCu (Redox reactions) S-djaJ cA'iil cLcidl cLujjYI 

LlCk AjjULa 4dadl Lljdl (jli cUkAlCj l_cjj 4CC IgjYj ‘'idaud (jal _^*JI 

Jai 4 iq'II CLajjjVl jj£j 1“° 411c- “4L ‘ _ nl .a-C.l-...d (jal jxll AjCj 

SjIc. ^Cklij ^g r -AA u "' 4-iLoC.j 4.ijWll ~jVni (.>0 CjLj 

Saccharomyces j>a 4iidl IAUJ dcU ^ cl c died AiKlI ALd (jjSi L 

(Ketones) cUjiCll j (Aldehydes) clC^djl J jCl JJ cerevisiae 

* 

tc4l lAldl Ca w"i.„l ‘4_jlCo jij ^jc- J . o jCj-CI 4 it. II— 4 , \\ 9 II CAc-lid ^3 

(1- jUjjjjjjK- 1 (Hydrolyse) Jcci Rhodococcus erythropolis iy> 
-^jUll ^jdl Jc-UJI (1 -butanol) J y'-C- 1 J! chlorobutane) 

ClC jd 4_c_jl jJill 4 Vl i A\ ^3 4_j jlad sIa 4 j'al ' . ^_ic- JlLa jCa ‘a_lLd 

.e^jLlJd 4 ^ . >>■* II 

4jjo^ Jc-Uj jaLui jU Ac, jdl (JjS Jjl j^tll 3.6.24 
Super-critical fluids as bioreaction media 

4cjdl ^ Lujillj 4cjdl (_3 j2 (JjI jjjiII ^ ■Caj^yVI C!4c.lajll ^ llA'n 

“Lllc (Mass transfer) Jlaiil cVc-aj ^ddl dm Jla ^aCi .aL jt^< LJc 

<jj|^2kj cLoill jjc. 4"ij. A -S i_uuijj .(Jc-lilill CiAVial liL^jai !A-£»a j 4 1A1I 
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(JjUj) ^1, lVn.il Vila t(31°C) 1 jn.n 4 .><A i.dl La.^aJI 

l&jLijl ^aJ ^^jll CALl_jVill I^ya AjJkxJI lilliA . (jLi^/l <— llc.1 ^ (jjjS 

e.Ii.ii^l '.^Aj 4^^pJI l3J^ . 1j . > 1 ^ jl <s^-* ^1-lViuilj (J>sl£ 35 “'J 

Jdvdl i(Cholesterol oxidase) Jjjiiuu]_£]l jl^£j ^jjL JjjjioJji]! 

JjoiuuliJ (Stereo-selective hydrolysis) ^Ijall y 

Rhizomucor (Lipase) jLLL (Racemic glycidyl butarate) jll 
(Homochiral R(-) cd Ju jjdl JjawJc. (-)R ALd <_]J j* e^idl miehei 
^ jjidl jiJ ^Jjdl i^ijJI jLliill (jauUidl glycidyl butyrate) 
£uaj sjaU' Cy> jLdlL jia-dt (Aliphatic polyesters) 

JLAM Jjjijil (Polycondensation) j.i*idl Umidl j (Lactones) cAjyi£)U! 
jLidL ja^-dl jiJ ^Jjdl ( jbVi t(Glycols) Jjl^Ull j (Divinyl esters) 
^JAull tiiljjjaJI ( (Oligomers) tiil-i*. jll cALia *Ua&l J=J <_> 

(N-buteric acid) 4jjii W v^a^-N (Transesterification) 



(Oleic acid) idLdjVt ji ojiioi! . jUdll CjL&jjil ^l.iVnulj JjjliiVI j 
jA.dl ^ j u Will t cim-all jLalll ^l.iVn.iljj (Oleyl alcohol) (Jj^.511 JjJjI 
4 (Triolein-based sunscreens) jjdjVl J&. ^Ull jjj l) , »i .i L , .l ] jUlL 
(Ethyl behenate) ejlij$-idl JjjJj jjJjVl jjj JaLnll CjliijaJI ^.jy 

jiuiiljJjAjfi - till CjIAa-o 4 bml^J Ij'nnl' ^jn<Vl tClm-dl AJajoil ^J 

t (Surfactant) J*ji It q-^ai slii-J (a-chemotrypsin) 

Ajj^aL^. l "*1 i**n . ^)aJjoia]I g. LuiarJI (Jc-LLc ^3 A-Ia-ailjJ (JaajoJI dj LJ_j 

djli^^-all lA.bJa.qj L_ 1 jjj t(C0 2 ) jl ^Ij C-jUaSbail 

^^^Jajai ^)JjJ djldai^A ^)J^Jaj ^C.^)]Ij 4 l^JLaxIiuj V fiJjLo A^j-a cc-IaII 

JjjoiSjI (.5^^ L 5^ ^ AJfc s-IaII A i-\a1I jIjaII a AjtJLajL ^-AjaiJ 

CjIj£^>a]I j A_J^Lajl ^jjjat^J (j^AJ LaS . ^^*_a]I I JA L_jlilil! J 

Ai jj*a!I c(Co-solvens) 6 Jc.Laa 1I djljjjiAJI ^ aJJS cjUaS AildaU 
(3.5% mol mol" 1 ) J ylLLl ^ 4 Jlidl .(Entrainers) 
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( 3 - 0 J .^j^JI JjjSI jjjj£2! jn.i^jl 3 >lj j^9 Jjj.rn.nl .jfll -LalbL^jl jjjatjl Jiiofi 

jiNIj jl^Jl jJJ ^jsdl jj3 jjjj^ll ~n . . 1 ^ jl ^jlj] jS-aJ tlalajl 4jlj.lj.la-a ja.^i 
C 5 ^] j-ljJ La ^jjNI ^iajj jC- 4 jjjjjJ=J 1 4jjLall ’ijoiall 4j! jlj ^ajSJ jl 

(Near- <r j^Jl jo jjjjsII jLjjLl fl-iLiJ ^ tiillJ .(Deactivation) -diiuu 
CiLujsJI £jj jj ejliLao tjjli'jxJl oi& Jla jjlaal critical propane) 
AilajJl CLECs j»llajjoil 3 ja. La£l . JjjljJlj Lll jjjjjJl jjaoia - N jJJ ^J-lLliil 
t JiWill j J-lliill diljjjaJI £-ijjj diLle-lij Ja.1 3 * t^j^Jl jj3 jljJiHj 
^jjljj 4 jtj jjjl i (Freon R23) j jil 4 jbjiooao dll jlc. 0 . 1 c. ^.nVi ^Jj kalojaVIj 
(JjUII 3 -oSj .(Sulphur hexachloride) ajjjIsII ^Iij c_jjj£]I j jjjVI JAio 

4 . in a; Igjl j.ig j"i 4iKj ^ijjoll AiUalS 1 g ilLi ^ ^Jaill oj& Jjo ^ ^.mLmVI 

. ' - J ^JLJl )->» .^11 jllajj-jl 

kjjjjSH JjI j*jJ 1 AjjoaJl Cil jia-dl 4.6.24 
Biocatalysis in ionic liquids 

ts^j ajlja. ^ajJ jjl.n"' V Jjl jou 3 k -LjjjYl JjI joull jj 

(1 .J-4 J j ;V1 4ja_Jlll jj j jj jjl.lioj J.;S1VI ^jbj — 1,3 jjjl jo Lai n_altjj 
CiaJLI jj ^ jaujjjjL <Jj£ii -N jjjl J dialkylimidazolium cation) 
4 4 jjLj Sja-L ji jLoo jjc jjjl ^o t(N-alkylpyridinium cation) CjUjYI 

-LJjojkll jljoll alA Jla jl j j— ajoll jo jl£ ijl .NO 3 jl BE 5 4 BE 4 J!lo 

Lilioj V ^ .Lj-ia*!! cjLjlall (Green replacements) ol cj L ijULjVIL 
LoS 4 (Thermally stable) LJ ja Sjiiiuio j t (Vapor pressure) jLLj -Li-b 
(Hyrophobicty) «. Loll (UijL) I^jjaI jS j (Polarity) L L.LLJ luja j£*j 

4ja-j]l ) j ;V 1 jjjLU 4j...uU.o]l CjUjlajll JNa jo » j.' La£ a_JJ.lo]lj I 3 L 1 J jiol j 

Llli j i -Lu jjV 1 JjI jajll J jj . jj 4jLt3 ClLajjjVI La ojlc- . 4_ua-Lil ^jLail jl 
£-)jl! jo jliltVL SjJla Lc. jo j.o lilliA .jja_uioS A.qU.o Jj l^jLjj 

Jjljodl Jja.jj LjaijCj klLti 3 k cjoala. JSjoj jl nil' CjLajjl! f. 1 jjj . .A 3 cCjLajjlV! 
jl VLjl jo jkoj jjjajl Jj jjajjl JaLjjl ^3 Cjljjloll a Lb allidjl 4jLli jj .-LijjjVI 
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^ ClaLli^l "n q 11 j A ilVq*nu3i Ajl3j^-o 

.4_21c. ^Idj] Cllls-UaC. j <xjjjuj Cl3lc.lij J] 

U j j ^ic. c jl±il]| CjLojjplS 4 djLoj^j^U aj jl ^pJI ajjIi3I ^ 3 *-^ 

(Active Altai ciiljjj£j c . \u*n t^jj 4 AjjjjVI 311 

a£ jL^]!) ajj151i!(_SI) 3 j 3 *j L^jI t*£ .^360 conformations) 

JaLaijVI ^9 3^JI (jl * Aj JU.\fl.,i3l JatuijVlj Aj^jULo ^Ajj!^)-3I 

<Lot^l! L2)LiJI ^jl Vj 4djLaj^jVI ^1 Ji^kjjujl ^ lc> ^jujLuoI (JSjolj j£j ji5 ajj^jVI 

C5 I^ Liaj! iaUj E. coli —^\ j 3^31 Sjj^kj 4 Rhodococcus B312 

ajj>,A 11 Ajjic-^U lelijl Jsl ajj^jVI JjI _ j^3l 3 oj^ 4 JaLxjj j^\ 6^a jLa ^^9 

. Aj jjJaxi! CjLu Jl 3I ^j-o 



1 ^ **< < tl 9 Q t AjjjaJI udj4x.a.H £■ 4ilaVl ^da*-) : 12.24 Jj.iaJ 

aJjjSh 

Jfrlaiill 



J- 5 ^' j^' &jy 



(transesterification) 



dll j-1^A jj^)£]1 ( a_i1^j 



(esterases) jljiLd)[l <— lUijji 

jljljAiA j' Aj j jfLpUil cjUjjjt 



(glycosidases hydratases) 

c-Ldl 4il_Uaj 

^jiujjUo. («b-l,3 Rhodococcus B3 12 

( 1 ,3-dicyanobenzene) 

(alcoholysis) 

(amide) -i^Vl 

s jij'yi 

Perhydrolysis 

_>H (jrb^' 

Jjlidl CjUj jaJI £JJJJ 



(lipases) 



jLullI CjLajJpl 



jljj j jJI diLaj^jl 
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aliijl jj _’A"' 

(stereo-selective hydrolysis) 

(jjiiSlI jt jii .1 



(jj jjV jjjII 
(themrolysin) 
(ot- jxjS— lill 

chemotrypsin) 

.i’ 1 . - .' 

(subtalisin) 
(redox ^ 

systems) 

ijj 



II Ailaj 

NADH- 
_JI Siu£l 
syrringaldazine— 
_ll SAu£l 
guaiacol— 



uj'uoj ^iil j 4x. jlj 

(formate dehydrogenase) 
(laccase) 

(peroxidase) jl^^S JJ; u 



Ca.lLa A^jj^yi (Jjl jjjJI ^3 <11x3 <jjj^ll Cjl^p^-all Ic. <llLa^/l 

(j^axj Ai oil& (jli toJj^xJI ' 12.24 ^ 

te.'lix .all 1 g'nVn j CllLiLa&j 4<dlxjl <^jjlll 1 g ij; (jx tdlLiJ j.W^ll 

. 1 g (pH) ^ \.'> J c-Lall <Jlx3 b>n.n <jji» >.n j 

Concluding remarks Wnuaiall cjUaaiUll 7.24 

ClA.iU,c. ^3 CjI Ji.4k jjail c_Lk-£3j (Jx^aq\l 12 A ^3 

A_i3all j AjIiI^jIIj 4 A-ic-1 u^oll djl^nJajll J£j AaLtlLol! ^ 

. Aj-ull A^JU-alLj 

AjjLloj^J! CIiI^jLuiaII i^a CjIs yusj ci3Li& 1 A iLax \l 1 “ n^fc 

(_£ jLolg CjIj. 1 (j-o L^- ^ ^ .AjjJ^JI AjjUaiSII j 

(jl LS . A j\ax SI AjoaAiAj ^.LiajSJ! j ^aic' <^3 



1022 



ji-aVill dlAaC-j t4_n>iiV' A m.Vig II j tDNA II i _ n >'iilj 4jjaj dljjlaiil 

(dVLa».Tuul ) dl qj A'l (jxi Ljajl £jjij -oB Aj.n'Vi jd JaLuijI ^3 \l jjq V?! j 

C2I jd.l)kj.lui£ljj 4 i»jhWi (Jjj^ dl ;\.ac- ^1 kjjoaJI dl jA.all 

dULuJI (jii J-ISjII v _A- Ua ( ^- a ll j-a .(Oxidative /reductive) 

(_i?.l i^ya AJjoiLuiI dui _jA ^ill t (»i J.Q ;S1I j s-LrAM ^ic. J G t >i. *1 ~lg II) dVl •N all j 
dll 'i.la.la. dUnWl till iA (jl La£ .4_dld jjq Vi dljLuix 

Ajjj^.11 A j ij-ill j iA.\x j‘u Will c.dn£L]l J (kid-all jl A j» nidi) Ajjj~vll 

. NjLous lA jldl £3_Adl 4 jjj 3I i_]jl V j t(5_ij;i^. dLuiLuti) 
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A if- ' i sl \ A ■■ ! ■ -.<» .-. la..U-,n 

♦♦ ♦♦♦ 

Immunochemical Applications 

Mike Clark 4 djU 

University of Cambridge, UK »±*1a1) 5ju>U 



jiUdj uUKSL j j*ma 

tAeliaU jjjj , 1 . >iu . 1.0 ^ hWi La^jfc jl ^_a :Adjuvants SjcIujaII j1 jaII 

* c 

^^ic. Jc-Luij La£ till! -sjg"' J elAjlgjll l. Ilm'i ^^3 .Ajc.lia]l 4-ji V'umVI j_)*J LS ^ 

. ^C- Li-all jl g -sll L£}Ia, )-ij > a n 

. (jjljoll Juc. A_*ojL^ 3 jLja-oil ,ii^| 1 _laj j eiulij : Affinity I 

<aHo aa^J J IALLj jl (j-iiai :AIloimmunisation qIajM 

alleles cia>LJI Cjli^tii.1 iilli& (jjSL jjll (_>^j ^ ja. 1 J ^j-a 

^ ^^vij *■“ ^ mjjj : Antibody ^Lua^Jl ^u*aJl 

^jIaII Iaj^L 64^^. ja Aa^iIjaaIIj 



Jjs ^ja (jA l_j£^)a jl ,3^ c Antigen »wa*UA.all 

.AIa S^-IxIIa]! AaJaiAllj A (^UaJI jjjliil) jIjJoaII 
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IAU. j :Antigen-presenting cells (APC) 4 Ja jl*Jl L£Lx21 

(macrophages Aa*lili LAU. ‘dendritic SjaJ i idl IAUJI) 

djI.’U^-Vuii a J 4_iJ3^)aa]I CllLijlSJ! j-a ^a,jc. 1 g“l&l Wnulj 

lAlaJlj “CijLJI SAliJI tJlLa^ ^^C-liall _j\ g -s II lAlxl I g *s S-im ^C. 

. (4-ijtjSI 

^uia. Ji.b (t-'l Wn.^ dilliji. ol^j <&UJI :Autoimmune AAlill 

_jl 2l!La tjjija J] jj /jl A nt'l (jljoaJI 

. j_ys^y> Jl£uoit (_pMJ 

| 

ajl ><n.all t.i'A' 1 (Jclij i^ya “CauLiSI <Slatall 4jaS2U ^•lS-n>-i.all _jAj I A Vld lt\’ Squill 
J_)-a -ikx-a J mC- jA ^iSI j eA.WA.ail Aj-aJjaudlj -SaJ^}ll ^is! j^s Wu.iLl 'uWu.i.ail /<_a 

,jilt iajll CjliH 



(Cjbjlwilt) a-Uiajull LA -s II (j»a Lc. ja-sa ^a :B-cells A.j")Li'H LilxJl 

■ a jl ^aLuiaAl ^Slj ( _ s jll ^aSI 

Complimentarity Determining (3j 2j ‘1) fWLdt jJbLla 

CjI j cjlcUaail s j^lia ^a j : Regions (CDR (1,2 and 3)) 

£»a ^ i h n^)il (JjLiLall (JeliAll ^ya aj ; )T.'.Wll A qli 1-all 

aAxlj A. jlgA ^^ic- C'lVqW ( iAi-all AjAxj JjlaLLa (J^joiJ (j-a . AjA=lLoiaSI 

. jl 1.^1 a\\ ~s 1 1 (_£_jj£L 1I ^Uakll ^ya 



aLw* (a _ u ^ ja :Chimaeric antibody ijjaajSI] jUxaIS (jo-taJl 

AaJ (3^ Cjl&lka JI.WJ Ci^i DNA SI ‘ . IJ A'lj 4 _uSj (J2Li. (j-a j»>>^.a 

djijjj j^)J j\ eAlxWa ^aLuixl j-a . " '1 r. 1 U'a i a jl L . --'VI 



2 llLa i^C-liall (jj jj j>.lrll ^ >.i l\j]l I IJU Will jl jA '. ClaSS ‘ 

j\ A ^llaSI tG ^^d-iASl iM j^diaSI 

E ^£-lldl jj jJjlill 
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laj^j ^ ja . jj LjjI i o ji=Ja cjLajjjl <LlLi ^ : Complement ejUAUll 

La-a ,~U>>"un.alt j jLjaAl ajotaJI ^j-a <i]^a]l djLiSijAil Jj 2 J^a Lgjjljl ^ajj l^a-lll 

. ‘U.nnii.all All jj j jajliVi ^J! 

jja. AjJh . a ^ j tDiversity segment £ jiilt ; Ul»a :D-segment D-A*iaAfl 

i 

V A*ia3 (jjj iiC.1 j ^^C-liA! (jJ 4L3 j 1I CALaluill ^3 oJj^.j-a 

.J <*JaSj 

cJjL tj :Effector functions j^S\) LiiUaj 

^ CjIa-aAa]| ^A j . Ax^AxaiaIIj aIxJ^a'I ^xxi'sM (j-Q 4^. Lid! 

^j-c aja*J 1 ^Ic. 6A_^ ^-dl (S^^LcLd! AiAld! c£k iajjaboj Fc cij^LjSjjabcj Lojildl 

. 4 d*rl,dl L£>LaJI ^l^j! 

A )_^.^-d! ALxAxdl (j-o ^ j ^ :Epitope 4 4*11^1 1 

.4qtK «o (j-a ^ll'N.a SaLJoa JaJJ^)J <jl (j^AJ ■ < '>^"u>i l <i . AjJoJjoia]! 

Enzyme Linked ^ j ^L^ld! sjla-d! 4jc.lidl 6jjU-dl :ELISA 
J ^Sli SjjU-o ^.a j Jmmunoadsorbant Assay 

t_j£^)-dl ^l.^Vnnl qa tiliijj t^aJ^jlj Li£^)LuIl ALxAa-dl ^ajud^JI 

SaI ^Luia V 1 4_1a£ (jjA-iii] 

c> 4i^ ^ j t Antigen -binding fragment iajjJI <i:bi :Fab 

t aL>ia 11 x 0 \ \ (Proteolytic) ^.idj^dl JVill e.!^^. 6^c.lidl 

. Ajlaluj-dlj !injj 

i “*"•*- < t AlxAxdl ^xx^W ^.iuj^dl 4_^jl_j i^C.Lldl AAAxi :F(ab’) 2 

. (Jx^q-cli Aic. nJan^a Vl_jj V (Fab) AjJaHuxdlj Jsij^) ^gJSAxjj ^jl 

jJjjjlill AiAxi ^ j ^Crystallisable fragment SjjLidl Aiiill :Fc 

Lx-iajl AiAxill dAA . aL^aI! ^xxi^dl j^)JI Aj^jU ^^C-Lia]! 

j>x^i» W'j c. ^ (JaC« £_jIjJ (JaIjIaII (Jolijl! Ajj)\J^a da^-xtilxtij 

.(JjyJI 
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A. ic. L j&j to jjlyu'l Aiiiill (JjsSjous iFC (JjiiuW 

Jc. > j | (JSuuij JaLijjVi 4jlSi-alj t A j\-s \1 ^Jslui ( _ s -1c- 

(jJjJ_jl*JSI ^3 ojjliLall <SLuill ^3 Cj2L.hL.hJ 



J tFramework regions jjlali* :(4j <3 <2 tl) FR 

(jj _jJ_jii]l (j-o o^jilLall <aLu-al! CjlcLiaS (JjoiLoli]! Lj_^. ■Liaj) A a (JjJalCa 

^ya 4_la ^aa-alt j LSj j4l a-iLCuJl |3 ^').W II JfugJl (JjlalCo (J^ Cl iLljjjj . ^^elCall 

.(jjJjjJ! Cjlc.Ua3 

#= X 

Jaj^ll ^Ac. l^pls V ^All ^j^VI -Fv 4 fl..uSj 

.6^1x11^11 A UA1 J 4 qjq^\ 1 <LoiLuJI Cljlc-LLaS ^j-c c_klljj . AjJaJjoballj 



Vj ^1 j\x*.iy \\ Aj\c. <jl ^iiu-a jAj I Hapten ^jnl^..lt 

^j-c (J-ol ^2kj Li£^)Lij Ij^jjLo (jl ^ A1A .AjIA -i^j Wuaui Ajl 

.^J1*MI AA JikJjaal (J^.1 

^j-a Cj^LaiLaJJ JI^lLujI 4_^jl_j *A >1 i >> .a * A-LuaJ^aJ| djU^Lail ftui^VI 

^j-C tillij ^^jaU A \\\A (JjaJ^LaU ^3^)1 ^11 (J-a 0 Axilul^ Ailuull 6-ll^.j O^Lja-a ^aLul^l 
LjaJ cillAj ^»Liii]l • (J-aJj-all ^ »1>VI &Aa ^LLqJjuiI L Qj4Vi JaJ 

>1 £ Ua£-V 4 qlv^\l djlx-Ua3 (J^lj (JSofrll (Jjjal_La ^ic. 

/aLLS i**IP J\ "Su£ ^>11" 



t£U> ^ a^jU t£Lk ^ j :Hybridoma cells ^u^Jl A^ jjl\ L£UJI 

Ac. ^) J)-o C5^ j)*a ill Aij^all \ll diljl^l^. (Jl^Ja ^j-o AjjIj 

^C,^j jLja-Q ^xAi-^kl jl jaVI ^-qI A-L^ia Ajjik Jaj>,Ja,^ ^Ijjl J^l cl^° <^5^ j 

. ^.1 j 

£ > 

<kx«l jj 4jj cjLijj jjj j :Immunoadhesins Ajc- 1141 cjlLua^) 

85 ' * i 

^iiioil! <aLu-a ^-a Ljj ;.<i.;-s ( j-sg .a i |-_1 jjjjLall DNA Si 

.^U4I <> Fc region 
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.1$jL 



clJ 4 ojUja-all ^ \ L_lS^Q jAj ( -ISLX-a ) L_l£^d 



A Yq^ ^jj LqJuc. <jc-LLq AjL^IujI -lJ jj ^lc- ^pllll Ax^u^!! JS-Aj 

. (jl 6jUaC-l jl 



(_£a!I Lo^^LJI ^x*jo 3 :Immunoglobulin ^11*11 jjJjj^IiJI 

• a Jidda ^Luia.1 ^^eJU (aJ.la-a) <JC. jj V-ld dll jjj jjj ^^ic. (_£jiaj 

eidadl ^L^Vl flddJ ja j :Immunoprecipitation ^UaII j53I 

jl Vada jjc. Aeld dlaSijx (JiV'in (J2li. jpi i(J_jd-a]l ^y> JUdim-all VI jY 

. V^>VI a-liLa 



J&- u' _*“J o j«a du£ J ja j :Immunosuppress ^liVI d^SI 

(jxij Lj_jC.j^s liA j_jd (jl j)daJ dYldll (_jaxJ ^3 .AjeldSI VI V' > >Y I Jj» q’l 

LiYIdJ (^dUlijl) A^c.jj a j . .n f\ mV j\ Vjjl ^Idduil (JYld (j »a ViVj j W 

i_ljC.^o jjc. Vjj-sva. jj£j JaS (_£^)dl dYd L-al .V-ldil jl^a. ^3 4 i.ajl-in 
AIDS 4 1»>i"l^.all Ac-ldSI (J-aaj VajYda ^9 La£ 4(_p3ljxYI (_)d*J ^3 lilSjj Aj 3 
.HIV V^uiJI Ac-Li-oJI (_>saaj (^jjjaj VdaaYl (jx AdliSI 

j^a tLAjLaj a. i vd Adj jjj 'joining ^1 a * jV s.i^j j ; J~4.L^lm 

multi-meric Vja.YI Sd*ia Veld dliiljjjii-s cdj ^ASI Vjlii 1 J jj JYU. 
(IgM) M^ldll A>Vl ^Lfcll (IgA) A^LuIl o^jliK 

■VW1 d jn^i'l j J — Vjjiuiluj jjj ^aYl )-il'd ; Ul .«.! ja^YI ^jajLdJI 

. (aldi jlajl) J — A*Ja3 

jV-a 1 g jj'i jj jWI DNA SI (j^ ^LadaiVI _jl (_Va _jll 4jtXa3 ^Aj I J — VlJaS 

(JjoiSLuil D-J V — ^laS jl t4 qj A 11 <c.Ld]l (jj]_jjjle (JjailiLuJ V — ^dJa9 

<Lal£LSi (V-fegion) aj„j>.'dll Viadll c.llac.1 (J^l (j^ tVjallSI V-ldll jJ_jJ_jlc- 

.^Idll (jjJjJjliSI Cya 
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,3al jilt cASj-a o- IF Vn^lj I <■ Vu^W :MHC IIj MHC I 



i— sibL j-ajatl ^Viun 4 jl-s\t ^cJajoi ^ Ic dlljjja. (_g& j t4.niLi.ljJI 
. “LijLill 4 jl-s It lr_ J j^. ja]| Jig uu.nll .VnTUiuilt 

gU-it^uall I La :(Monoclonal antibodies) AJLuull Sjo^j SjLuiaJI fids?' 

f >»•% j&j .^r Jm 'ill 4cjj.a (_g3 ^lini (Jjla. Its j^a 77 'V'xi L. i>i^ fin's (_glc. ^_g\ J-iJ 
^.UatVl j-a 'A la» /i 'I 0 j| jaJI 1 iLLaj t4 1 .-V'l . .n 1 j n’lll j£-aJj l-lia. l ija-a jl k^ta 

. dllil jj^JI LajlSLf ^3 aJjanj-all 'ijL^a-oJI 

I La ^Vuuj :(Monoclonal antisera) ^LuuJI Sjjjc. SjLixaJt JluAfl 

^g3 oJja.j»a]l a-il iiOiall ft >nsL?t j^o Cjjjj>a]l jjLLLall 0jj-alt jjj jjj.nl 11 gU-innall 

. Ljjjs a A j . ,n s .alt 4 1 unlit a lis j o^L-sabil ft msL?l j 4.»..u\ in.lt dllil jjsll J , ^ 

db ^UJt jJjjjiiiJ ^ jilt t gju-oMI jAj :Sub-class ^ jilt <-iiualt 
t g »ji«> (_jA G4 j tG3 tG2 tGl 4jc.Liail dl ijlj.il* It JiLa t^ )->» .nit t Vu^>lt 

• (IgG) G (_gdiajl j-lljJ jl».ll ( _ ? C jilt 1 aii-sall j . a ajldus ft mst 

Lila tsingle chain Fv fragment 4 l i. n l.., I t djiLall Fv Aiii :ScFv 

4 ji uV t 4jl^jJI jjj ' g It -sjj fj .in nil' oliiic. 4l-sa j jt t"ns 1 ^c.1 iLu.ot ^1 jj 
. jit ojjiiia 4aJala ^LLakl 4_ljjJjSJI 4jl^illj la .1 j 6 4 Q \ ^ \ 1 ^q\ 

^Ic. ^A ^LjaxJI 4_1C - ji a J : (Specificity) 

(j-o ^ Hxi't jJIaj-a-G lij ^^9 . 4 q\“v^ ^ dll , 1 > >i"t> a ^ &^)Ju3l Jaj^j ^9 (j-o _j99 

"I ddiudoll'' fildl ^C-jj ^A jl ^jl C** n^fc 

. / \ 1 LA .Ll_x~dal! ^_xuaiJ . L_J . *) t. i~k \ > juall" oLaj 

(ciLjtbjllt) a' >>ijilt LLLllI j^a Ljc-ja ix-j^a-a :T-celis Ajjlilt L^LiJI 

4jjILS 1 LLLlJl£ t(J jlVI LlLUJI oJC-LuuaJ jl 4jL-aialt LlLLlJt JjL La] ^ ji J ^1 alll 

.La 'Ii^i'iinn'l t. n->"un"i (^gia. 

.^lialt jJ jjjiilt (> s jjilall LUaiolt ^ j iVariable region V-AiJalaJI 
j2 jjjliil (Heavy chain) LLiill 4.1 >2 >31 <j« SjaHalt iikiLI ^-LLa ja j : V h 

(_gC.Li.all 
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(Light chain) AiiiaJI A.I > .lI > .lI' ajj.y.'.'lLl <alaia]l ^-LiaS j 

Li-all 

A a li 'i ^ g.1 lir,V Igjjjjj jbt_« (j^ AjilaS — AjtlasJl 

djbjl£]l (_> species £}iaj :Xenoimmunisation ^.1^.111 jaLull 

. Cllljjl£ £-1 _jjl (j>s A ~N >>iil jl 

Introduction 1.25 



LUjII (JoujI Ajc-lloll LpLuuill clllkiflajll (jialjj i-_3jxu 

SjLCa-all ^Luia.Vl CjUnJ-a'ij ((jliluil) jAaJ A_}3 jjSjjll Cn ■ a liULj tAjjdaJI 

i _ CjliujjJI aA& ^ -(Ig) Ajc-lxa jiJ Aii^jaj Ai 

(jjljjjIiJI (jJJjjJ tj-« Yw * jUwuiS Vjl l..g.4 )^>«j jas .lgjLij£l Ig.js aL^LII 

# •* 

13 a (jl ^gic. li^.V ^ i t iwtijj .Lolc. j)j] jjjlc. dijl£ ^^31 j ^ 

Ldajl ^C-Jj (jl£ .133 t^C-l_L<JI (Jjt^ll ^3 ^jjjLujIj J. W A (j^£-0 ^-iilj^ll 

djliu j^aII &^A (jlj 4-flia.2t.ll "^joi^II jlda-a" D-u^xtll (jl .^&liaJ| (jj] 

4_a^-g ^A dJU>ix>H ^1 ursVI (jj . "Ajj^jJI ^Lui^VI" 1 A_iC.^j IgJl jl c_a^xjj 



^'\y a Ail j!i] A^lLall jl^a. S jAJ jLojjjoj! AdlfLol Ai j^joj <■ . iu»n AjjJ^JI Ajl£ill 
(j-o £jail^ (^Aaj ^4 un>/>Vi| 4_iC-^j dll j 4 _ic.L1a]I dlLiil ^J^lxll (j-a ^ ^Ha 

^Jc- c_fljjd]l 4_il La tdil.^Xn*)^ U jc.Jj (^^1 A^li^all aAi^^JI djLmll 

.6 jl i>^ix>\l ^al xti^VI 4 Inxtil 4_ll^iJl ^aLai^VI 



Ajj] (j_^J (jl (_^^)j^)da]l (j-o Ajlj i dll aj jW’ill o^A c — aj-a_5 lI^-I 

Adjj jlda-<JI ^joi^JI (jlxli^ll Ajc-LiaII e.Li^.V! ^ (J_^. A 3 ^)*-<JI (JjjjoiI ,j>>* j 

I^A (jC- AJajaU-cj 6^jfc^**vsx> A-olc- A^-a 1 LiA ^a^all C — Iljjai . ^C.L1 a]I (jdl^J^ixil Ai.lia j j 
Ajj£ ^.LjaliSV A_Jj (j^laJI ^3 Ac.l_L<JI jl^A. (jl A ^ vnj AjI Vj 

Ji£l Axilj j aL-aLo dll^iuiSJ ^3 ^11 jUJI ^ j cA^Jaii ^3 Ia^. l-lix-c 

dil^l^)ill A-dlS ^ajl) ^joiI j (J^ t,1\\ 6^)3 jl<JI j 6^jJjtJI Ac-LL<JI ^Ic. *. ^ ^3 A-c^Lo 
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IgG AxLLCI AaL : 1 . 2 5 

^jjoLAj Aj-uiLujVI 

.((jauVL) (ju4j4-\ (jalluilujj (jj^uVb) 
^,-Jaau ^4 (jllLiil! ^UluIuJ! 

4luilui JS j itlujAil ^JUj Lbjj (j^axill 
AJxujI jj AJC&j Aluiluu 4ia jj j^a A fljfl-’k 

AjA! jLux^II .CjjjaHll ^Uj Jabj 

Allaiaj (Fab) ACaluuCL Jajj lUfrjala ICajj 

.Sa&) j Fc 



jUxJI ^a 11 L-Ajllajj AaL 2.25 

Antibody structure and function 

^liall (Jxall ^ b! jLib C5^ &cLja-<2l ^Lai^VI 

AJjoiLujI A \j k CllljJ^)^£ Set (J-OJU . Aj.l*_<a (J-d jC- J AjLXCJjaWi fLaa.1 ^ 

j! ^j-o (. q u>>-a\1 Aj i > nVntix^l < — fljLla j a) La 4 ^c.L1a]I J)1 ^ \1 ^3 

A_^J jj ^j| .‘uXnuxtll o^iilLo j Ax. ^Il<a tAjti j!Lc ^C. (Jl^Col ^Ax 

(Jj3 j! (JjJasCA Cl jLiII ^A aCA c. . n Vun.<Al c_kjl_laj^ . ^j\ j)j*s ^ SLja. S^)j3 

V IgCl V) l^ljlj IfrAiia.sCj ^aJ (j-° J *Aj. 1*-<A! CljLCa^AAll 

jl L_fl^)*li]l IAa .A^il^]l dCjCxJI l*Kc£L (J-ol jc, ^Ac. ^J)$ **n c_ii^)jCil] 

OjfLJ cLja-<AI ^jol^AI o^jC3 ^Ax cA_Lo tC-Clsu c t uVumxAI A^Jajl L-fll.^'nnVl 

^3 (. > nVutixAl A.^lVil j (_£ jAxAI (J-olx ^Ax &C ^Sk^AI CIjI (jAJ A^^iCui A_Iaaj 

A_iX_^j Col] Jak Cilli^ (JaJj Aj jjj-g ^ n VnuxAl A <a3Vil (j! . ajai^AI 

bMx a AjCjoi^. i ^ n*i_j3 Sclc-j CbLiLftX. (JiLk (j-<» ftAdua-o ^A cL*Ca-<JI 
^-Cl ^-4 ^A j) A_ijlJl Li!)Lk]l (J^l^ j-all Ajc.L1a]I ClaLlJ ^)ijau c'’ \\ n>ll 
jl A^jl ^ajl ^11^. A_jl I CA ^ \* JJ . ^ djLjjl jl f. LCaJjll ^a^ll (j-o ^ 

^j>s A q\“i A a Clj^LuAjjdj 1 s c jnA a\\ ^3 (J jJ ^ cl) -0 

.A^,lj Cli3j ^ QiS 
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(JSLuAl ^A jLkJa-all (Jjaj ^-ujLujVI j!il! .lal^^A'I ^jj 

Cy* ^Aj tG (^^LIaII Y c_aj^)*-a1I ^ j»,nAl 

AaJaiAj cFc o^)j>\ u^ll AiAjill ^JA 6 Jl^kl ^ A9_Llu> j iFab JbJaJ-ua-<Jlj JaJjll C-.flJl.uj 
AiAullI AaJai<a £a AjJaluiAllj C_fl-luo ^Vl ^lill Ajj^)a (Ju^i3a'1 

C-LlAJ^ o3& Cllljia a^ys .(1.25 JLil! jkil) SjjLjJI 

(JjIaJ cIjIaJ^jI 4-Ljal! JJ AjJ^^J lllAJ £(_£ ^JA> (jj cLua. Ajlwa V 1 ^JJJ J^)2l 

■ ^ 1 ^JUL^JI £.lj)^.l L aI’^a' 4 q\“<A *\\ ^ajl ciUi JlXJ j 

^j-c Aj^^a AaujLujVI Ajjj^^J! (Ajc«^)A 3! jl) AjaJI .aJj^xaSI 

Ulb cilljj tluJajI Wj^ ^jj jfljq^fc JjjiuAu) j (jJJ^UaJA ^jjjllflj (jjlAuiiuj 

6_J_j£j-C AJj^}£ djlc.lia3 ^^Ic. JjaliLuJ! (JA AIuiLoi (_£ jjV,i A^^k 

Ajj).inSI cIA^Uxu^aII ^1 Jl^j-ujIj j . ^jj] ^ jjj Aj^sL^. aJs jQ^ ^ A-iaj dll j 

^lc> oJflxic ^J)ljj]l ajLjaliA j' j. w \\ ,>>^\1 Cjlc-UaS i4\‘*1a‘i 4 ^jjj j^ll] 

A^nuj Vl^*jjl Axj C-.fljlj ^lillj (3— sheets llu J^jaal Ig xAiflj 

Cljlx.LLk]l ^ja (JjIjI Aqjq^ll JjaiLuiil c^WiAi .(2.25 cl^2j]| jJ^jl) jix ujVU 

q'u/a Jc. IjIajc. 1) lg_iA jj£I jl AxjjI A Wq ill JjaiiLuJI i41‘ia*i IaIu 4&2A Ajj^£3I 
^aj)g q<Q Iaa cAali^A Jll^l 6«1*J A Ijq ill j A qjq^ll (JjoLyLuJI . (filial 

£-1^1 c^JLiA Jlldl (Jjjjoi c^C-LIaII Ajc.^)ill C—fll Vx^raV 1 j c_illu^VI 

ciAjjjj]! a ^jLuijVI aIAM ^JjaiLaJ! ctj s j 6 (a 

.IgA j IgE j tlgGj JgM 6^1 a^ia'I ^ c_flLiu^al j 

lUXJI ^ja 'Xj jl K ^ 4 C— fll jj^aV 1 6^A ^ja JS u 

A qjqA.ll (Jjuj^LuJI ^ja ^3 Ac-Lia]! CIjLiJ^j^Ic. <iuij ^jj . A qjq^ll 

1 A*in cIjj^)Sj 40 -60 X.IK AAuij ^Ajj ^jLuijVI buj ^i*Aj 

Aj^jIj ( — fll, ix^al Axj_jI ^jLuijVI cALaA .10 «90 



,yl IgG4j IgG3 dgG2 JgGl ^ (IgG) G 

jUu^a aj^I (IgA) A ^^c-UaII LaIij s^tnl! LS lc* y4 j y3 ^ y2 

si* (_p«j j . a2 j al ij^^-*^ ^1 ’' Vu n lj IgA2 j IgAl Ais ^jL jjli 
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jj£! o.Iaia CjLgj La_pLll ^ AjC.li«3l tllljJ ^y> L_sljj^aVl 

J!La tj — <LoiLoi ^^£..13 a.'l Vl.n AjC . jfi Clll.}i».j (j»a AjjSi-o tliliu 

AjCjj <4 jI.1^.j i__yiA^. ^ys l kllllj (_£A11 ^jAaiJl (IgM) M 

^^jljj (JfLoi ^Ic- ajlc. (IgA) A ^£ Li-21 t^iLlaLo A_ll]j jjj 

J — aJjoiLoi 1 >^jl a.Wi-n AiLLiala AjC.^3 Cjl-lavj (j-a l alkali j ipl^aAM _$1 

.(3.25 Jlil! J±\) 




<> ^Uai j£ . (IgG) G Acliall A_ml JjJj j j :2-25 JS24I 

Almlmlt ulfrUaij J-fci Jla (jk A lu « A 'A 1 " Almlmll cjlcUa£ .gjiklS ^4a_$u 
jLiu V L j V H AAjAUIj ALSj] 1 Almlmil <ju SjjilaJI LjlcUa&il .^jsl JIa ^k A lu a A 
L jl i^i a jA C h 2 £>« pUa2 j£ .Fab j£ i_aljiai ^Jc .lualuulL Jajjll £iju al jLa , aj L4aJ ^gul) 
4 _uUj jji ..^ n . (jjjL^i!) jjjluiiuJI jjj jail {jk ul Jjjjiuyc Ac. » a_4) 

.Ajjull J^aiiSI A iU’. J^)j JalliS lg-JI jLLa J-ji5Lau]I (jjj A_ajIa!I uujjIII 

^ijlrs'i) i , ljV'u>i.all > iiUi j ^j£- jA (J5 .'.'i ; aJjj.li.aH <1A3I 4.1 U l Igjl 

(J^Lik (_^o j^c.Lcoll J)1 g •% 11 IAU. aJj! null Cj^lc-lilllj ajliLall (auII jjj .^J-Thn.all 
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Fc C 1 ^.i£Luia AxlaJl gJqjgi ^ Cj^.AijaaIIj (cilAjoU J Jaljjj!^ IgJiJj 

(JjoiLujj qj ^ja tiilE qC- tjl ^Lja-oil <^ja Fc A^AjoJI l.g .lUaj] 

Cjbjj jjJI (j-c AJjIc. cLjLaa1^J!j . aj^I^Luiaj CjLga!1a]I 

^A CjLaaJaII Ax ^ a lIAj^Sa ^jj .A_iC«liA]l A-jl^lLaiVI ^li3l LS^ 

* * e e 

AJjVI I^jLaSja ^j] C* n«\ tAjc-^j djjj^aj (jjj j^>JI Jlaj CjLaj^jI ^^jujLojI J£-Aj 

* ' s 

lAA ^JaJ c*UAJj 1 g Ij* 31 ^aJ (_£ J^.1 A_aaJa CAjj£a ^ajJaJ 

JjJtSj Aic< jj .AJjVI S^)J» kst\\ Jjjtiill (_£» liljj ^ 5 -lC' 

4 AjJalboiA.il £a AjSjLij A.„uIjajS _Lajl JJ <C.^)jaiJ Igjli iftAA lLiLgaJaII dAj j£a 

J)1 ^ ^ ^9 CjIaaIgI! C1l> IjaLoia A^ajail JJ ^-1A ^aJJ ^£J ^a^_A_uj jJ Ia^Aj 

Ajj ic-VI ^ l_j j£ pLijj C5 Jc. 6jjls (_£^kl cIjLgaIa ^5Ua 4<JjISa1I .ac-IiaII 
jl Lj^LkJI Jj 3 ^Jj La A-jIa^a!! dAjjlfLlI ^9 Ajjaj^^iill jl A-jjKll 

. Cj Lai 



4 A^iA-aII ^6 jLiJoaII ^aLai^Vl) Ac-LiaII ^Udjjjlc. L— fll u^al ^a 
l jJi* ) c l ^ mnuhaII L_kjUaj (jA Aaii^-A UaLcjl tAje. ji]l l— fll u.^aVI Ljajlj 



(j) JaI^G- j! CjI.^jJVujjaII <ja 4 m a £-1 ^jl £a (JaLxjII I-oJ^La 1 g ia 

^ja Aj (j-alAJ! i ou^ill A^IILaII Ax^UaII CjUJjjjIc. t — fll.u^al ^ja L Iua ^J£Ji 



SjjLlIaII AijjaJI djyljqijbUA ^ jj jl .6 jjIuaII AiAillj ASkUl *>. nVnMAll ^fljUa j 

IgA l Vu^a j ^FcyRIII j FcyRII j ^FcyRI) IgG c Vu^il 1^ a£^ja1I 
4L!)UJ! ^ Aj jliic Lriuih JjaII ( FcsRII j FcsRI) IgE j (FcaRI) 

^ «ic.ljajj IaS 6 c ^C.^)i3! L j 6 Jj.lilA.il AiAjaJl oLiJ A q\^A.A ClAi]! jAJJ 

tcilli AiUjaV Li .AaixkAll nVutiA^l ^ LiUa j j Iaa A^Vi^sa ^jj-ujIj CjLiIac- 

# * * 

IgA t !AiLa t(j^- 0 J Jlaljl llL<\ 1 ?U>ia <C.li-all CjllJjJ_jlc. (j-a i-jUj^aVI «^A (j><» jl 

h_jUUI J tJjJI jl^aJlj jj4) ij' l >> 

•cs^'j cA L^'j 
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igA 




igM 



J^uai :3.25 JLuJ! 

(ja aIIILa ciliuai .A^-HaII 
^1j 1\ (Jjii J (ja 4uL A Lr H l AC-UaJ! 
(jaJjjjlfr Jflaj J&H\ ^ 

d ££*4 ((IgG) G A^UaII 
^ .2.25 <jj^ 

jl jfl^l (IgA) A A^UaJI 
4 j w*i jA Lg_La j£ JgA <ja ^jlluC' j 2 
(j^axJ! lA^-ua*jj (jUJj^ajA JgG — j 

jjC- j Cujaill 4 jjUj L£ jLuu 

J— 4-Luiluu ASjjjla 4-^ jfl 

jljijj .(JaI£ c$ jUj) 

4a ±Lij c^^laII 4JUaa jjC- IgA -Jl 
(Ja Aoala 4£- jA^-a Luaal 

.J2uil JailuoA (JA 4 j&1uLaI1 4aC- jA]| 

AjiUaVi 4 a£ jiil lj! 1 ®4A (_fl ijJU 

— j jjAaII IgA -Jj Lis 

dlljAJ .(j^ujS) "4jjI jSVI CjlajL^IV' 

(ja <iijA 4 amIa^ 4oL IgM 

l^-uaxjj 4L jj ja 4aC- jS lj| ^ji u i 
4 ajUj LjI jj aJoujI jj la£ jLaj (jLxJl 
S.A^jj (IgA Jja S.Wu j CujJLl) 

j jLa j) J— 4_Lua1uj (j-® 3-^lj 4 aC- jS 



(J^lskS CLlljJjJ^jiiJSI didc. Jyq'nn^ IgA (Jill (_£dSI JjSlLuiaSI (jj 

<j V) L Sjl'j^JI (J^y 5 .^^. <ia (jifJ (~’n^>j (JjalouJI jS-id’n; ‘IgA SI (Jai 

bj^. . .n (La^Jibll ^3 J_j2._j-all (jaulj j^iall IgA Ajl ^be. LuiLujI A qj * <o jj 
J= uiU (jSLii IgG SI ijaiii ‘(jLouJI die. .(3.25 JSJ ^Jail) j^jLaSI IgA SSj 

_ja!S i-lSjl 4-lC.bas 4_lbara. j.lx'l’iS (JasJI j-a oj^'JI (J^J^JaSI Jbll “Cajllall ^ie 

^c. (_5-2SI (jx IgG SI Jiiii . blilo (_gajl_ji3lS (_5^>^l dibl (_^d Lol 

IgG SI (Jill <_SdJ! (JjilulXllI ^gi-dj •oS^ jJI QA JjVl ALilkll Clle-SjOlSI J5li. 

j ‘(neonatal Fc receptor FcRn) cf-^j S' Sj^lAall 5idbll Jyin.^; 
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l flxdVi AJUaj (jc. CjljLo <jA IgG 51 ajLa^. (jc- \ t^ijl (JjjjobQ 

IgG 55 CjI jaaII c*15j (Jjalui-all 11 a (3i^j .^jjLuj! JJ ^U <ja IaJLI! J &^>ac. 

AiAxill AllaloJ tpH ^ n^k j^JLig-ll ^aSjl (jA AjJai^la Aaj3 Ale. cA_laJ^) (Jjl^. j)A 

AjJ^. (J^l J Aja Cll!yLx-aJ^^ (J^.!^ IgG (jA SjjI/uH 

(jj] jjjJj Aj\aC. C’n^ i^iLa^all Ax*ox.^i^a51 CjIjjjj^)J! 

C-LaC- JJ Agj> Jj ^aJJ AijjLlaJ XlC* ^aJ tA-Ja^J Ja Ia JJ! JJ ^LJ -L^jaH 

Lua jLiic.VLj Sjj.1^. CjIxjj j A_iaAI c*11aJ fi^A (jj cAijiaJ! J .IaJJ! 

(JjJa5! ^)a*JI l ^ \x) 3J .^joi^JI IgG 51 Ajl J^ll Clla„ula.l!lj Jx‘n 

^1 ^jaJ! I ^a <jA <Jal a_ia£] <JU. tiJljA (j! La J)J! ^a jl ^-ua J5 
L Qx^a.'l Sjjia .IaJJ! J Ala L_J jlla-all ^i£j5! $.UL] (JJ (J-° *- S jJJjJj 

Pc S^jj)5/ia 5I AaAjaJI AaJalaJ FcRll (JJLoiaII JajJl ( Jc- ^)-g*-5! 

.^)axJI l ^ (Fab) ^jirajAiiA-llj JajJI Aa,i*i d^jLai^J ^iAj V tdlijj clgG 55 

(j- iOjL^a^. (j! ; IgG 55 ^C- ^A FcRn (JJIjiaI! (j_j£ i ^Jal J j)A 

(jA I J 6^jja ^a ^)ajc!I l VwVi s Ja ^l-ilalj ^.a.uaa 51 JlaHVI 

^jla ^ ^a5I (JSLaH LaiLuil AjuJaj J FcRll ^xaV! (jj .AjC«L1a1 I dllil ^jji]! 
U j.^^al U^a J£! diVLiLa aIxJjoi (j£l j tJoia IgG 51 (J^iLaa (jA (jli^^JI 

4^-x-fialAll (j^5l (j-^ c**iljn**nti\l Jajoal jl BraUlbcll (_}iaI^)J ^^je-aLaJI itlajVI 

(jVl (j^ra* f51 t IgG 51 CjyL: iSIuaa (Ja (jjlSuuj j>J.V v5l ^^Jj 

J ^ J L>a J J^5' LS^' IgG — 51 Jli : J lflu ^A. 1 1 i JlkA aj jl) 

•FcRB ^ jaII ^ajaiVI c* 11 a (J^IoiaJI ^(jLauVI AajjaaJI 

* 

^A .^^Vx^a'I .^l xJ^aII ^xjj*s51 (_^.J C5 ^ AjlC-^ill (jj 5-o£j 

j)A ^ 13 ^^ C 5 ^ Aajjj ^ ajc. jjlla .^(_^^aJ! j)A Fab AaAxill A^x-al^. 
Aiiikllj a1iS*i\I aJjuAxJI j)A J£J aujaVI Ajl^ill ^-Uaa .Fab Ai^i ci^LuAujj 

Aj uaVI (jiaLA^VI (Jjoiixjjj (Jjl^j ^ajuj «ia j ‘(Vl^Vh cilc.Uaa^ a^ixlAil a*4)Via!Ij 
(^^JaLla dS^)u V^J (j-^ (J^ O^IxIaII ^jJaLlal! (jA ^1^1 ^^3 
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cFR2 tFRl) A-Iaj^.a A_iSljJaj (JfLiA £A_jl (Ja. 1*} Ja^)i-<a ^)jiu S^)J» >/i 
Cjlik jjAIII AJa^i-dl \a\\ J£joij cjIxjVI ciaLmll .(FR4 j FR3 

Jlls d.^Aj cAjjoiLujVI AjJaJjuj-allj ^axJI 1 g k'^k \ £-a ^A\y) 

Complementary determining <3*1 jjJ I ^Uaj I 1a cS%Asi <±^ 

.(4.25 j^l *CDR3 j CDR2 <CDR1) CDRs J regions 




La! ujlf'Uaii! a 1ft cj^Luiluu <."i4 u^a .d jJLLai! IgG — J! (ja jpalia :4.25 j£-uJ! 

CDR2 tCDRl) J-al£Sl! lAxi j)alla£ j! (FR3 j FR2 cFRl) Jii^JI Alkia u^luLiiS 
jLuu ^! cAjjiaaJ! P d)V ^ t-iljll L_iftlj (a5 Jt j!u$J! Allaia lj^LuiLluj (j! .(CDR3 J 

ciijj ^! S jaxlaJ! CjlilaJ! ljLL J^buii Jilalia jLuu .^Uall! Aolol ^J! jiiujV! jLual! 

ALuiIuj j£ ^j-a <$>1 L£Ljj AlJLj Aluiluj j£ ,j-a CDR CjIH^ <il£Lj Silk . .lualuiAlL Jajji! j2!j-a 

. jLuxal! ^uill ^ .lualu^L JajjJ! ji j-a JoLuuj Aa-ala-a dual! dillLx]! d 1ft ^ jSj . Aiji^. 
Clj^LuiLault 4^C«L1 a 1I ^jC- jJ-lxlll ^ l/l Jra .x*ra V Ijj 

Aj-LotaJ! LjJJJjj]! S.llc.] A_iLgC. AajII A-allk-d! S^Lja^ll ^Lai^VI (j-o (J£l 

^ .(5.25 Jx\) UjjLj J^U. a^UI UiUJ ^ a 4 \ 1^ ,,11 ^ 

ojlc.1 .Jj V (jiixJaflll l-jjjjj SjIc. 1 t a, 1)4111 aJjoiLoi!I aJL^. 

*13jj1 l^xilj ^lld! (JjSlxii-a (jc- j-iialll alA 

(jl ^j£-<ia11 (j-a . A*JaJjaLAllj (JjjLui! ^1c« <^Ulj A_ijl2l 6 Cl^Lluij 
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(JjaiLul CjljjiiiaJ ^ AjiLjal jjLii CjLiLaC. 

(JjJoliaJI £_La 1 . ''•> ija.1 (j-o A-pma. t—iiijj ojlc-l i"ll il.ac. Jl jl/j V — Aaiai-o 
(jJaJI £-la3 *■ . > <J! Alaaiil AiuiluJI tlilj i—aljj^aVl <■ ~«il"i-sal 

. ^liiLail ^ Llakll ^jLuil 

V H -S& D-4^ J-4 1 " C H 1 

-EHD --■!■■ ^ III 1111 M il 



dOLC-J 



400 Hf- 



&UJI i-ikijl wUjwj^J 



DOC 



ol**JI Vh 
J jjLJI oJAJI <fj 



J •>> 



/ 4'// / 

/ /// / 

/ // / 



AJLaLcJ d 



ajlfrl .AjjLJI AjIiJI jjLu JiLL iii » ijLaj w Lai " <_ujjj}| ajlfrl : 5-25 J^ddl 

£y» j£ /jl f UacV ^ ijjjaJ ^ a J_$^$*dl Afrlial! (jjljjjlfr AaJai d&lutluii i—ujjj 

jLud aJalj o&J (j^s Aifrli aLSj AlmluJ jLuu ei^lj wAjjIJI L£laJ! 

diUjjIWI j a ■ <3 jj ^yjjj jIxaJI dll jiaJI sift .AC-lia]! 4jj ia, Almlml 

A*iaS diLujjj ajlfrl j)<«lall RNA II Jja <Ul 4g Jilii £y» l^illjl i -iaj j^iSI (introns) 

A&LLdt jlc- JuiLui lillLu 4 lu « u& ALalll 4*LLJ| AluAm diliiaJ J— D— V 

. D- * !'■ • iiliLaj V J — ^ V — AfijA^il 



AujjjjJ) jtuxJt jxutaJ) l 1 ±£i 3.25 



Antibody protein fragments 

(JfLuU £ jLjrx<all ^aLat^VI 6 ^Ijjj 

1 jLa,c. ^jl 4 j.ijaj^]l ClAjj^xlt ^jC- (Jj^aai-Qj 

a^A .( 6.25 (JSi!!lll 

A-a jILq ^A Fab 4 qJV'l.a ^jj 6 ^alc« (J^xai,, 1 ! Jjkjll ^J^Ja ^jC« 

Jj^aa-oll <. a jj x ^ ^ tFc I^q.Iuj (J 1.2k ill 4jU« 1 ' \ u/i 
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■^IjJa^all j ^ .lkjjai3l ^Lij ^J^l LS^ 0 ^ •■^LaJC' I j . 3^31 4 j*J^)juj l-&3i 

^joi^JI 4_La ^^klLoi-al! ( ^jl ^Ja31 ^-^ll! j) 6^)Luakl (_£.il! -1*^ a\\ JLaU 

. (Jj-^aII 4jilal3 ^g-lil j^)JI JkJI 4 Jajuil ^ 3Li& (j» 3^^ 6 ( 3 >.^ia\\ 

AjjIjj 4_ij^j^)£JI Ajl^-i3l 4_g_^. ^j-c ^JajaMI £3 ^a (j^j 4 13b J 13 31.3 j 

^)Jajo3l 13 Lai $F(ctt) , )2 < -3«3o 3j3 3«llx3 4jt3jll dia^)3]l 

3l31kl Ja jjjo 1 ^al»lkj-ai! 3^-^ J ‘Fab <— Q^juj 3 jjoS tAjn^Vl 4jlg3l 4_g_^. (J-® 

.F(ab’) c> c^i F( a b’)2 3^3 <l3*-a 

DNA II C**l\jVq*l al^kjjojlj ^jJJj^II q c. jjjyMl 1 X >3 (jlk-aVl-J 

tV~^.^'^ Clll^lka ^3 J a3 iFv *» V3^ 4<_£^)kl Aj^uiLa CllLkixa • G_l ^^joLall 

c_L^J (_^3I 3jJa3l ^xuawll 6*1^. j Ia jLoc.1 3^J <3^1 J ^L^jLjuJ o.W*u\l ^)JC- 

£3 j-a .^jar ^Ac- JaJ^}U 4_3-aV! 4ilVL 311 j 4 JjJakuj-allj _laJ ^Jc. 1^3^ C5^ 3 

4<3jj33I 4.9J.4.31 j aI^IiII 3 JUJ ^L3I (j -0 V — 3^33 3ajVI 13b 3 3 *Jjuj1 lM (j- 44 .-^3 
«1^.V 4_ij^j^) 3I 4jlg3l 3^ ^C-Lllaj-al 3 J - a j3 Aji1zx?i 31^3 l3c.l Li'nulj 

^jjj j^)JI 1 3b 3 C- ^natlill 4_i3_La 43k ^lj ^>kVI ^ 1 Li‘q'1 4 J \) <aV 1 4 j1^3I j dllc-Ualll 

• Single-chain Fv (ScFv) Fv ^3-i3 3* s^lj 3 j_oLu 3 ^c-a-Hall 

^1^31 (j- 0 a^) jar ksiW fi3_jJa3l ^\ m'sVI *■ V3i ^. ; La^ ^l.W’unl 

4_i^.lj 3^ ^.iSl 4 JjJa!Lai33 Jaj^l i^ c ' ^$^3)3 3 <311 j 4 ^_3I ^jaiaJl 33 J 

3j • ClsLa-ailall 33 j-uJ 3j* ^ J FC Cli^l i? imoj JaJ^I 6^)3 Ij3i 3^ C5^)^l 

Ujl3ajl ^)-ajLk-a^. 3 > *'^ h J 3 I CliVl-3! (j^nar j Allc-l Wntilj ^jar x^Vl c. V^3ll b 3b 

jl 4^1^31 A^kti))! 1 ^jljjuj ^ iq nl ^-al^kjjujl La^jc. 44_*-aLk 

AC.IAa 1I j.Ic. Ajjalillj 4jl V] . ^ ^ ^ ‘ ]' J: Cjl AjJalwwa C-fl' .^.'~U^V 

t ^ Xl'i\l ^ ;La^_s>. ^)j.^Vl L_3Ajiill LaS Aj-a ojjliLoll AiAaill Aa3 ‘(I§G) G 

3jxa jA La£ 4La3-^3l C5^ ^>^31 G *Q-waj *^3^ LJ^l-^kj! 



^Ic. l^laJ 3 ^! "3a^3^l La 3 ! J] Ljajl 4 j nMl G_laJ 

G_flLl>-aV I ^)^_laJ . jLja-all ^jji^II A k j L j ^Jj 4_iuu]3 4-^,^)^. 3_9^ ^Lja3! 

C 1 jIjj£-uJI 3 -a 33 ^4jl ks-taj 4Ja ji-^^a 3 ^Lal e^Lja-all ^ \ t.n^Vl 3 -0 < ^ c ’^)^l J 4 j *. uj^^ll 
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4.flla,ba clgG II Jojljjj ^gjll Cjlj^)£jai]l J CljjjVLj JaJJjj 

-la-lxll Aj^)j^)jJa dj JjjjfLiUil ^gjll ^Ja Cj|2 

Ljajlj n^ll Ai-Loil! ^ ^ ) " ■ ' . ' 1 ^ v — £jOa j dlLlJ^a. 

^jic.j . | 4 . i-^g.'ill (Jj JaljJjV^ CllLiLaC. ^lc- -IaIxa ^LIl CjLaAlall (JjxSJ 

t ' ,* \\\ L<u3j JjjiLuJI (Jilj Laili <_ij\-jij jj..i-N.'l jli j^j 

I ^Lij] *L$3 j»JJ (jl ij S'LaLtll '■ ■ ^ . .i-v \l A.k ;J^ Jj <jJlij 



^1*3 . jliic-VI (jJ*J A^.jJ -LoIa uL-al j.a ^A ' g SjUjaAll 

AiLjal CjULutJ ^Lill lS^ ' .J..'" 1 ^.^ ° j.vLtt a-lc. (jl n,'-^" _i \ '> ; tjliall 

^lljj (J^li. 4_iiljj jjxua. «.Lujjl j c,jjj jjjII ClilAi.j £1 a^j jl Jjjj£j^UJI 

. l-LiLuUII Jjjjia (j c- 4x-llall Cjlill jjjlc- 




F(ab’) 2 «Ja3 




Fab <jda3 

« 

F v iUla3 



4 jC. jill i_iAuil :6.25 JlLJI 
££*j .IgG p(jj* iy> 'Ufrlill 
Jjlijil JiLii (j^i Lai lA -iL jj 
J iU (ja J jjAa^Ll i j^ijjjl\ 
.Ajj*iLa LiLi Afi- jjjjuII 




Fc <L*isi 
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Antibody affinity 



jUiaJI (***1 1 aM 4.25 



^9 . jAl -2 i J-l-nll tOJjii ^j^al \* g]j 4 -Jill j] 

* # * f 

LoIa 2Lalc- iiJYI jm'i ; -.>n-s\l (Jklj jl ^l^.j]l ^9 tCjLaFVniiVI jps Jj.1*JI 

AilVI (jj d-ll-laj .Lijl^J ^r'il-oll ^Laili Llajl (jiij t^Wu JjAsj (J^l (jA 1x33 (jAiJ 

^nu-sll jjijj (_J-i3 (m ^ (j^Lill Sa^ji 4ic. ^>j3<j Kg jl jIajVI ciuUi) 

^taUaJl ~U^V‘n»i.all j jLja-aJI jjil jj ^Jl A i . n'lld 

.^^■Tuii-all £a (JjLiLall (Jc-liill (jl (jJa^jlia j ^Aj .Ajjl^aJ! 4 I^J-aLllJi]' jjljj -lie- 
4 )-»;»> 1 1 Cjljuialuwi .lie. Jaia I -nj-s Jj jjiVI kllaJI jA (_ji]l t jalSaJI -lia.j jA 

^.. 1 -slt 5ill llaj tllil£ ^ ■ jU^aJI ^.rsll jpi Fv jl Fab < alui jl 1 . 1 a. 

£.>mxu y jaJI ll . i-n-all ^>h-n\I (_jjL) 3 (Jjla. j)A _jl j jLall lilliaiVI 4 )->ml^j jUlIoaII 

£jLoi]I (jAS i j»_jj]l IaI . (j jl jill j)A i_U j/3 i ijjJa <_g9 Cjl J-Tuii-n JL Ja ^J^-Q (_£.ill 

CjLuSj ^Ij^JjoiIj jUja-all ^joi^JI JL^aAjlj b^ylLiA AjjIa!! AjjouII 1.1a. 

AiW .IiaJl c_jjjSj]I (jl L$J^ ‘C^ J • L&-* 

AJJ jrLia^ll J)l A^-a^ll ^juiaJI (jjjLiS j)C- AjJVuALft.ll aLaJ ^Lja-all ^x*jdaJI 

tj fCd c (Jl I dijlj I ^ ^ a^i^V I Jaj^)ll -la. L Qa^Vi s-liaC-V 

(_^l) Kei .lLajVI CijIj c4qjq^.\l ^A ^^Illl tin (JjjL^I j} ■ £ ^c- j^*-a]l 

•(Kd=\/Ka 

^Sl ^-Q (j-0 Jj£l jl (jUSI cojlc. 6^1 a> 1^II ^Lal^VI (jl Ua ^)£jj]| L_laj 

Jl\M jjjja-all (JaI y*\\ Jc-liill jj^J La LJlc. . 4 q 4 W^\l A t >i*un^\l \ _SoJ^)]l 

IgM jslil!l jl ^Fcib (J-ol^ll IgG jsl£iiil 

j\ Ajl^ll ^Jajuj ^-Ic- Aa^iL^ £a ^F3.b (^iaLi-o 

(Jc,lij]| ^uujL^. jljjoa j^A ^L_i1a^ ^ Lim ^ic. A^^pJI JIiL<a Aa^Uh.^ 

(Ab) i ahA \\ o^ySi _jl <all (jj . VXn.u'll J ll >^^11 p in's II jjjj (JjliLaJI 

(j?-l t> (forward) J&liiJI J^ jjj <^11 Jl jjju (Ag).^n«.dl 

:t_j£^aJI iil£ail (backward) ^.u^dl (Jc-liill i_ii^>JI JAiL 
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[Ab] + [Ag] [AbAg] 



^backward 



1 



k 3 = — = 



[AbAg] 



( 1 . 25 ) 



K d [Ab] • [Ag] 

dil^LjaA]! jA jdV Aa.XiaaiaII &Ld AilVI j^£j jl j^-oJ 

CjjIj^ on-rate (JjixCijj aj.i 1 j_$fLj u j^-aj ia Ic^l j jl VJ ^ jjl jjII 3 ^ 
JL^aajl dJj) off-rate Jax-q 4£fLlljj 4 jjj£j l^l (Kf orwarc [ 

fl> V iJlj^.Vl jJiaua ^2 . J. )».ui2 1 J-l*-a L - bjUla Uajl (K^ackward 

iJULall (Jjfu 4 l5l.nlij.2l (j jl jj iajjjoi Cll=»J jLjaJl al. Wn J 

dALkJn^ll 4 wi-vV I vK) , ,A La.Cc. jl 4 AjJaJjabo A Ji nl ^-ua^Jl Aill 2 uc- 

^Ia^aII aja£ SjLc. jj£j 4 CjVL^JI cltj ^ .ajc.Lia (JaLj3 CjI^jjLxa ^ 

I jj ^ J^VI (Kf orwar d) J-^ u u' cl£-*J tins. S2I j 

^CaaJ <La a jl a^aII ^1 wi^VI ^Ia^IujIS 4 4- fl\‘*i3kA (JIja ^^3 j . Lj^C«^)a 
^jui^-ll (_jU. jl ^Jj A-^.L^J ^IjJ^aII ^AAi^kll jl3 4^jaLaJl (J^lj L^LxCij ^a^)^]l 

JalSjlVI A_A-a^)3 Aj.il j^fLj (jl (Jj3 A^aCiVI ^^3 (Jilijjj ^jCudJ IaAxjj 

(JAx-cj Aj&IVI) A_laJ^) (_£»il ^»^)^ll Al a^ti a,1I ^jmaJI j)\ ^)ViaajI (jj . AjJalui^lj 

3L>xa1I ^jol^JI ^tua^ A ^kAAnVl ^3 2 I ^jaoJI j)\ nl CjV3*_a LCojI j 4 ^ (Jl a^.CV I 

.Aas-^La ^jj£I aI aJtiaII ^aLai^VI (_^l 33^j <JaI j£> ^A3«LaJI jl 

Antibody specificity jLa^I ^u*A\ 5.25 

j_^j Ia Lille. 4^}^.! ^Ia ^^Ca jl i<^a1I ^jol^II (_j^A^a.Vi jl Ajc.^j jj 

jl x^aII ^joi^JI 4_iO 4 LlLaC. x> jA Lo C.*’ j-Q . AjllVl ^ ^ 1 

AJUA^II jj^J jl 1-^. (JaI^JI j^3 .-la^3 (J^JaU 6^)jaJl jl A^!^[j ftAjJaJ JOIXI 

o| 

jl_i^,VI (j^n* ) ^3 . AqV^^II Cljl AjJailAJiAiSI j-o jl-laj dL^j ClllilVI j>» L ViJra AljJaA]! 

L-ilc-VI (^ I a nj 4 IaLaj (j>n* Jl n A^LcIa ^C* dll AvXuhaII jj^ jl j^-^ 

C’\\ ;^ja did j-o 3 j3*JI l&-°) A3^-c- dli CjLa.au ^ djlCj l^_jji 

* 

c. < a\'’i j s a h*i jl j^J il .^d3c. CjIajoi ^3 CJjlCj ^lill A qLi-s a\I Cjl^)3 ; iA^j^)^]l 
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Cjl JbJali-a-Q ftl N 1 ' 4 qV<< ^ J 4 » Ul Q ‘i ^ 4 jqjhj LJ^Lc-laj t^jdX^ ■'itXluU'l ajLja-aJl ^\ 

l^j±l ^iLalii] ^A jl_»Ja-a]l Jl ^a.^all ^»l.ladjjVI (jl£ I A] 6 ^dal Jl (j-a .(_£^}a.l 

Yda-all ^ujj <xiali.LQ.li d^Lc-lilll (jjj ij.Vl*^ t^ix-o jjjja iS^ <fll*l:d dll .Iddu-a 
lg_i3 (jjLi dVl^. <-al A^JjojI -lie. Lai .^j^k K<n\\ Jdad-xAl aid a^)jaJl£ <Ax*jl_a. 

Jc. .ladj ^jll 4_iiH]l Y \\ \\aC~ La£ tjxn^xi jjc. "<Jj^B" dll -Idluballj ^IfljlVI 
aiA (^a ^Ij Yum V <jli i<x3-l]l 4x.^)Ja ^3 ^d-a .lua'i^ Jj-a3 JJ (j-a <ifjl 

jl ^!)txll ^3 ajLduJI Jjui^VI J Wnul (J!}ld <g_a. (j-a .<aJal YYl dj^lc-lij]! 

A y dVl 4ql*i<<all dll. Ik Yn >wa 11 <j-a -li-lxll lJLaA (jli c^_aJI ^a-uijl (Ja,lj (j.oj< dll 

Yda-all ^jol^JI (Jj 3 (j-a <x3j-a _)4C- <xJaliLc d^lx-lAj a- ^jd Jll (_£jjJ (jl (jdaJ Jill 

^JjWil l.yj* ^ !!/Lalc. ajlc- (jjL La-a 6 1^3 1 Jl^luji J jj-aLall tilli ^JC. <a»dl Jc. 

Jl JaliixAl Jc-lilll a-lAlda ( xjallj Jjxj . Yda-all ^jolJI (JjjLujI ^ 1<~_ Jlill ^d-all 
Jl <3 LdVL 4 JjJaJjoL^]! jlda-al! ^joiJI a^)jai ( JI ^jliill ."uXnn^ll £-a Yda-all 

(Jc-Liill IAa J 1 4.a.)a^-ll ^3 .(JjLiLqII (Jc-liall <jaU! 4 aK'i i ^ ^ II a^)jl_x-a]l 4_LujL_aa. 
(j-a (jad La (. t iu>i j cJlij a^ji-x-oll ((_uaj-aaJ 4_ic.^j ^Jj (_£.3jjj J <jldaL 

. LglduLaia. ^3 (_£^)AlJa (J^iVi 

Al^u^lll Sj^xIa SjLuxa JL^aI ^llSI j ^jUAill 6.25 

Immunisation and production of plyclonal antisera 

Jjflll <C-l_La]l _jl^A ^LoillujV Jl J V 4 _Jlj t^a^SVI AijJall J 

I J^q dli CllLja^AAll j\ jl ^9-al! (j-Q ^IaIulq J£joiJ J jij'vll ^ju'ii 

^Jl (Jj-sa-a jl LqJ^Ij Jj ^ju'i _^>^l (3^ J 

4_iC-LiAll 4-jl > >iV 1 dl^iisu ^-^11 (j-o .^Ljj 3I Jc- jl 1 ^q1,W‘u»V 

Jl (j-a dl JjJaJjjj-a]l ^l^jl 1 — flip's «a J i'l *‘>)V Aisl^JI (J^LouAI ^_y axJ (JJ 

(jj^l’K x> ^jac- 1^^, <Ja.uA..LQ j A >^i j-a ^a^jjj^) 8.25 J 7. 25 (j^l^xall .6 ^Ida-all 



JjliJI 4_ilakJI ^jc. 4JiLawJI dlaLadoiV I tLaAj .^^n'uti^ll 4jl_JI <ilaJl <jl V'i x til ^j-a 

(Jld .(8.25 JS^B) ^tsll <A^I SdixJI dLUd.Vlj (7.25 (PI) 

<C.l_La]l (jJ _^Jc. ajljj Jl cA-ijllill 4 jj-sll q c. 4 Wu^ll cAjjLJI 4j 1<11 Jl VuJ 

.l^a. a jj^l^ll <mll (_^i ."u^Vuh^qII ^x^a tiLLAaH J^La. AjJI Li^-^JI Jc> 

jljjj ,4_ij^J| ^lal .a^yi J Jj£jJI dl JjJaJjai-a]l a^A (JlLa ^ 
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jx * Clllxa£ lAlik Jl jjLajlil jjlSlill AjjUI lAlill 

dll A 1 ' ( J. A I5a ^jJaj Jid IgM <- Vu^a) 4^-LLall dllil jJjlc. 

(jjill 4(jLdVI I_S^ J3 <J3 dljld-aj A Aj 3 dljLd-o dULdxal <C-liall 

£A LutJalij ^.u (_)£ Jc-liij dljiiAjj^)S J) c-I^Si I jUij 

i* __ # 

Ajtialflla]! CAle-lijll ^glc. ^11a-o JUia liAj d -k AW ^ Jill 4_i3 dll Addo 

^ \ oti^VI O.AA (jjill ^aLdoiVI (j-o (jV 'dUduxll ^1 m^Vl dc. Ajjculall 

fil n’uAj 6(_£^kl Ad (j-a Llild I_^-^Ij d l^jjfL <jl (Ja*W a II ^c. (JA oJiU>>aH 

^\ I dl jLdaA ^jl . (Ja^II l ' 'Of- *LAI jl ^jI^-g ^ cJ^ l^^sL ^ 1 

^j-ll tIg]VI *■ d-all ^j-o cJ^ (-1^ ^A (jj^ll cB j A die. dljLd-o 

(j-o ^.^^^11 (jl ^ l* J La j^l^ill a*s^ ^3l^!ill jJjJc. U^J AdddA A_all 

^ Sj^iiA (Jl£dl) d )\f\) (-^j (jSLol Sjjoic. c^W-iaj 11a <c.I_1a1I qA ^ j 1c. 

• ^)Jj£ di ^-11 &^>d ddluiAlLl Ja_U^)J J ^_j£-aa1I ij* ‘-daluLall 




IgM ^Id? A-luiLuiVI d jidil (jdu dloll AdJI ^jc- ddl AojUII AdLlI AjI Vu*iI :7.25 Jidl 
^ a] ^jaII AJjAdl 4_adl <jl dull AdJi <je Allludl AdLlI A-dJ! AjI Vu«iI ( _^u4J La Jj 2 (jA JjIaII 
jA j (Ajjdall CjljAiAjJjill Jla) 0 Jiaudl (j-« S jjda Ad I j ^ die- Ajj ^A .^1**1 4 II 

did AjC> jJ did ^aII AojUII U^JLaJI ^Jouj LJ ic. ,ja!I jLuxaII ^udl djUan d J* j j15 
IgM Jl jjij Lj'^Li. ul\ tdjj Jiu jjLiili AjJUJI b^LkJt si* Jiijj dij&JI Ij^j < . Vi . .. h b 
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^Jc. -1 <u*j Cjl.'UX'nii.oll AeIIsJI Clljl aa > >il (jl jJUj t(jA».ll LS ic. j 

A ql'V a A. ^-I_jjl 4 _LujI_jJ jSjj jilt S^E. ^ajJajj l.'nga'l jii£l (_^A Cutill lALkJI 
(JSLuill ^>Aj|) i—A^^aSI ^jlVn CVjIj e AW a 4AJjAj A»X‘n»t<aiSj AliiSVI (_JaJ L^° 

,’UX"u>i,oll 4_Abjlc. A i.unVu lALi. 4_3 sujI_jJ Aljljjjjjjll Ai.1 ^aJJ iV_jl -(5.25 
IjjlS CjIajj±i 2I oAA (jjfLi iLiilj . CAVn^ ^1 1 g ,oj}-> V Jj (APCs) 
l(MHC II) ^-s n . ill l (jSljjSI L>° II *■ 'infil l AjjSI LS lc- 

a*j .MHC II S' £-a cjlA \ g -> I-» > n LS lc- CjIaiLluSI (j^ajju Lu/AJI oaa ^jila 

Cluster £**211 i_*T -1 ^>*11 l^UJI) CD4 + 1AU. Jj 4 Alj 
ujAall ^>41 j Jajjll II i VnAI J&. a . jjljll ("designation 

. ~uX'n>i.nll AjAajlxll lAliJI A ml J« qTi IgjSi t.j'lnill j MHC SI 

,1. Xu >1,0 SI AsJ ^^ic. ojjla I »Xj*l A_ij\_iSI lALiJI (jl liA SjLiyi jAVj 

A_jJ ^ya , n (jj]_jJ_jSc. _jAj ilgjAl (_)AV. (JiVub. 0 (Jjj^)A jjE. lillij 

IjJj .MHC II SI ^k CjI A ilinll I >xil a ■njViSLjj t^LiiSb 

(jl IgjlAslj 4jli i .'uX'uu.oll 4_Aajlc. AjjIj 4jS~s 1 Ajjlj <£iLa CD4 4_i li. l~~ iSAill 
jjLojjj t^miVn i _ £ S CjjLJI A jS-sSI Jxaj SjLjj) jpUal ^j-a CjjIjII A iS-sSI Ac-Lou 

A ;1VI (jjj (_^aUkJI jjjljtjll (j-a Ajl jjA oAc. (JliAj .lgj.ll jl . X 21 ^ajotaJI 
SaI >X« LaLatV gjlil (J jVij (jl AjjIjSI AjIVI Ac - I S-ThuSj 4jli tCutiSI AjlVI j AjjIjSI 

ijj^jj jaAj t^S] £ > xv (jl (jSAi tlgEj IgAj JgG — £ t_s j^-l 

eiili.x'una jjj£j (jl ,^1 (Cole- ojj>^i,ij 'H~ v l .Jk\ 4_all_j ,*i>x'u>iaSLj Aj AS iLilia 
.(jjjj^jjj oA^ILa jl C il nt JJJ CutiSI A iS-\SI ^^ic. oiajjtASI 4 jjLJI 4jS-sSI 

4jjIj]I A jS~sSI (jc. <iaiiuja3l AjjIjSI Ij^LAI (jjj aS. J1-'.1-a ^ CoIa 4. a.,,; AljA 

AeIiaSI jlg^. ^gk ^.Jj (JAoJ .^gjlill (Jo Vi II ( 0 _JgA tlgjl& oJUJ*-allj 

,'I>X"uhaSI ^1e ^liall (jj]_jj^l*ll 1 A>*j ^uaj3 (JjSsjj .’n 1 • X c i LlB jj j£l j^c, 

(j^iS-s'lSI ^ajj vli liilj dc-liiLaSI ajjLiSI LlAjsJI iJAj .CjCaA £~h^>aSI ^l-^l 
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^g'ni La-o (J. 0 Vll\ (jjl j!ial all jla. (j^-aJ 4i_i^)Ja!lSt aJalijill CllVlaJI ^ 

.•Llllill <C.liall Aj\ -\\ t »il (j-o A 1 > -~>^a 4_ila 




jLuaoll | a-mall ^llil Q a t < 3 jj .LullSI A-lall ^Sfr a lauaLall LulaJI 4_ilaJI Ljlalujl :8-25 J144I 
ij^Uallj luali a-all aLulaSI 4jlaJI ^ic- jLufrVL “LuLSI <UlaJI Ljlalujl 0 - 4 0 jUSI 

(jfr jjxj ,^1SI) aJfrtuLftil “LullSI 4_4a-S| a-Jaj ^1S| ^ ilia ail LilaSI £■! jii O'* J JC- £jjj Laji 

ji <Udjbdl LlliJL ^auu Laj (MHC II 11 JfrLuaa JjSj ■ ■■ « j .CD4 11 f^ja 

li^J lualt 4-lajLJI L£laJI a . (a jaLu.Lt LilaJI j ajjalSI LaatLSI L£4a) APCs 

_Lc- tlajjSI Jjiai Jab ^ t<_sjjaj MHC II SI f^ja IfraJam _Lc- (jia j*j LgJV 

iualuiaSI aliLujaJ ^aujjaSI JjialSI J!4a 0 - 9 AjIlLa j _ y A lilt ju±ul| aiA .AJaluuLI (j-a dilluau 
Lila ^Jl JjLuj O' lual* aaSL ‘Ltf'jlil AjjLS) Lilall jlLaL j^La O' .L^cOLjI L i Jjl\ 
aJ&luLoll CD4 + “LullSI LjilaJI JjS 0 - 4 JfrLaaj O' i -iaj l^lli cjllaail a > ua SI jjij Aaaj^L 
ibalmaSI jjj O' aJfrLuaaJI C D4 LuUJI LilaiS Vji taaj i &1SI lia> Jai O^J .AJxLLI 
. (APC) aja-ulaaSI Lilail j\ a jjj&SI LojlLSI Lila 4jauuljj luajjJLa "j’dlaaSI" 
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i‘* (. ^ n Vi k mj -lJ jj 3^ AjI (J^Vill ^ uj 

3* tJULall (Jj.1xa) ^\»3 ^9 Ajjlil! CjI >liJaLluLftjU Ai£)Lc« 3 1 (JjjJ 

^jLuijVI 3^ AijjouJI djljjj 3^ djl 5 j ^)3 cdl-iA 3.3^ (jl l-i^. 

A-a^kjjowij jli 3 -0 AlLaudl <illj 3° V>fr* jli ^ jlA.il A^Vua* j 

^aJ ."uJAua^ll (j-o Aail^-all (J^laLLall 3 ] .^^jjLiLo ^ jlAl^ ^}^.l £*3 3° 



(jAW^all 3° ^-ll-i^-Jj ^ Ax-LqJj>*i^ ^ajl ^ jol^JI (Jj 3 3-° 1 $ jlc- L-il^xlill 
jj^I djLja^xll ^Lai^.VI S^Uj (J^l 3 -0 ^ n^^Ml ^nAill 3 j^ 3^ 

^!i1uj j t LcU I iA 3 3' 3^-^' 3 -0 • 3^-A^' j Will 3^ 3^ L<*-a .ix-^ru^Il 

<3 Aailk-c ^j! Jc. diS jit o^Lja-o ^Lai^.! oJic. L-fl^yu 3V ilS^V Ali 3 alW 

. (Jc-LliSI Ajc-^jj ^d^juaII^ AilVl 3^ 3^^* 3^J Vij 3I 3^ .1^.1 j 




3 d c JL^JoIl L£Ia, ^Lajjj |1 a uJlfljj .AL^ul! S-^j SjLux^I ^LuaSM ^1121 : 9 - 2 5 JiAoll 

- > 

Lit* .Aj^iaJI 'Ic. jJaSI ^ j«*ti 4 jj£a 4 jC.l*j <ti 4 jj Lili ; 4 jlLu (jijl _j2 

AjfrLajJI 4 _mjj 1I Lil*i! 4-atui LtuijS j^aJJI ^le L^jjJi Jit* (j^j 4 ajU 1I 4jj*^JI 



. 4*1 j 4\jpiiti 4a* , j jtu*a f -». n-\ ^liiL ^ j&i 4 LaL j£ £j\ luu Lj-li~i jj ^jj Lib Jxjj 



1048 



j-o ^jj£I Ajdduj-a dl AjJa!Laba]! ) jl £jjd]l I ^»Ia J-alC' 

jV I A9 j*-a 5I j-a j£J j t ^jl ill (J^Vill Lij j^. I ^A J jxj jl j^-aJ • I \ g x^aa ) 
.fijjixk dl jLoiL A^IiaII jlg_^. jA AjC-LIaJ! ^Ljdai^U ^algJI jj£-<JI jl Ldjl 

j-o AjlLoaa dU A^Jd-Ait d jll£ (_£^}^,l j j-oj .^jJVujjaII 0-oJ j^-a-all j-a t £ 11 jJ 
^llftll jig. >,11 jjJtiHl dl^C-LouaS (JaxJ jl IgJC-UaluAj ^^Ull A-jjg ^a dlijl£ 

.APCs aJ A_d^)lx_ll Li^ldll AJajail jj A»d^}C.j ."IjJVuaaII A_^JIx_a A_i1aC. jjjuxdj 



A a)ViV I jA -li-lxJI ^^3 ^Vu^n jl S^Ld-oll (JIa^aVI jlS-cj-J tlg-^ljj] c > Ac- 
jA A-lC. IIaII dlid^J^liJI ajoi 3 AjVn jfLcU . VX'n^ll jC- L dlj^lS 



^jc- .oJlC. dl jjL*_a j C. .Aja^ A_aU ^3 Igd ddjjj ^aLlill ia^Ld-jl jl a-^iaV I 

^jj dj*s ^'li*-alj l£jld IgJji Cy* l^-^jjj j^Aj iJliLall jj un 

j\ Ja^J^All ^jJVujjaII (- Aja^I j l L-jLldV I ^jjjI_i 3 A jVi jl ^jg aII ^llVunl IaJIxj 



AaI.^-vLJ j ^ajjilj jLdAll ^jol^JI ^jaj j^AJ t^l^joi J «l2^j! ^ ^ j-jl 

^lajl sELISA) ^jjjVI-j A-LdiASI SjdAAl! a^IIaII s^jIxa jl a dV I ^lc« 

. AW a\\ ,1xAi*ujja. 1I jc- l qxai^II £_£^^l by* (2.10.25 S^)iaa]l 



Monoclonal antibodies Alu^Il l Sd^j SjLaaII ^tu^VI 7.25 

AUll a.lp.j o^L-i=uJt ^\ >>i-sVI j^)ij ^^ill 4_i_jldll Ja j Its II (jjuij tLj.\il? 1 

^Ljallj ^3 aJj^a-a jjI£j oj^La ^Il'i^'i ^gjll tAjjlJI U!)LiJI ii.1 (JJjIa (jc- 

^yn j^i,La (_^ (_5^boiaJI ^c-a^ll (JvLa. (j-a lAJuLkjj 

<ljLil-all cj!ilc.lid]lj IJlc. ( 3 L 1 JJ i_jLjjaiVj .(9.25 JSjuill 4 ■% >>i‘iSf I 

^-i A ql'W ii CjLut_U<a ^_k- a (tt.. .-'ll' J-alc. jlLa | 4 ]<i il-i'nll dll ']J~\ L ^j±i "oM* a\\ 

(j-a Jjda Jla-a l^jl AjVq'lll aiA Clilijt d2 tA^lldall dUjLSill 

i_all^al ^ya ^lj m'lt ada^j ajUdall ^Lui^VI ^Lllil (_>aL^- 12^*^ tdljjl^ll ^-Ijjl 

dljjl£ ^Ijjl ^L'i , s"n»il (jis ^C.jIIj 4(jljjall j (jlj^aJI (j-a IgG II j IgM II 

.(jldVI J jdiXll^Jlj jalic.'^l^ (_^ja.l 
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Cjl jjillll JJ 

^La-liVI (Ja.1 (j-0 ‘La.'l Vn 11^11 (jj^Iall 
.^Lajjl! U^UJl tj^UUUijVlj 
Aj^iill tllVliaJlj <_gi <£j-a 

(jl (j-o .A ;-^g ''.all ^Sc. ^glc 4i£l*JI 

(Milsten) (Kohler) jIa j£ 

Sandia ^ 

V] t *j^y <ofl ^ ^Lo»ijVI 

Ijj^sj LiaSIc. 11a JIaiIujI Ail 

J\ (PEG) u^V 1 

AJljtia .AjjL^£J! ^Lo^jVI i*i\jVqn 
a_ia^)j L£>1^. ^lljV dilc-I^^VI 

AjJIc. ^A (jll^aJI A \)>A 

^lc« Li^I^aj ^jI^aVI-jj A-JUtill 

L£>LaJI Cj^Llou ^ c-flVVI CjUa Sic. 
(JL^Ja ^ja cilllj S^jViaII A n> g 11 Aja^^II 

. i^lj 

SjjjiS Ajj» j.s? i ^ i§ j 

S«li^j Aj^jolj SiuJaA ^La^. 1 ^ujj 

^■La^VI ^Ia^IujI ^ja aIijou]! 

jl II . (_£^i^JI (Jjjr\ ill ^1 
Cy* ^j£I (Jj.\ia\I ig-all j 

^1 ^ja LgJiljtJ La ^IjjV t_J j>\laA,'l cilE 

6 jLiJoa]! tM^VI ^Ijjj Aj^xa^j! gIa . 4-Llu> ill Sid^j AjI^}^. jl Aj^jIs SiLjaA 

^Lai^kiU lUlLajI lIiLi^Jj! jlxJ iL^j] J] CjilS ^lll ^^A AijjauJI Sid^, J Ajjjaoll 




SjUpaU ftu^VI : 10.25 J1A1I 

_JI Aoj&j JvIa <ja .AjjjajvN 

«Ly*i A^aiJiA DNA 

fiiA L-iJUj .S^Jla. Lj|j S^luSA 

£aJ jjxj aJouaj SjJa^ <ja 4j iVil 
J^kLa jIusa <ja $ jJuaJI J^aLLai 

JjIsUaJI Ja <j^a jis U-® 

; ^ J^ujI ^ JLu3a]| Aojloij 

(Jj-uLaj ^laJ ^Jali AadLua) 6 j^Jaaj 

Ja1£o]| a^oIaI jIuiaII DNA —1\ 
QA jluxai! ^utaJI (CDR) 

jAaaaII DNA SI JaaIuu ^a 

jUxoil ^utaJl ^ji (FR) Jfufrlf A.ftJajA.l 

(Jauj ja jLusa f UaP V t ^ j*ua]| 

. i ]aIS l IS^aU 
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jl "A-L^uI" J^l (j-° tjl AjjIxJIj (J^a^>*-Sl AjiVi 4-Ia-ujljJ Aj_jjou1I S^La^oaSI 

^Aj L^^aaIaII DNA SI A^lVl ^IA^JjojIj 6 jIa^IaSI ^a^jl^ill pLal^.1 " (JjSluT. 1 file- j 11 

. ^1 L ^-t ri\\ AH'-N. \1 A xiJ.ViA \ ^-.CjalJ La 



Antibody engineering 



jL^aaSI ^^yll ^Loj-ilfc 8.25 



S^j£jja 1I jjJaASI p-ui^Jl ClAjjj (jUaiS AiljjJI Aajj.V^ SI (jVI (j5aaSI j)A 
-ijjSSI Aj^j.2k.SI AjUiiSI g.1 a\c \ ^ vc. ^..ux.vSI j ajjLiIaSIj 

C^liiau L_lC.jljll (^illi .A^-LIaSI jl g. .-xS Ajx»n]aSI Li^^S ^^nll A AaJ^j AjJa j^LaSl 

A-inSI ^A (5.25 J5ulll ^Sajl^ Lj-Ujj,^ L^jJaljj I^jjoiLia L^I^jjSI A£>L1a]I diLiiS ^J^liJI 

AjjjSSI dilc-Uakll j)A A-C- J)A^AA j)A <45^^51 i jl A^IaSI pjoL^Jl djljjj^J A-l^i^AiSI 

^LlaS (j£ j)C« ^)LoiJ ^iSI j aJjIaa A_lu CjIj o^joiaSIj A Sa^ViaSI 

Ig S» Vi AjjjoiLaSI &jLiJaa]I pi . o-v^i \ 4 I >.1 J dj| jjA oJlC- lilliA . jjjuj£l_J 

. hjlV) A 3 UaiaII cilSj j)A Jjjasl 



^pSI cijlliaJI jjc. jla c^LojilASI (jj-uiliSI CjLi^jjI jIaaiI pl.^Vntil (Jjl^. <jA 

1* s # O * 

j^ilSalAS (Jjls ^A A*_1 aaSI ClAjjl^ll ^ja tj?\ (j-a ^Va^ia jljJaA pjoi^. (_^V ^AaaJ 

CiA jSaC- La (J^IaaiaSI ^ CljU-uJa-\SI jjj£j (jl A^.La. V I*}£Aj $Lij£j 

. jLaijVlj (jli^^Jlj jl^iSI j>A a j a^aSI pLai^VI u^al (jLiLil 

AjO^iSI djli AiijauJI a«li^.j D^ljJaA pLui^l (j^l fliAlol ^jI^aVS-J (j^^fLi Ia L2lc« 

I^jV AjjaLiJI c ^ nVnn<all c-JuLSa^l jLix9J (jl (J^aaSI jA lg_jl VI t j^A^aSI 
j^A JjjadAJI jail c, ^u^a.SI jl ^g-AAUJ^)ll c,. ^ u^iSI jl 4djljjl£JI j)A c**u>nS 

~ ' ^JaLiASI^ a^lxJAll ^JaLiASI <jA (_^V (j^ - ^ 6 clh^ CS - ^ •^C'SAaSI 

1 g A^a^l a^i^.S *U\\aW AlLUiSI J^LIaI! j)A (_^l ^a ^a.Vu (J.^aaj l ^ “ic. (jl (V 

d^a 6 j a^aSI pLai^Vl .l_3^joiIaSI DNA SI ajIsj ^I.^**umIj <^11 ij cAj^c«^a1I 

j^LIaSI (j^ - ^ cI^Sa .(10.25 JLslI ^>iajl^ aj^jaj.^ SI ^ jLjoaSI ^Ija^VIj 
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JjJaLLallj (_£-ll g^Lii^l ^aJ >lkAalui*al A-iC-^lII SaIa^^II ^\ m^Vl qa s^ixlLa]! 

i^jLuilVI £_£A] (^C-^Sj ^.jua.n^) 4, Q \x^i jSj Ae-LloH _jija)j ^^ill AajIjJI 

^^txl ^JOI^J! (J^lA A-o£-q dlL<a! A^JjojI AjA] ^jl^ll gULftll (jjfLj 4^11 Ajj 

J^l (j-<» F C (3^-^ ^J] A-iSljJaj dll (JldAj \ o^ijl (j-a Ajl Lo£ . (jLailV I 

(Jj Hm c A^jjLcJI ALd-oll *fcxjj^k\l dl&njfldl A_Jujjld ^c_e-d j Ig x-VA x-^A (JjAxJ 

. dLo-dall (Jjx.fl'.l jl Fc CIj^L^Iuia 3^ix \) JaJ^l! 03AS AlIJ J^l tcP-^l 

I3le Ajl VI tlinxJ ^Ull ^-^Jl ^joi^JI JaIa A-ia^lxll dl qn Will 3I 4lln^.j 

AjI Vi >, >V I lgj_jlj| 4 . \Uti\ oA j.K^i ^a^ljHI 3-° jA.La]l SALd-oll ^1 m^V 1 (jj£j La 

tlfrdl AVn*il g-Aj 3 -0 (J^-A fijlc- 4AI3 Aj cALd-<a]l Ad A_iel_L<JI 

"AAjjjII" j ^»l_iii]l (j5 «Q J t&Vlel L d*aj L<a£j . <d3^l Ia& Axj AjfiLdl A^llx-o (_£ I ^-i<a-j Laa 

aLui^l (Jjdjjj 3^ ^5^3^ (J5d 3-33! ^il -He- Ajjjjjjll oAj^S j £a\ d,ftll aLui^Vl 

AjjUiSI JjJaLlall £-a (jja^l j^ll (_£aJ S^lx-Lall J^W-Lall 0-aA ^d 4" ) Aj^jxnA gALd-a 

^j| j^JI AAe (j^ij\q*ij (jLdVI Ale n^uull dLJI (JldAl Jtilljj t^jldVI <_£a] 

a! d^ll A_1 xjjLo:I dlda SAe ^eldll ^^\_xJI 4 . AWn . <d3_^l ^9 A^Adoua]! 

(_£A AdjjauJlj Jaj^ll Ajje^all A_ie ^lll (.-^Vixn ^jl 4 _l^j .^L^-1j A^ol ■iV'uJ ^jj 

jl ^jai j^j^II ."ix^i'nti^ll jl c A-Ld^^ll A_il^JI ^Jajaj ^ Ac- A_le ^jx-aSI 4 A^Vlxil 

JlLja-all ^-joi^kJI 3- 0 4 > ilWn AjIb c ^Au^ll cilljlj aLLjjjI Ale j - 33 ^joiII L-aj^ 

^elxjaiVI ^Jjj-salJI jLja-<JI ^a-u^JI AA ^lAilLajI iAAiA^JI .L<a (J-<ae CjIa^J 

4 cil]i ijc> (JjAj£^ . ^jjj jl A-lo^^II A A_J i^Vntil jl ^Aoaj A-xuoj ^ Ale 
^.1^111 j 3 3}^) A II ^LAa^ll ^jot^JI *^31 j! (J^ J3jsll O^J ^LoIa^JjujI 

g. L s.i 1 .ujV I (jLualVI AeLLa]! (A^j) j\e 3- 0 ^^ag-^Lo ^j^VI ^e-^illj ^ > *1 n^ll 4 q u^ill 

jl x^-axtll ^ajjj^il "Ajl^e" 3 -0 cJi^ tdlfijil All La£ tAj^e^-o 4 — fllUa j AaLAaj jl ^le 

.(10.25 J^JI 3^1) c^j 

gAj^k J SaLJaaII ^aLai^VI "AjI je" jl ^llxilujl ^ja 4 Q-)1Aj].I AusLjaJ ajlvs^j 

" 4 LSLa SAlej" ji "Ij Tn J" L^l ol^VU ic >jl Jill 3 ^ Agnail aWJI 
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A AAjojLujVI dlV^A^I iS S^L^OA ^Lul^l ^llijj (J^ (JA cJ-°^ 

£a 4 AjJaLabollj Joj^JI ^ja aJjjjaaII .lie- 66^*11^11 J^LiaI! 

.(10.25 J^l ^lajl) ^jLaijVI (_£-^ s^-IxIIa]! (J^LiaII <ja (JfLi^J! (Jjlali-c 

l^jc- jjJaUlL ^Ijall (j£aa]I (j-o c (.** )\ n^k \ hu 

i^LiJaAll C'\\ n-N £JJJJ (j-a u' .AqlVuall A a)Vi1 <ja 

IjlA CIjIjj^^ ^jC. jjjarMl 4 A. 1 c.Lkj Ajajj L£)Lk (Jklj A-gj^Ia (JSI ^ aIuiIaII 

^^A Aib^IaJ 1 g Jc ACja^-a AiLk-iaJj CllAJ ^sja^JI 

(J^aaII ^j-c .AjjLJ! L£)Lk]lj Aja^^II t£UJI A J^xxil^j ^IlLoll Ac.L1a]I (jjljj^lc. CIjLaja 

(j>aj,}A LiLk£ (_£^)kl AJJ^ LSLk ^ SjUjaAil ^La^VI (jc. jAistllll Ljajl 

yjUJI j-o J^C. ^ 1 g \c. jmMl L-iajI <_£ja. -13 J .(CHO) ^Ur-ill jnn.nl g II 

iAijlii]! Lj!)LiJl Jin t4-i]jl ol jj Cjlj 4jjli. A .ah'll (_Aj sljill A ;'q;q-\ (_$ 1 

* 

(J^Wn A n* a J£Laa a^A ^n*li3l A aJVi! Aj^I jj . Lj^jjSJ! j £^)JAk]lj 

jjuLlll £Jaj Lg 4C±j^>j£]I ^jUj -LaLjj (JjSjulJ j (Jj j jfL£)liJI Ac ja>a AiLjaL Liajjj 
^'Via^ . I ..yi4x,j J-^ ^-HaJI Jil aJ^a'I ^xA^k.il A_iijj a j\ac- (J» ~nj j\ 4 a!aI£ ciAjj J>^. ^jc. 
(J£ S^AxIIa (Jja!)Laj aIaLa (J£ ^ 6J,A*I1a djlcUaS Ajxjjlal! S j\ a^ia'I 1 

Iaj 3 IjJgJ J lgjlc.LIaa (jJJ du^J^ll AjjUj Jajl jj (Jja!)La]I 6^iA (_£.ll (jl c J *n^ 

Jc* SjjUi jL>1a'I ^auai^Jl ^jC. JJJJuI.1 A^.VVuaiaII L!>Lk]l (jj^ J <» . ^>J 4^1111 . l^-jjj 

4^ uVu^aII ^ kjlla j a l\W*n 4cil]j AiLjaj . ^ J ^ >^i\l (JS-uoIIj ^_iA^j 

. j^a LS^ 0 ^ Jaljj^l 4lgG <* q'ix-o ^Ja jl, x^saSI 

O -0 S x i "^ L)^ J^a3 AjjujLia AijS^JI ^ ^A Ljj-ui-ill ^jj 4^^1 j]Ijj 

(_^j!iuia 1I .Fab j Fc s^LjaA]! 

Jiijj 4 A_i^^LxJI (.** )\ qj iliMI ^ 1 . ^ j . A 4 ^LJaa]1 ^Ja CIjUjJ^II ^ A i>>\1 

.(CHO) ^jJjoiaI^JI (j^aJlA Ij!>L^ jl A^Lj A-j jl ^ aj! Aj^I^ Jajl^aA 
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Lf l& jU^iall a ■ aa II (_ajJu ijp jjLaj .AjjUJL <jaaj*JI A jjS « : 11.25 JLuJI 

Sjaiiait jUaU.-ii' ^1 jLJLi j 111 Ajjbd) Jilj Lxail DNA II Jila. j^jUJI ^jjijjai^l ^liui 

(jA <.Vi... aA^. l^Jaljjjl qjiLuiI Lf ]& AjjUJI flajjl £y» . jl.na'I a > aa II £yt 

Jojjjj (^jil ji .nail ». aaJI qa V - (jjLLia ^1 sjjJj jijj ^ 111 DNA I' Jjfr JjSaa]! 

.Aiil lJ Jc.Lj Jajjjj ^jjJI AjjUJI fl&iilj i_jLaaiVI ;2l,“ aaj J4 ^a Sjjjll jl jSj (j£aj . AualuaalL 



4jjI*JLj 4_uSjj Au^LaljVI CjLl1£^]I 9.25 
Combinatorial and phage display libraries 

(Jjj.iUJ (jliLaVlj <il fcljaAl jaic. Ojji-Vl CllljjiaiSI -Ijai 

A aAI ^I^Vui (jjjjla (jc. tsjlc. )\\ ^gk <c.jjaJ 4_u.iill CjliiaJI (jc. jilanll j 



e^jUa-a]! dll ij'vll Jlail i^jjlaJlj (_pa^)*JI A i'iV' ^3 .( ^2)1x11 (JsU 

.(11.25 (J5joJI ^laj!^ 4_ulaJSI Jil ^11 4£.L1 a]I Cjlilljjjlc. ^ja o j.}>.'.'lxll ^laLLal] 

> 

t^aJJ i"lj% t Ijjn^ill Jjj^il ai& “UjIxaII ^Ixll (_>a jjjsII (J3I jj ^Vhin ti411l 
ojjilLall "Lc-Iaa!! C- (jlalia (jc. jm'ill ^iin 4 A^.ja J5li. 

(jA ia.lj 'Lila. J£ i"in>A IjJ t^lallij .4 jjI*JI CjlA.u.na. An ^^ic- 

^All DNA II «-ii-i?AI 4 9 djLol jjjill i .4 L Wq3 AjjLxJI 
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.AjjLxJI Fcib j Fv <*_ S-li ^jAjoU 

Fc AjjI* 1! (_JLk-tfa3 l^j A_j| ^■^■J^-1.11 ^ja i ^Ura‘i.51 I^A Jaxj 

. ^)j£l j ^)j£l t I ^jc. L—J^U^aII ."U^VumaIIj Aj-aLkll F ctb j 

jM) .‘UXim.all l^jall Jc. IjLoJC-I 4jjL*JI *l£jl (J^la. j)-a (JJSJ J£jujj li& jjaaJLj 

- > 

CjLoijjjall (eliiiVl 4_iLac. j^a d)Vja>. o^c. (JiLa. (.“n-N j t ^ 1 1.25 (Jfuill 



(j X c“ i\ n-sll (Jjc. ojlc-J (j£u-a-a]l (j-a t'LjlgjJI ^ . IAjjI^j (_£j 2 kjl ^^i&Vl 4iW! dllj 

^cjjj ^1 jjixlll A-<daj| c^IILq A a3Vi! lguc> AjjUI! CljLujai^. 

.a_ljI*J! Jalj a U u Fob jl Fc ^ V*u* 



^a-ui^JI (jj jj ifi^Ac, ^A ^auui2fcJ! jLja-o]l ^ajui^JI CjIjL^JjojI (jj 

Clia Ijll £a Ia.1xj ^,4‘iVl 4<jU^aVI jl ^ju*i\l ^-5j AjL^JjojVI jg hj 4_5 ill jUa^aII 

^ 4AjjLx11j AnVi Lol <jA .’’u^iUaiaII AJIjjl ■^j'na i 

‘lAA (jl^I^. ^JA j j^.La 5I jLja-oll fiJljj AjL^JjoiI ^L^JJjjjI 

(JfLuli A qjq^ll j A.Lifl* ill A-LoiLoJI ^ja 6^1*11^11 J^LiaI] ^)ija)j aJLaIa ClAjj^ (J£joi ^-Ic- 
AjjUI! jl jJ^xaII ^JOI^J! l**d n^fc (J-lulIj cllLi^Jjl JJjoiI A <j] . 

l^JC- ^.jJxill ^aJ iA_ili^JI j A iiqill A-laUl Cj^LaiLuij V*ll y&A 1 Ljj! JjoX. ^LluaJJ 

a y’l^^aj t a. 1 jS*i\l a^UaII aJjoiLoJ j a y^x> 

C1jLu 5L&,\1 Lijj .jljijl ^^ic. AjjIc- ^ Aqjq^ll <c.Ua 1! ^jJjjjlc. aJjoiLoJ 
^ja ax^LIaII AijaaJI j A Wj* ill cU^LuJI JjjjiL qa Aj^La^jVI 



tillij C5^ ^jLo a ^ aju il (j-o J jjlu jll RNA 51 

(jl jSi l_i^j Ajl jjc. .PCR ^^LaLouII jljxAiljJ! (Jc.l£ ^FVn t ilj & jIc- 

c**Urtjl ^A aJj^)*_!I -Ixj S.^Tutf all 0-c^ll CIjLiIaC- ^ja A-^jLill Jaa 

A l*>Vill dIa . Ajjcjjlrall AjjUI CI^LiIa*! aIIaa 

tf ■* p It 

AjjUII <jjiiJI (jli to^lcl j£j Lafia t^XaAl Clllj (jj^J (jl j£-aj 



lillj -a*jj Jjoiajl ^ \;>ll a_jjjj!i]| Sale.] jpa .Vqx ^ ^Uaj jjC. lAjlsojl 
Lift lijJU (_ji]l te-lilij/l I^A L. ii m (jl ^Laj] ?.laijl 
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jlgjaJ! 4 \\ y'\ , ,'1 Ajjjjj] jA i l ,^1.1 A, C- Lolas 4jj\L]I 4 j\*N. \\ Jj3 ^joa ^ 

l"Iv^.uJ 4 » J^al 3 i a\I dilc^lij]! 2 _Lq j "‘d^xJI" dl JLdLuaoLl Ad ^C-ldll 

j 4-LaiJI (Jjoj^LuJI dL^LodVI &aa (Jj-c ^.ISijl j aJjj .4jj!a3I 

La£ .4 4_iC.ld]l Aj\ y\ > mV 1 ^3 l^Jc. s-IaLVI <^2!! A^LqAjVI db25La.ll ^ 

Jild ^)-c 4 _ic«L1a 1I ^IdLoaVI Ai\iiLiI 4 jjLl11j 4j 1 V 1 ^1 Aadml \ djl ^jl^oVL 4j| 

JxaliL AaAd dLLaiLujj dli 4»u^J dal \1 4_ial jAd 4 jc> 1 iJ*a*^al 4_ii£-c Ail jj 
dliiaJt (Jjjjtij ^LLa J4C. l^jl Lq ‘2.25 ^Jdl) Ajjljjic. 

<daJI) 4_L^)i] ^-Ldj dliiaJI oAA JLa ^al dkJjqal Aa] . (<jjU 1I L^idll <j-a 

- 4 qV'iA ^\l ALd-all ^ i ^ W dl JC. jj Jjoa AAC- 

^joi^JI Adlaj (jl ^A 4 jjI*_11j ^jJa^xll dL.V\*a ^3 ^juAjojVI (J^jLt-II ^jj 

V A3 ^2]| t AxAaAxiJoa.Ilj JaJ^)]! ^A lA^LmJ CS^ SAa^^SI ALd^ll 

-a dLuaJl J^c- 4 jI cl)- 44 ^c-^SLj . ^jI-$a]I (JLodxxiVI ^^3 4_Ai^-a]l 4 4)h ^11 

V 4il VI t^C-lLa ^V Adljll J^Lldll £-a ^Laudlj Igd (jl <j£-a-a]l 

aALd-all ^Loi^VI cilL c. flxxi^l l . i)^*d..a.'l 4 qj U» j ^ic. AdLa dl^)jlx-a <^j£-aj 

L^jJI (^j-a uAIIa 43LdJ .4 a*jjL1a 1I 4_ic-^i]l t^lVbai ^2l! ^jIiIjJI cJ^ Cy* 4 Vu/all 
4_dldla Axddoa dl jjddlxjxxxj Jaj^SI ^jjjLojI ^_lc. 4 jjLxJI dl \ Y\a AAj^jc. I j u*i i 
^C- ^jll JaJ^)3l ^jjjLujI lA^. (. > 1 st i>^n\l (j-c 6 (JjILo 1I ^3 4^1 tfilad 

jA L_a jU-a^ll Aa^Axai^SI ^jl ^_La_uJI dl Adda-ollS (. Mx x> 

.0jJ)-<JI ^3 (JjljJa 

diiAj aLux^I ^L-o^VI j ^jj-uiLaII S aLuxaII ^Lu^VI CjLaIaVuaiI 10.25 

(j-2 Alujai) 

In vitro uses of recombinant and monoclonal antibodies 
Affinity purification 4i&b 4Juii) 1.10.25 

Aj'qVi I j! a jl m-s^U AjjoiLuiV^ >— iLol.^ Vn>iVI o ■ -n 1 

tt_p3rv J (jj^J Lo Lille. tA^VI t _5^ c ' ^ ■»“'»■* l Ol4_ja.j Juijj J5L*. i^ys 
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^1 ho'n! tA-x-sald to^Ld-G ^aLui^l ^l^Udl 0^)33 L5^ 3 -gJxJj .o«d.lj 

^j-g . ^jViA*g, 1I .IwVujkaU o^j-g-gj o.ll^)3 Ajc.^j IgJ^l 4 ^^joiLg jl AJjjaijll 6-li^.j o^Ld-G 
tAilVI ^-ic- JLqjxj ^lill 3 jJVuj*g 11 AjVn A_iLgC< ^3 Ax_^.lj o3l d<G (JL-o-gI ^Laijj 
cilli C—IJjojj .Aj £.3j 11 l-li^. ^Vi<g AjJVuj^g <j-G (j^fLa ^ o^lc- AjI^ 

to^Ld^'l ^\ iti^VI L fltiA^o ^lc« AjjT^^ dl^jaj J x-^-gV I dl^Ld-G ^jl ^A 

. Lg Aij^jJaJ AilVLj o^Ld-all ^1 > ,',-vNf 1 A )Vn c ^ a^j cilldj 4 Alijaull o33xJ-g qj^Xxh l^jl 
Aj jL* 0j!^AJ (^J-GxJI (^)^G-g]I (j-G ^Lal^»VI (Jjlijjall A\\aC- (J^yL^. t(j£] 

>\jJ*i!ujj^ 11 AjVn A jLgx \ u^lj s <dl£ Ia3xj J jl ^ aLuj! £-g l” I vX'u.^ll 

o^Ld^ ^Lui^.1 ^ju^aj ^Tijjoi3 da jIg ^jdjjuun <jl jjaJI £j!gj 3jc. AjV cilSj j .AilVlj 
^j-g o^Ld-oll (J\ x^ix!^ 1 (jj£j_uj i^ll ijj t A_i3 o3 A^tiA^ll Ad 

IjSUjI (JjoJJ LgAjO LgI .oi dxvll ^aLoi^VI (3 -0 lW-^ 0J^)-G LS^ 0 ^jj>'^^ (jl JJ*JI 

ojLd-o3l ^Lot^VI o3A ^J*g> jji tAx.^)^-o ^3 A n>£ II A_i*jjll AjjIiII 

j.dJI ^ajat^JI ^jl! (JjLdllj tig \xyi3 ^JJ ^ddjjaiAl] AjlSjjV^ A_iC«^j]l A^lA^II 

^ic- . Igd o^)-uS dLbG^ ^IjjIj lAjlfljjl (J^a-gII ^j-g jtia-all 3d*u*i<ft 11 

dli A_iaj j o3^l j o3Ld-G ^aLui^.1 ^IjjJ AA^*jjL^3l S^Ld^H ^al.A^V I ^JJJ t AjLuLg 

. ^jjjs^x-g Aillj A_ic.^j 



CjLiiVj ^3 Aj Jnj^)3l Ajjliljlj o .\jJtlUalg 3 ^Lja-cJI Aill ^Lg!iLujI 

Lg-g .HxJraJA^Sl ^g jLja-all ^ j-c ^JJ AjV^lll o3A ^3 ^.L^uj jjJi J!Lg 

t^Uja-c]! ^jl ^A djl^33t-G]l O^A ^JjjLuj! ^jj .AjC'LLg dil Mx A (Jj^-ulj ^Jj 

(JSVI ^^ic- J AjC.Uadj\_a <il]jjj tJaJj 1x3 j-g (JSVI Aj^I tUxjjJa 

^3 ^-g ^j-g ^p^l Aj^I to^jj^J 4 .^✓auaxll lil LgI . AajIJ^TixII dl >liJadjaLG3l ^-g ^jjjjIj 

ilS-d ^jl jl ^juj^JIj .^jJVuj^gII (jIS-gIj 3j3jc» jl^ ^UUjlg 

jSjjIala t^jLi^VI (jdxJ ^3 • (Ajc« LIg dl.vix d^“a^*a\l ^j-g ji 

o3A J-^3 (j^-oJ . 4^113 Axj L-ijaijIll Aid-G ^)JC. ^ u^a j ojjj£ Ajc-LLg dl.V^x ^g 

3^Jall (J^\d ^j-G (J^I^-g]I dl AddiAll ^jc. !d*j ajc.LLg 3I dLiujjj]! 
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j)A Lj-Ujjj ^kj 0 J^Ja A-jl-g-ill (Jjx^^II j t CliLluj^jll (JjoiC«j (_£^£^)a1I 

• aJ jLkJa-oJI j _jllia-all ^jJa.baiA.11 

c . n > njdll Clijlc-lij j)A ^ ^all 11 a Jal JJ ^^iJI jSLlftll (j-o -laJail aJliA 

(jjj AjjliLJI Clijlc.lij]l L5 ic. (J£jb Clinic. laoll &jA <jV cV jl 

^I.^Vuul Jll (Jaj*j V A noMl o AA (jj jl 4 ^ollall ,^qy a\\ ^J3 jLja-oll ^ > hn II j .V^'uhaII 

xtl^VI 6 jA j)A 0jl jA £A (JjJaSl (J^ /ij (Ja* 1] (JjAJ I A '\)} A_Ljou]| J £ jljbaA ^Lad^.1 

C—LLuj^plI Clljlc-lij] (JaC- (JjJa^l (jV 1 1 k ^njl j .A In u "ill gJAxja SjlaJaA (Jl x«oa! £a ^1 

^3 JjJajjouJIj jl_jJa-<JI ^joi^JI (jl <■ t V>J c**n*s JjJjJa (JL^a ^3 £3J ( ^C.1_L<JI 

^xm'nII j)A (Jl ^ aII IaA A_fll^Jal .1^.1 (jjfL Lo-lic. tilljjj . (JjL*j 




IjlLului \jjlaxzji ji j fijLuxaJI ^Lui^VI Af’Ualuib .AafrlUl ljIxuj jail JaLuu : 12.25 J^uJl 

(jjSZ (jl 4j-yj tl^A . jLux&l! ^■uryll AJ&ui) jj laC-lia .n/Vu^all c-ua jjj Jlljjj . AaC-laa Lj|jla_a 

.AWu o jai-ua AaC-tia aal.Vfa a j£aaJ ^jj UJj tA-ualia .n^uasll J jIuSaII ^Lui^VI aal ja £ jj 

A-iC-LlA CjI AH* A Jo^B (J£ajjjj (jl (Ja‘Wa 1I j}A ta^lj j ^3 AjJoIajjaII jl jLJ*ia\I 
^xa>ll ^IjJ ^^C-UaJI jLaJjjVI 4_U3J Cj^lc-lij I«1 ia 1I IbA (JiHuil bk] . A\Via 
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... 

4l> JJ>» Jri^ 

Lj2|jCjjL»jjS :13.25 JiuJI 
. A_£ a A jLuXa ^.ut^ ^±klojl_i 
4 ^ ^ 0| 

jLuxoii A^II (jlc- 

jLuxa ‘<y ^1 ,^Vu*ib till j j i ^ * <*Vi * *i 4 
(jk . Jj-afr L_iili ^Jc <£ ij^Jj biha 
^jl 4a3 j^Jaj 4<jjj»bl ^^AoJajoIl ^-uj j\\ 
■^/i1**i4ll AJI jb ^jib jUxail ^lu^JI 
tiilljjj .JjjV! i ^A; ,, u*i.<> 11 ^a (jiaujVI 

ujLouj JjIuJ! <jj£j jl loj 

jj j£j (j ll\ ■^/i‘ , u«i4H qa buiaU J i j^xJI 
buoj iAj be- JbJa.4.11 

£ jaIuj! 4j).iJI ^ Jajj jl <^Ail 

L-fl iAla^UI djIa^Jl <_ji U-Uu 
£l jiklujj S-Jlc- .AJalukJb Luc- 

ia ijjaIi ^l±klmb ia^jj^il AMaxuLaJI 
A-ua.4 ibU Jla .Ailjua 

•pH ^-b^JJ-^' fM 



^•vg x^ix ) ol^j /mViVIj AxiaJjaballj ,>>^\l 
4C_lL-£all Ajjuo (jiaatJI 

bbLuajjll JajJo^k dJl&LaLA ^jl 'n 1 ^ 

JbLbill Jalij ^ic« (Jjj A_iC. Li-all 

jkjl) JljJ*aLUjua.\l j jLja-<LI (jjj 

Jajlj-ballj cl>^J *(12.25 

^1 ^ v Vq*\\ A <VqM I L ^ ^ -<\ ^ 

^Lba-all jl ,\xSf3L bu>*a 11 

. * aj*qM 1 i ^t \ \ 

A_ajI$ A j^nl jjjojI c^IUa 

^C-4 L_l3l5 L5 Jc. 4' k>xa\\ ^ajai^Jl A^^. ^li^J ^gic. 

tSepharose jjJ — bblm^ 4c_iL-a 

ajj c. : ‘ n^. c^£jLoull (Jc.liil3l ^1.^'ntiLi 

J ^ ^ _y^ bill n i*s\l 6 -aa 

^x^nn.all L 9 JP ^ } 

jl ^t,k)“\ \\ 4j^C- .(13.25 (J5 bill 

A_il aC. A_lajail ^sLj aJI^Iu 

(jl AuLojlII .A_alVI jjLgj^£ 

AJI _)V (JUbJI (JjUuj (_5-^ c ' SjbiUa W‘n>n 

^ic* ^joiil A_iC-^i]l (J\ jl jLba-A]l 

.^xba'u.u, ^]! 1 31 Lai . 4j-o*_ll 

i£ Cy^ tL^ila-a L-illall bLbaAll 

4j4j«JI ;JaJ^)]l Aill (JJaxJ bl^jj 

|jta . A qL-s a Jflj^)jai bll^J A^aJ^LJI (j}^)Ia]l 

jLba-a]! ^ajud^JI JjLibJI (Jelijll Aill blljl^ 
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. (JjAj AjaiaLL<JI j) Z. (_ya\ >.s^aS^\ jjk^A j)£-aJ Ajli 4 4uAai^A-Q AjJaLuiaIIj 

£Cuaua 4_fl j^la ^l.^Vnul <_£jjjjAa]l j-o 4_jU 4 ls Ac-I 4ill dll i aSjLiLg Llljlc-lij Aic. LaIij 

U Ulc. j .pH jja^I ^3jU J Chaotropic lU ' j ajj 

JiLJslaII ^lajaII Aa^l 4_LjJail 4. nl .nil j Um^II jj jLoil A! j)g m jjj Aj^joUJ ■ wV I n^| 

. ^Vtx3j 1 xnl**! ©jULij c_j^1]aa]I jua jl£ Ikl^ ."U^VntixAl jl ^4_jA^jjuj| jLxjjuj jl£ I kl j 

% 

CjVIa (jLiakVl L_ilc.l ^ ^UJI L_i;iuijj]l OilftUj ^,'i-s'n.n 



•j j-. g \\ ^Jc. Ia. 1*J tj» > : iij\ £. .a-a.i Lajjui^a ‘U.on.i.all >.” n*s 

Jj-aC. jjlfr Ajjajj <jlaC- jl tLifrlia ,'uXnu.alt L-LU >i jj Ajjaj g.,n.uiJ . 

^y> ajJC. (jfc ^.uu\.l j-aAl ( jL^uall ^joi^Jt 4 a!I ^Ac. jLaJE.'i/lj 

«5b.l c_Lk-£a j La£j . xJn^all ^ juj.:Sk]l ^a Alolij aLuujI jj AjlB jjcxi ClliJjjj CIjU 

> 

c_jjijjaJi 4 J 1 jV i-^j j x^i^ii ^xjj^kii jj-ac. ^ic« Aaivi-j 4jVnii 4 j^c. ^a^ilujj <ji jjS-oj 
Jj-Qj .0jj-all Lq AjJtlUjAjQ 4 j5*n (J^.1 (j-G iJjAjS jl ^Jul5l£ 4 0jj-<ail {ja 

jpa _JJ^1 A^xll ^kJui^JI (j^fLi I-qA^C. jjJaSl (J5\j>jj,i (J-oxii &A A AilVl SAaC-I 

. AjJ^ual! J jl jJ^l^il ^XJUi^Jl j)JJ (J jjtlill 1c. ^JjalLlxJI 4_JJjbwji]| J JJtJ UilJ 4 .^U^ll 

^'L^^jJjujI i-Jj\kaH j-o 4Al jl 4 AjA^. ^ja 4^jIa^JjjjI j ^)J^Aj ^IjUjuj (jl^ l^j j 

lij .!a^ 6 ^)jj£j t/’nuji 4ilVI (JjSj (jl a\\ qa ijAic. 4 UaLi AjAajuj-«JI 

^JUl^Jl jjli 4^julll^ 4 0jjuJl (j-0 .\x^a UjJ^II IjIaJ ^J.^'Sk Ail jj y&A ^ ^il (j-C jjlS 
AjJai^-lailj 4 ** Unjj Aall Ijj AjJflilub&jl j}ua ^)^l (j_^^ (jl 4^ jl.x^i^ll 



.S^jjail aa ^iC- (jjl^Ia ^AkluiV 6^C«I a j£aJI (jjl^jJall 4 flJjSj (j^xa^ll jj-a 

A jJJ 4 jljj*i^,\l ^jui^JI oLij Aiil Clili diljjj^. jlj^l (jc- lAA j)j£jj 

^jai^JI ^ic. U?J -^ J (^aII 0jj-<ail <ill i Axj ^jj 4 :< n^ AalVt 4— lllflj 4 G jl 

j jJ^all ^jul^JI Jaj_j ^ Jjj L_si jujj 4 JUL .cJISlI lAA ^jc. AjJajubailj jIuJoaII 
JjA*j (j^AJ 4ALL<a-<i ASJ^iaJj .^juAj-g ^jlC* Sl\\ ..\jJa.jjuj^.ll (j^al t^rxA jl ^Jl 

6 J)3t X^a lIjUj j^. j) AjjIj,^^ (Haptens) 4AjlAm^-j LjjLj^- 1 ^ S juAn-all ^aLuj^VI 
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LiS^Lujj AjjJiLa (jl VNJ j & jl jJra^ll ^Lu>.?k V 1 l^.„V.\,C. (jl 

iyaj c (Biotin) oij jjJIS Ajc^Loi-a Ajljj 

j (Avidin) (jj.i}3Vt£ (Jjj j±i II sL^j Aill ciili <jl 

s s S > e 

cjljL^a ^l,iVn»l Ljajl jSuu LS . j ja*JI i_j31Sj L 3i*j jl (jLaj t(Streptavidin) 

^jSil (j_£jli]l IgG 11 4-1C. jjll jaiil! Aifr SjLjsLall ^Luia-Vl JlLo) <frllall (jJ jJjic- 

.LlC-lia ' g n i *i jj jl Ail'll (J^lsa i^ya 4£.L1a 1I CillVqT a ^ua' 




»■ uaJI » >■>*. .A ejlasJI ^ ljIj ELISA <Lu&l jgj > iu : 14.25 jLull 

l&Jxj Jljj Jjla alt £y» lush >la]| JaU&l) J^i jJouJ) ^le 4£jaJI j° alt jLjajilt 
jLuajalj a > 11 a " ‘ i\ a jaj cAjjliU! a jiaaJI ^ .Jj*jLilj 4jajjj^ll jjfr lilijjj oJalji! ■*■' lualmaJ) 
■ll i^ull a ■ aa It Jljj a tlfeJju iJajj aall Jya jjlii ji _jjj! ^jjjtflj ^jjji jaII 

JjJb&j ^jjj ^jVI i_i£ja 1I * jl ■ jaj . JiuiiiLi t lual> a-alb Jajjjj jj ^jll Ajljll ^ jjji jaII 

<jji 0 jU1I JjjM jJull 4 j£|jj» ajlfi. . £y» (jjjua ajji ^Jji ^jjjSflj 

. L^Jail (jaiLa Jl^ a 'A. - ;, ,.i , 
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Diagnostics 



j£]| 2 . 10.25 



b 1 I 6*&cLiCaa 3I W'w ^ | jjj 

ScLiJa-a3l ^Lai^.VI (_£C3 . A-L^idCd!! C* \\ qj^Ml ^3 jA t <liuult a-li^. j 

(Jj Dm ^ic. . sAq* a 31 0jl j-<JI ^3 o^jjLlq CjC^j 3 ^CdjjuU jjlj IgJ ^pq-ujJ 

CljlliC. SCO ^ CC^-G (jj-OJjA jj£ljj CjC^Cil ^Lal^.VI &CA flcdU j)£-GJ t (Jlj-all 
(JjjJSJ jjl (j^-GJ 6 AjjojL1aJ! Jnjl jjdall j (JjjJjULg3! ^1 AV*DmIjj . aC 3I (j-o 

cLCa-all ^uul^Jl ^auuJ^ (j^o C&cLc- L ^ ^~> \ W d^1_1^_a] 1 dj! Ax^!ljabal! A_La^ 

CjIaJ j 3I (_3dLaU . .,\^.u^.a 31 A_pd <jc. ^)J*J A’ua^ CjC^j ^JJ <Cj 



^CddaJj idjLo jjfi* J^)^li3lj dlLaJ^lVIj ^AjljouJI ^jUail! 1c. A_^tc« I 

• I^jc. c. <jojILo 3I c_Li£JI 

^j-c Sc ^.1 j ^ ELISA a 1 ^ 1 a 3 I S J 1 aa 3 1 A^llai) S jjIslaII (jj 

^a ^^jujLojVI IaIaia . ^ jj3I 6^)3 j1a 3! ^ Cull JL^-aII ^3 VjIcj ^y£±i\ dal jYq all 
dJfrljaJ CdduAj fide. till Cj l CldlJl ^ajai^JU GJjujLw Qjfi ^aJJ $-LaJjoiJ 

JLJaJ-uj-Jj j jJ*>a3I ^jol^JI A_ixd Cj-lda ^ j ciI3j Cju t^^Lpuflll c^LLill 

. ^jjjVI aJ^joiI^j ^Cii-c ^Jj ^JjVI l_i£^a3! (J^^j (JjjLjs jjld (j-a ^dLi^ ^ic. 

Ic^lj lla^^. jjV C6 ^Luj^U lAjAdia ^di.a AC£J ^A (JjVill IcA 

<11-^. ^3 . CC^a di3 j Jjld ^jVI Clalla^^. jj-a CjCx. 31 (J jjl Alic.UaJjoj\j 

^j^al .Ja-UMJ (JjjLjS (j\^ tAJ dal Vnxi (JSLdi jl Aj jL& ^^3j^ ClaLd^a ^\ Jidjjujl 

(j^A-a3l (j-a Ajl La£ (Jc’liiill A_lo£ d J-^ A_la_ujl 

. Alj}:xsi~\ Cl l3j a^joiLpa (_Jc-lij3l (JCx-c CC^J (jjjLiS3! I CA (J*^ 

^aUaj ^jjjLuiI ^^ic. Ai3cll C1 jIj ; i*j 3I jj-a CjCjlSI tiSliA 

^ic- I jlA-o ^Xu ,,.oll Jjl, <? Uiill I^J Jlill ^3 .ELISA— II 

^j\ aaiS -3^3-j^j j\ Aill -3ajl^ 1 Lcj cL-ili-a 

(jl c**n"\ 1 ^al JViH ^lj ^^-uj^a 3I cl j)-o 6 CjI j A_ia£ c_flLCaj IaCxj 



Aja£ Aaj jaj 4^jjjVI Aja£ j.^Sj .^JjVI 4^J-dl ( — ^ o^ij Ia^Ixjj (JjjoJlIIj jLk-ia-<JI 

Aja£ ja cELISA SI ^aUaJ ja (J&jaII I^A ^3 .^✓iUmaSI j jLjaAl! ^»jaiaJI L_i£ja 

jj£j ..^a 4A-Jjlxll j A JJ^VI JISjoiVI J . ^ajjjVLj (JjViaII _jVI C_j£ja1! 

*6 jl j^aH ^LuiaV I JA jjijjl ^1 -likJjajI £A 4 — <i JJtJ ^Jt3 JA 4 lAJ.^1 lA ELISA— 1' 

^ic- .(14.25 (J^jaII J^l^ JjaLiaI! JJC- L ^Uaj ^ic- S^-jl jl c4_ail^»-all 

> 

4 4_lL^ L-lllS ^^Jc. Aj£ja ^jSj jl j^AJ S^LjaxJl ^LuiaVI -lal 4 (JIja]| (JaJjoi 
A_ 1 a£ 3-l^J 4^aJjjVS-J jj^a'I ^^jljllj . .liJaJjoLAll (AilVI-J JiAJ^ ^a.ilr^JAALjj 

^ajaiaJI jjo3ljj ^3 .IjJaLuiAlt ja 1 -fllV^A £3 ja ^ic. L_fl jxjIIj cilli j _La3 tfJI . ^ ,.'J 

ja CjI 4^ d^C. L_LlajJ A_jl^ 4 6 JjoiLiaS! jjc. 4 - fljul&ll A a)Vi1 ^3 IaI . jaVI 3la-ia-<JI 

^ J*«M Ia (Avidin) jJ»lJ 3 Vlj jjjjnil l!Ij 14 O^a ja jl S^LjaAll ^ 1 djI^Lja-o 

* s # f s 

Aja£ -Ij-l^kli] 4 ^ lA VVl ^ajh*i i jl j£uAJ ccilli jc. - ^1 Yy\W jj£| 

AjJ^iLjjaII ja <3 j j*a A_1a^j Jaj jSI ^3 jjj31jj]! JAC« ^llVill ^3 A_S jg ^aSI JjJajjaiA.il 

(JjIjjIxaI! ^3 jjj£ LojLujI AaIsja AjLjla C5^^~9 ^»jjuija]I Ajaiij 

L_jl_iC- J j] ^ jjoijaII .lii/iha" Jajj ^a-a3l JALaJ 4^Jlj]ljj . (4.*-JLdl A-IC-LIa!! 

Jjaj Jla. ^jjoijaII JjJauuAll Jajj ^Jjlj 4 jl jaaVl A_iic. ^3 jji3L1a]I J<Ja*UiiAll 

. jl y'l^Vl 4_iic« C 5 ^ j^S-i-dl .^jJVuaiaII A- 1 a£ 

AjjASI g. I j-ajSlII ^^3 IjJ-ajl A-cjjuj^a]I o^L-ia-all ^l jaiA V I L jj 

^lc« AjjLsJI diLiJalll jl ^JjauSI ^jl^)xij jjJiV,) 4 JL^-aSI I^A ^33 . A_ic. L iaSI 

j> 

Ajc. ojl xJoa ^Lxa^.1 Ia^ju .Aja.lA.jll j^aaII ^jIjja 

f . 

aJ jVI CjUSjaII L_flLjaJ .CjIaj A- jjlLcj 0-1 xau3I CjIAjJ^Jjaa l qI^aS 
jlual ^aJJ . (JjjaxIIj jl a^iaSI ^jaaII JA 6^jI jll AjaSII aJI jj -Ixj tilljj 

^^Ic. L_balJJJj 4 Lj jIa 4(Ja1a JJC- IaIIa ^JaJU l^jj A-il J^\ CjIjSja]I 

L-JjaIIa jl-lc. ^al . Yviu>l ^a ^jsl jIaIIj jx^all j^aaIIj Aj^aLaa ja j^A^lS AajjjaII 
J WwJ j_ll 4 1 JiSa j .Aj jLftll LXkil l^a. ^LusoSa Iqj u^raj ^jjj Laa AjjIaII Cliljjj^Al 
^a jl n^VI ^^3 ojIxJtiaSI ^Loia^U ^jjAaII j^jaIiSI (J^Ia jaj L-JjaLaaII jIaSI 
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illLa i A.,ll?k II £ja *1 j^l i^?\ ^ja Aj\^ t j^)*_a1I ^jujI ^11 

(_)j5 ^j-q A-ilc* <— A>*^H L$ C^All Adg‘ixa*a.ll ^ic- ^ j>*Wi cal^ill ^»l ^^^IjjJJjuJI 

^jI£-qVLj cELISA SI ^Uaj o!>Lc.l l Qx*o j LoS a . ^Ida-al! ^uoi^JI 

jLja-all ^ wi-v \1 jl j jl dg-all ^ja a J^xILq djliila djLuiidll Jj-lsu 

LjJg.)l (j-a ^Ida-all ^jol^JI ^juj j Lg£j . ^jj^ll]l ^.I'vda.l J ^.1 (j - 0 

^IddiJ ^ (Fluorophores jja jjjlill) ajjlLJI jAda^ll ^>.11 

.* 

Ajji ^2 ojjiall £»a Vasl jiLall all t>>.a\l ^\ tuaVI ^.W'ih'i .Vic. < 'l> : >i < *'" (_£jjl3 jg ^ a 

4^ vaij ojjlall ^ij^ Jidj ^1 Confocal microscopy— II 

A ii?'i\l oi& ^gi Sjjj-=lII iajj .dl2j]l ^gic -idtj VAijjaj 1 g'Oftlda j A ilall jl 

4 jjj-all oi& . i_J jjuiLall ^gi I g hqa Igiiidj jd dua (jjjSJ (_£jjj A$ Jpui-a 

J> f 

jt*AM Ajj^j a^)^x-a ^Jj <jl t Aj A 11 Jild "^jI^juo" (Jj-qj ^lill 

.aS«i!I ^Jlc. j jai a jAll (_^a-q ^ic. a AilAS IgASdn 

IjJnjl (jS-o-oll ^ja Ajl^ tdiS^ll (JA Ajjlidi dJ^iS (_£da ^Ac- JalSill ^aJ lijj 

.A-ilaJI Jdlj a^^lill V£^)a (jjjj JjdiLa ^La iJjii] 4_1 J t ill -» II < al,'l Vital 

jjta a!' jLuia]| ^vudll ^1 ,\V*uailj jlall JjAll A <Vq*a dj^)^^gj Vq\ 

AdS ^Sill JAdil! dlliSj (Fluorescent antibody cell sorting) 

^joij l^_i3 . A.]gjjon jLlq djl j Ldajl Aj.HlII aAA .aAjjou]! -lig . j ^Lda-oll ^ 4 n-v \\ 

> 

tiil^ _l*_j . '' ] V ,i -s 11 ^jj^L ^.WlttiM ? j jjjlillj A Ijtaill 0 . *1 j ~i> j ejl t .ota II . .'-.VI 
J^j ^gic. til]jj aAjLoi Cil jjaS (_^j3a-a ^ 4A _^3 JJE- vJlc- “Ic-jaa u Ll!)li>JI JJaJ 

. ^)_j2j^)_jiall JJJJ C5^l ^-lj<-ti “La^a. ^gJ Aikl J Cj3_j 1I ^g3 ii.la.lj Vila jj^a 

t_yiS . j (_^9j ^ i_J£ (j-a a jll t^-ill ojjlall gjuLlSJ i SLaul j^]l ^jSU ijllc 

^gic. ^jljlS J^La, (j-a Lj!ilal] ^^a .1 (j^ajL-saa I ij-ijl (Jjliij (jl j^-aj 4iHi3j]l 
allljjijjjia ^I'lViml (jS-4All (j-a LaS .(L£>laJI Vlinaj «.jjJa]l Va_)a VnnTi 

jj£j tillljj . A ql'~V a alLjaa gtl tn-sl ^joi jl A q\'ia a Cjlx_u! ■ ililal dll j A ql'j-s a 

4(JULall (Jauu ^gic- ia.^x all 0 jlj-a]l ^ ^^giia Id. ojjiaiLa (JJLaJ Hialj jjl^aVI-J 
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.isa .•‘Uc.^jal! Aj.uiLi.uV I ^ un ^^Ic. (jLujVI ^ LiV-i. (Jj-a3 (jfLaj 

(jLuljVI l” IvXunJ <J^UjjJ L ,\a \C* 1 

1*^ j±£ JSaiu ^Cluster designation (CD) £-*^1 ^ 

* 

(j-a .liJatJI ^ Cjjij JjI^jII 0jtii (jj .jjlLall JjklSI ^CViml ls 1c. 



J_ps ^.W'lun ^ih Lajl A lj in 'ill a-liavj ejl i^nxill ■ nrVI CliL^. jj ^ V- Cjl j n ~s h\ 1I 
jAij Cipi iA^jLilo Ajlc-laj tlilj Clilc- jh^ui ^ ajL^a-aJI ^Luti.Vl oi& ^laaj 

i_ia] A_1 a]1*JI A W 111 CjJUJC-I lilljjj . LuL^aaJ oMa a Igjl CjLla^jII aJA 

LViJI , a jn^l (£]] t CD3 cCD2 iCDl Slla) CD aL-L. J ^ JJi.n 

> 

CD ^Jail ^al .IVIaajI ^jjjLill (jjj (Jjld-a 4jl . djljt-^dJI a.3A (_£dj ^331 

dale. Jl Jj*j r ^\ Y^l A+jJj\ AJV^I 3 V] O.X n nJl Jc AJV^ll 

t'CDl- dll jlda-c" J ^C-d ^Illl addadl .a^dx^SI ^l~ui^VI 

iCDl 31 ^A oi da, ^33 ^aLui^VI ^ x>Vl ^jV 4^ laxill L** n*s ^j-o 4d^3 ^A 4^\j-o 

• CD1 a^ldadl ^*3 hi'nV 1 Jj 3 (j-a 4_ilo lJjxJI ^ill ^A .^daddl j 



S±i^j SjLuxJI Ajj-uiIaII S^Luxalt ^Lu^VI ljL^'^VuJ 11.25 

^^1 ^>33 Ji3 j A 3u *» i3t 

In vivo uses of recombinant and mono clonal antibodies 

-idxll .^1 ^3 a jl ^aljoi^VI Clll-ol ^dLall (jj 4(_£^}^,l 6^)-G 

dUl.idiJ (J jljj dc. (jLi^VI j ^ J^JI (j-o . .^^Timxkll al_d a^^ldl aCjc.^ 31 
^3 ^31 £> . ^ i ^3^.V 1 ^j| ^jl JjujJ ^-2^33 ^3 <Lau31 a -li^ j a jl x jo \ 3 ^1 m-vV 3 

Ii3jL<^ til3i j tldJ ^jt-iilail j3_^ ^ Uuijjj I jjj l_ix3j 3 m 3 >»^l 

^c.^)33 d3 jjjajjoiA33 ^J3^3j d3jja^AA33 (Jj3 33^ d3_j3j^V3 

dj3-^3>Lx3l -la^3 (J;ila3! 4<id^JI ^3 4til3_iA caj3 x>>^31 ^3 ^jJal^3l ^)j«^33 3 1 a 3y* 

3 3A 3 ^xjj -4 3 u n*i 31 bM^.j a jL-da3l w.nV | aj3 (JjtlLd l_i31_2k tix>33 

c"l3 ^3>Lx31 Jj^iaj ^ A.dda'd 4 _AaC. j dll j3dc-l Jl 

L_ljldi3l ^^3 ,iaa3 .^Ij jlda-o (_J3d3j ^j^daJ ^jj .ajlda^l ^ 3 
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^gI jA *Lg 1 , Wnul j A * n' ^ic- (Jjj-aaJI j Aj^)J^)-uJI 

J ja . Jj Ig-LlSJ ^aJ lil Jj£l <^A <UlaJI J . (JjjJa Cll3 J <il£]| JjU 

A \jxmi\1 JA*ILg]I (_£^)jaa]l IgG SI & \ hc*\ j ^aJ .(jVI CliL^ilxJI 



Ua^. ^ ]^yj G <c.Ua 3I (jJ jjjlc. ^1 JVIG ^IiLg) 

lid! CjUjluJal (Intravenous IgG ajjjIL 

jln^l j LaJ ^ ^ j Passive immunity ^LuLdl 

_LJa (J-GJtJ ^aixJl _jl Al-a^.Vl (j-a 6 4 fullS! aJ-lxld! 0 jl x^idl (J 1 

!>ILg) 4jjJVI ^a-GjaJjj ^aJai ^ c(^l^£il ^aJJJ ^Ixg) Aj^)jj£j]l ^a ^^-GjoiSI 

^a sd ^>g\ 1 ^aLui^Vlj (jl . jL^JI ^gjouSI cIjVL^J ciiL^.^Lx£ ^(Digaxin 

V <^3 I^A (j) Vj c4_Liuu]l aJU ^. j SjLla-G ^al xti^slj l^Jl^iLail t(j£-G-dl (j-^J 

dlL^/lxl] I aq a !^)jJ cdLiA <jl 1^-jJalj ^kjj 4_ii] .IjLc. J LpL-aliSl ^jiWiW ^IjIS 

(JL-a-oVI 4 _JIjl 3 <j-G (jVl 4 jIjjI ^ La £-g c<Sjjou 3I a Ai^j ad-Aa-dl ^al 

^Jt> j ajjL^iSI daVl^-ujVli caLjouSI SjAxldl &jLia-dl 



J A J JjJI oAA ^lc> L-llildl 4_}3 Al (jl (j£-G-dl <j-G A^,lj (JI!Lg ^SI-iA .4 JjoUJ^)3I 

i 4 \ j x in 11 aJAxldl Aj^uuSI (RheSUS D) RhD ."u^Vuh^gSI dal jl i. Jo a J,\nJ JLg^I 
Haemolytic $aV jll lS-^ *1 j-aaJ! ^aII L£U. JLd o- 3 ^ <*-id a^aVu^SI 
Aj^all sida-dl (> J ^oi^j tdsease of the newborn (HDN) 

^gic. ^Gc. RhD ■ *\ * ^*>*3 1 . » a ^jj . RhD .^/iun<al 4_ic.^iSI a \jfcM ill o,\)^ j 



^aJ (J<gVi ^IlSI ^aVI (jli Jlulljj 6 ^-gI^-aSI ^j-G 4 -g^-g <luij ^3 ^aJl IjvIa. 



(jl£ lij 1 ^ )jW f.l^A^Jl ^aJl UvIa. ^jJa 4 _ 3 C.LLg LliljL^JjujI ^Ludjl ^ic. djjlS AaJjoj 

RhD > ^i<g ^jj jj .6^Slj ^j-G ^^jALla]l Ja-<ull lAA A y j \‘\ RhD ^ (J<g^ j 

L^-lla^kJ L_11 ujJj (IgG *> Q*U«o\l ^j-G (jl-^ 1 jj j 4 _xUjola] 1 ^jl Al lc-1 Wntllj ^\ ^ic- 



C-I^A^Jl ^aJl (Jl^j V .Ig-lii^. (_^^S ^aJl 

j*i\ aj\ VuJ (jV cRhD ^ Jjl j (HDN) ^31 ^**n.w 

Ajl V] .RhD ^■*^a"u.u. < G .I^Ja IgG ^Ij-ta-dl r>xM^\l ^j^Ja-lS A-iC-lj-dl 

^jjjWn IgG fiJjLiJa-all ^al >n^Vl ^jli tRhD A_ijL^jI ^aJ 4^3 ^x-g (J^g^SI 

^JC. RhD CliljLja-G ^aVI C-UaC-J ^jl JLa.j JliS . (AjjjIjII <C.ILg1I aA Vntil) jj£l <C.JjoiJ 



1066 



JliaJI liA ^ j . RhD dl AddulAJ l^lLolull dldj jl AjldcL SaV j]| d£j 

J 3^. j f- 3-^ j-oVI ^1 AVuhV I (J (3^11 (. > \* \ ) (jl j^ A) cRhD l>Xh>loll jc. 

j-o AjA^JI (J£joi]Ij tBSE ^IajVI Ad ^^AdVI ^dLaAll (3^330]! (JIa 3d! 30V I 

^3 A-gJjuJI ^aVI g^kc. ^3 ^aSI dal VVm jjjjd (nvCJD dAliidjj^ll L_jj£d (3330 

.Alid3l Ai^, j glndl ^l.VvuJ (J ^dlll £3A ^ LgIa I jjJ cL-iLdVI 30 c- 
JdlA l^lAkloaV SAldadl ^l.xii?k V I j-c AjA*JI a£! c II 

lgj£ Aia-lllall SaI jJra,xtll aLui^VI VI j^-aJ dVl^- AIIAj ^->11 



jdd L_liuJI A jxjj • Aui^ll j-c Aj-g^ 3II Li^ldll jL^JAuil dV jl l aI A 39A 

(JjjLujI Jc • 4 dli]l dL^Vlxil Lg tAld dLOlc* j 3 jj ^aAc. ^1 ^g-udj 

^Lul^V I (JjA (j-G (J3X-33H C ^ l\Wl j^fLi jl j^-oJj aIjJ 3 -g]I ^ajui^JI 



(Jj-sa jjll A.IuaivII 6 A Ado] I S Aldad! ^L^.VI j-lldd Lg ^Jj AjjjaAll oAj^j SALAadl 



(3aiLujI ^^ic. Adlall L_ljLaail ^aUoII (Jjiall dAl ^jll L-llluiV I Aa .1 4 A_lSJ 



. S a\_A 3 -g]I L 1 u-v V | 



Jjld]l sl a! ^aL jl j£cj ^aII jSaJI ja (Imaging) jjj-uiUI j] 

0-oA (J^d j)-o AUij 3d <^3)3^ jldVI ^xjj^ JdlA jJVill ^ (u^i^vll 

Jia. (_ 5 ^ Ad L-JjjaiL^Jlj 4J3 ^jjJadl AjjAaJI dldfllll j 3 jj j SaLAaaII ^aLai^VI 
^doJ <Lg 3013d! ftAldldt ^LoiA-VI jC« A flxxfUl ^X! 1 a j^GJ ^AIIAJj .^^J^xdlll 

L ftxSl^SJI j)-G ALuJjuj ^alAdLailjj cLol-C. dl^Lol^ aJ^jojI^J ^33!! S3S3AIAII 

> 

AAAj 3^Jd ^A^dS 33]^ jl aIxjVI A-iiliiS! 633x^11 j^AJ Aj i A-S^Vidl 

Adljldl J^LauJI j )-4 AjA*JI (did .<^3013^1 SALddl aai^V I (JI^xjI (^30 
6AJaAj«-aJI Ail VI dli SALAadl ^Lui^.VI A-idllj cjllLall (J-Ux^j ^ Ic- * AjVjfill eAA 

3d 3k VI ^ojd]l e\h £-a ;Adiui J! ic. J)£j^iJ ^jJ! jA JaS 3 1 g ^ui 3 tSUjA 

_jl ^C'jj ~)1C- J£aliu A -s miV' I ^3 Hi’S 11 (j^->» 1 ^i.1 ^aJJ La£ .Ja_jJ^o 

oiA .1 >>ill Cjl jilA jjj^ll CAvliSiui^ j FC Cj^l )?']im 

■ ejl >>>^11 m-sVI (^a sAi .1 _j]l 3 J ^Liall ^±! (A iVq'ill 
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AaJ^’uai^g.H ^HLg cAjJaj-ua-aU LiC«^j LgAA^J ^jLuaJ 

jjc. Q* (jfilj ilial^ IkiLja jjlia j^\ U ^Tumour-associated antigen 

<j-G SA^Ij 6 jx.^a'1 (J^-gj 4<illA A*J . Ax-fia!luiA3l ol^j A_iC«^j 

^>B jAjj AAJ^)Ul fiA^-J .Ja£3 JaJ^ll ls^ 0 4(_£^)^.VI 

^jC- Ajt-^lj {^yzA^xlil fil Al ^»Aijj Aj| V] 4 A 3)3^11 ^3 ^A Ug-g LiC'^J Al a^kgII 

. A'mAll ^jial ^y^\ (3 -0 ^ g \j i<g j A_i^^)j dlVli^jl 

lJjUIg]! cjliukill aJ ja j t (Cancer therapy) £lia j^' 

A-k-saLx-sa^)]!" J oLgxji-g 3I o^Lja-dl ^1 m-vV 1 JaJLl^o AjLj (JjoLaII ^h**G (JJJ l,£ jlc. 

^)La^.VIj A-gUI Ail *-k x^ill ^3 ^.W’u^g.H ^ aII ^A j 4 M Ajj^xdl 

A_lg^)^ 1I Ll^livJI t— il Ag.’uAj a] ^axjjj «iL>Ja-a]l ^a.u.^11 AjC-^j <jl ^A o^Sallj .A_iC«l AVI 

A_iC«^j (j^*j ^)-g 4^jl I ^j.n.).?Ta ^^3 LiA (J£LuAg] 1 ^ij j . 1 g ^ Vil 

IjaIS (jl (j-a jUja-oll ^xxi2k,.U Aj V tLulj aIsIjIIg AjjojILg ^Ajjlajjl^ 

i^y iA .A_lg^)j]! Ij^liLlI ^JJ A_ll! <^-g (j^aa \ (J-U^ajj ^^ic. 

(j^-GJ (.** n*s l^,j.lc> JULgY^J 4^*j^ll AjC-^ill jl AJLsI^-g]! (AjI A jJaLai-d! (jjjju (J^-joJ! (j-G 
(jj 4<iIlAjj . ^jAaJ^-G Al x^>*g >\AJA^k AlAcJ I'NJ A_jl LS^" C5^ «^.jj (jl 

CjUIL (Jj5j a-g jli-c (jjSj L£)L^. u' C5^ (jLf^YI l_i1c.! ^i a-gjIs]! aJL^JI 

CljLlLaxJI j\ CljLciXLl^' ^JA "^lLg 4 aLxAxaII C5^ 

^xxi-sll l^_i3 jAjj aJJLgVI ^y*x) villiA j .Fc Clj^ljALabG CjISjLjjj Jji ^j-G o jHajI 

^11g (j-G (jiaxJJ ^jAaJ^-G (JS ^-g A-ixaij ^3 (3^^ ALja-all 

.Aj^J^uJI C_J^)Lai]l ^^3 4_3-juaail CjVI-^ (3 -0 cilliA (j! V] <Lg jq^l\ll j UajS jlM 

4A_lgjj]| A-iliJl L-il A^-bojl Aj^JlJall C t nVuu^ll CjLJI qC. (JjAjS j 

4^-k-ialj (Jf\.xxi,,l ♦oAI.x^i.gII ^1 trt^Vlj A-gLoj J-gI jC- jfi ^.LaIxJI 

Ajjj ^All) Ajli£ AJl-C' A_lg£j L iC« 6 ^£^aLg1I AjuouJI a\, x^a^ll ^jUail 

^aj3J (jl ^gAuull (jl jS^.1 aJ^-ujj lA J-gC. C_kx-ajj 4 oAI x^I.gII ^al om^VI AiJ! ^^-g 

^aj-Gjoi (j^)5 A^3 Lol 0-Uii.l ^Jj ALIs ^LxjAJ (J,.).x^j!1j 
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Abrin j <Ricin <4^4^' ? tSAljj^ll *L^V4 Ia^. aJUa 

Ca\ .ia^Ixai^SI \ iua «ii^. ^^Ajudll gaa Ia^jjAj .Gelonin j).b>j 

L <u3 a_aj15 J^LuIaII JIJj V t^y* x ) j 

A_g_^, (j-<» .A_loj^I AjAll <Jj 3 4_^.^)A elj &LaA A_ic.jj]l ^A t* A-Uu-J4 

Jojuj j!L<J I (_£AaI! ^^ic- _J£ia C 5 ^ J ^A^. AjlAjCLIxjxa a^AxJI fiAA ^jl jAjj 

• Ajudl! J — ^Lja-all L_j£^a] aLA^a!! 4^ 6 AaV I (Jj^lall 

^)JC- SaLg CjLaJ^jlj SaLAsa]) ^LuiaJ V I (j^§ (j^AJ I 4 -^jj£j 

^ Jlii j ja*JI jAx^ai <j£J JAa. ^Loj J£ji ^1 ^Pro-drug a^Laa *1 ja c^uLa 

<AjIaaJa]I A-C» JI^'S^Q (jl C-QjS ^jisljl L_fljjaij . a)^jI ^£^)aJ (jl^A 

4_^jA ^jl ^A CjLi^jjI ^LujV I a AA ^*ja^ ^3 4^_j1lu1a]I <1£jola 1I (jj . (Jaxj 
fiALja-all 4 <ja ^)Jj£]l (jl jC^^yA\ <_ja 4Aj3A 

^JAJ 4 ‘N jmlVl ^^3 ^^-jA ^JJC- 4_iAjaJI ^)JJJj Ajoi^JI (J^L^ (J^^J 

tJa jjjill aAA di^J AjAaalU JaxA] LaUJ 4j* ^ nVun^ll CjLJI ^jli ( CjIa jlLJI 

^^lc« A_iuUJ^) 1 ALAjjjI fiAA •ALkJa-dl ^joi^JI A-Lft£ ^^3 SaIj^I L 

Ajc«L 1 a]! CjlAte a !1 ^jaIi djI^J-a^ll ^A j 6 ^)joJI ^UjjI j tAilVI (^jAal 4 ^ \\ ^Jljj 

. ALja-all (jC. 

^LaAll (jj^x ) SaL>i ^11 4 tti^Vl ^»l a^HujI ^Ic. a^SUII CjL^^UI aa3 

AjC«L1a]| C_ajUajII ^^3 A^^LauJ! 4-^^^ <«— fll A^HujV ! ^Aj i A^.1 j 

^uAVnrtl aS] .(Immuno suppression) ^UaJI Cu&to ^Lijj ^Uajj 

jl i CaLj\^MS ipUJI l" <1 » ^'-v ^\1 ^_^a2k L-sIa^JjoiI ^3 aALja-all wi^VI 

Jj3 ^j-Q _LaS3 4 Ac. dj! AjJaJjua-o jl C A_ljlll]l L> * 4j^ 'A YW ^ ClA^^Lui 

ClA^LASAxjiA ijc. ^>J*J < _ s Ili) iillj Jla Li^LiJl ^ijL^al Ajc .^ 9 dll » -a’W -a 

oi* (Jj 3 ^1 a l<i\l i."i'j-nj"'I jlmVl C V'lg"l tlljl£ Jal ,Vm ^ CytokillC (jj£jlliJi 



^iwi-nH ^ic. a,W.i«..ft.ll A la iilnll >. ^ liVi 



jUi 



(> Laj 



^S3 Lot .4jC.lia]l ^»j),a>,»iSI ^l,*|-s"niJ (J^i. ^ya _jl jL^ball 
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j)-a ^jl Jl3 j . c_Jj J ajj V ‘A . >1 1 >> -a ^Lua^.1 ^Ia^JjoiI A.^l i >m\l j , .i-vVl ^ 

idjIjLi^U A^iL^aVl Axi,ila]l ^jl j 6<ailk-Q CjljLiV nVn*n LiLkll <jl till jjj 
j)l l^jl ^»l (jJa* ill Ig xJaxn 4_1 Cl! jLiyi ajlA Cjl£ La lij 

L£>lC ttilli j)C. (JjJj£ jl t^Lgjll ^ 4-budJJJ LivL^ C5*^j m ^ g*Lu 

6^LiJa-al! ^Lui^V 1 ^Ia^Jjoj! (J^lC j)A J . (_J*^1! SJj j)A l mVi q \ L^jLui j)A A-iAjIaii 
SjlcJ (j^fLi (jl (JaLIaII (j-a tAjxJjJall AjjLlII CalaLuJI .Ya^vi ^lill 

jC ^ic. j i Cal ill ACa Jc-liill l_ fllliV Ajjlill 4 jc.Ua 1I Ca^lc-ladl! ^ L^LaJl 

. L-ia^ill jjll C5^ (^^LaaII jl^-^kil ^jlan j)l (j£aj tAjLaui 



iujll Jt ajjls ajLaaLII aLuta.VI t _ s ij jL oLa .\uVill i—kjUaj i jD-V'n 
J& oJ ja. ja\) Fc Ci)H jq'nna JJJJ jl CliLaxsLall ijxij V' l, 1 >J Lg-jl JJC- JlablaaalL 
J ClLyLuiLaij (Jj.l*j (JLLi. j^ i.o'sll oLa (JlLa tjjqVi jSLaJ .I. nyin<ll LLli. 
. Aj J^> a]! AajUa ^3 AAauLa. j AaiS J l^ju AS j^jat^a jL^auJil tnijl -dAii]! (JaLLall 
jl Cilia. tAjjj.aj-sll dlljjjaJI «.Uj ^jj cdAj-s.nl jlmVI aCA Jfr A^Ujal a jItv^s j 
jldu CljLua. £»a l^a-aj jSJJ aA-danll Jota.'AI j-a Fc Jalda] ^jLoij ^Jl LA/LaAl 

jl£lA (Ja.1 j-a (jjLuadlVI dAjjja. jl jj£ jin all CiLLsluia j-a dllc-Uaki 
jldauJI pirn's II j- « a j.jjr.'l^.H AiLaiail (Jl.jn Al l^jl £-aj . AiC-li-all l ” '1 . AilVI 

FC Aaiaia Lai .Jaijl^}]l i _ s -lC' Ll&_jj li^)3ij (j^J^ dllfrUakll oLa (jl V] 

.(J_jial ^aC- i La^aj Laiajlj I.J,.Wi<a ljjl£j f.(jjaJI ^J-a^l j^ajliS 

^3 ^ ^kll ^3 A 3 jjo^oll f Lo^yi Cl^Vl^jaij (j^^J toj\x-'l J jd£. 

-Ij-lxll llWlj (_^ill J.lc. Aj^)J^)jjJ! L-J^jIajII tlA^Jj)]^*^ (j^jt.Ax.UXtll (j-^j^l 

(j-c (J^I^aII ^^3 a jl aJoaII ^aLui^yi (jA tilliA tillil . CjI jpjoill (jA 

^1 Cal ^Jjui ^ i **'{“•-. . \_aj^j *4_lcAc, jl£al AajIs j^a (»jJI ajjjjjoJI i_jjLajll 

I (j-a I . .n» ^ jl (_Jj 3 dll _yl>.a]l j-a -ll.}*JI tilliA jj^j i a l j . ^^1 
.AjjjjjJI i_jjL=Ji]l j ya ^Uill Jl IJjJa jn-soll J Cth'jl 
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Kontermann, R. and S. Dubel (eds.), Antibody Engineering. Berlin: 
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L-ll^ei^ua^Jl Cj i_c3 



2-Propanol 

2- oxoglutarate 
2,3 butanediol 

4-Butyrobetaine 

4- nitrophenyl-a-acetyllactosamine 

5- Hydroxypyrazinecarboxylic acid 

5- cyanovaleramide 

6- aminopenicillanic acid 
3’ Exonuclease 

2.3- enoyl-Co A hydratase 

3- hydroxyacyl-Co A dehydrogenase 

3- Phosphoglycerate kinase 
P-carotene 
a-mating factor 
5-member nucleus 

2.3- dideoxynucleotide 

2-Deoxynucleotides 

Abacavir 

Glyceraldehyde 3 phosphate 



—2 

Oj J! j\Sjj£j\-2 

Jj-LjIj 3 1 2 
<ji 

^ V I j j — 4 

(ji-3'vri ~ 5 

I jJli ’5 

3’ ( Jp j-JiS’ jJ jjS’l 
A. _ (J I 3 1 2 

J-? — AjjA’ L s ‘ _ 3 2 /htjjA-* Jjjll (WjJI 

A ^ J_A 



aaL^-I A^Ls** < 






^ »— *3 f 1 -— ^ 1 , * ^ 3 t) ^ ^ ^ ■ * Ln * 

»-Xj Ij i y ^ ^ ^ 1 3 3^ 2 1 

(j ^Jp 4_v? jj£-a JjLj ^J_S" 

jUl 

1 

«AjLj— w\Jl I Lii ^ ^3 3 
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Target DNA 

Passenger DNA 

Recombinant DNA 

cDNA (Complementary DNA) 

N-acetyl glucosamine 

n-alcane liquid 

Real time PCR (RT-PCR) 

Ribosomal RNA 

RNAi 

Messenger RNA (m-RNA) 

S-2 Chloropropionic acid 

V H 

V L 

a-amylases 

Fluid granulation towers 

Spores 

Apovaricin 

Mumps 

Sense 

Oxygenation 

Automation of DNA Sequencing 
Ethylene glycol 
Agrobacterium tumfacien 
Occlusion bodies 
Monoclonal antibody 
Inclusion bodies 
Humanised antibodies 
Fluid mechanical stress 
Single-stranded 



DNA Jl 
tj j] DNA 

* j DNA 

DNA 

_ n 

JLiU oi jJL. PCR Jl 
RNA 
Jj-jcdl RNAJI 
<J RNA. 
S-2 

(a1_JjJ| aJJ^JI {jA 0 ^Jcdl AaIaJ.' ^lla3 ) V H 
( AAolX- 1 aLwX*J I 0 I AA jaul I ) V L 

}%*\ a 

JjI s ^1 jj) 

jjI 

ol^-l 

DNA Jl aL^L- aJ^p aJI 



J j£~\S ^jJJI 
ojjil v-y-Sh 

aLwJI 0 <bL2&il ^»L~Af-'yi 
aXv^j y>- jl ^ b~>-l 

<blv2 >A J*j>-I 
JjI j~Jl A^^ol^vO A^*lj obL^-l 

aL.xX-1 ^UJ 
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Monosaccharide 
Haploid 
Global worming 
Lattice entrapment 
Probability 
Vortexing 
Amino acids 
Aliphatic amino acids 
Fatty acids 

polyunsaturated fatty acids 
Organic acids 
Nucleic acids 

Continuously stirred tanks 
Protein-DNA binding assays 
Clinical trials 

Enzyme assay or immunodetection 
Reduction 

Free-energy reduction 
Binding groove 
Genethics 
Oxo-functonality 

Federal Drug administration (FDA) 

Adrenodoxin 

Adsorption 

Adenine 

Adiponitrile 

cAMP 

Adenosine monophosphate 
ATP 

Adenosine diphosphate 



jLSLJl 

JL^I 



4 j Ls^l 

Ajjjj 
I 0 y*Z**~j> 



DNA Jl ^ LLjl ol jL^I 



AiUaJl y>- 
Jaj jJ! 

Aolj jJl oLi^-l 

OXO jJI 

Sjb! 









05° 



vJIjIjLsX jjiJl 

jJL II ^;^\j 
sJl^La-wo jJl Jl 
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Arabinanases 

Arabinose 

Linkage 

Gene linkage 

n-glcosylation 

O-glycosylation 

Linear correlation 

Recircularisation 

Arginine 

Archaea 

Fibroblast 

Erythropoietin 

Erythromycin 

Arenes 

Deacetylated 

Dimorphism 

Base pairs 

Azoles 

Azethromycine 
Builders of detergents 
Asparagine 
Aspartate 
Asparaginase 

Site-specific integration/excision 

Acetate 

Istaxanthin 

Cell retention 

Transponation 

Secondary immune response 

Immune response 



jbLdjl 

j 

JsLjh'l 

jJr\ 

OjjS/l -kC'j' 

JsU jl 

<Jj\* jAi J! 

L Sj\ 

<uLUl G JJ*)1 1 

jijM' 

AP aJIj! 

«XpI y & Jl ^l^jl 
JjjVl 

jLw»i I 
olJ jlw-i 



•5-A^- yO ^ JL^I^I 

oli^l 



^Col jL~- I 

i 

Ajjjlill ApLil AjL>eJL*»I 

a^pLIi 4_)L>c)u*< s yi 
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Light detection 
Saccharification 

Fatty acyl-CoA esters 
Esterase 

Inter-esterification 

Recovery 

Green replacements 

RSCU = synonymous codon usage 

Relative 

Applications 

Polarity 

Excision 

Sustainability 

Immunogenicity 

Multicellular organism cloning 

Acetyl coenzyme A 

Breeding 

Basic biotechnology 

Gene silencing 

Lithium acetate 

Acetaldehyde 

Acetamide 

Acetone 

Acetoine 

Expressed Sequence tag= EST 
Translation signal 
N-terminal Signal peptide 
Signal peptide 
Derived 



J j -£— — El 



s- j^aJl 

Jl 

o-Lixll CIjI I 
, 1 1 ^j\ I yc .»i | 

ji 

Ml 

<t\ I 

U o jJlS> JUai ^.1 

c 

■' l lo 

(J ]g I 

Ajj I 

I 

s^jocdl obisai 

jSG-MI 
Aj^i-I AjUlII 

Jj I 

ij I 



0j1a 1I J^^UI ojLil 
A^- _^II *Jb o jLil 
N^> Jp ~LsE~J 0 jLjj I 

Aj J_EE_o o jLJj I 

| c I 
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bands 


jS>\ 


Food irradiation 


*1 jjJl j\ 


X-ray 


'y i 


Colloidal 


4_J J j£- j\ jf- (J ISw | 


Dyes 


“IW 1 1 


Amino acid sequence alignment 


‘Cwo'bM J-JuJ oliLaia-v^l 


Artificially 




Flydroxylate 




Reading frame 


op- 1 ji] 1 


Open reading frame (ORF) 


op-1 j3 jQp! 


Extension 


o aJU?! 


Terminal nucleotide sequence 


4j wAj Ij y^S y*J s d 1 j!b \ 


Overhangs 


4jolj Jh\ 


Cohesive ends = Cos Site 


COS £3 y^j iLli <CjIj jb\ 


Reoxidation 


oJLwi’l Oilpl 


Arbitrary 


>1^1 


Set-up 


ilapj 


Agar 


jUNI 


Fouling flims 


_ydl 


Reactor-adapted membranes 


J^UJ.1 i<diE« iJLc-l 


Aflatoxin 




Avoparicin 


jLj ai 1 


Ephedrine 




Conjugation 


jl _yal 


Suboptimal 


dhll Jil 


Acrylates 


obb/SlI 


Acrylamide 


-\jLo-L) ^5*1 


Expendase 


j I _C— _w,5" I 


Exon 




Aconitase 


JAj 5 ’ 1 



1078 



Albumin 

Thermocycler 

Translocon 

Annealing 

Improper folding 

Pneumonia 

Hepatitis B 

Rheumatoid arthritis 

Reckettisial infections 

Calcium alginate 

Original single-site affinity 

Affinity 

Long chain alkanes 
Alkylation 
Tropan alkaloids 
Terminal alkenes 
Allele 

Patho mechanisms 
Hollow fiber 

Evolutionary mechanisms 
Absorbance 
Circular dichroism 
Optimize 

Infectious diseases 
Antisera 

Polyclonal antisera 

Amphotericin 

Amoxicillin 

Ammonium 

Amide 



pcrji c 
juii a' 

jJz- 

( Sj 

As>-\j ^3 y* iaj jJJ AaIV 

i iaJ 

aIj jJp aL^L^aj jilsll 

ilSdS! 

I ^-LSvJ 

<Li ^JaJl oluSvJV 

jjJaj 

as ^U'y 

jjk^\ y\yj Cl 
L yj n ai\ UaiaN 
jjS ^y^ 

AJi^> 

Aj-uil 

(JlvS2_« 

aJ»s*ajJI o^Lvio (JL/2 -o 

1 y^ ^ 

fj^y* 

J^o^l 
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Amidase 


jljoVl 


Amikacin 




Molar growth yield 


^ ^1 1 1 ^bo 1 


Stoichiometric production 




Productivity 


u^-bo^[ I 


Volumetric productivity 




Volumetric productivity 


4^j>-bo^M 


Interferon 




Consensus interferon 




Interleukin (IL) 


ifS _jJ jxi\ 


Intron 




DNA Cloning 


DNA Jl jUil 


Gene cloning 




Shotgun cloning 


JilkJl 


Expression cloning 


4j 4j j\S & ^-b*Uo! 


In-vitro cloning 


j\ ^9 ^LUol 


Passive diffusion 




Natural selection 


p-lio'yi 


Stereoselectivity 


‘UP 1 ji 4-olio 1 


Regioselectivity 


U_*i ya ioliol 


Oxygen transfer 


J*)l 1 Jliol 


Metastasis 


4,03 jj oH bio 1 


Anthocyanins 


U^lUoL-o 


X-ray diffraction 


4U^-«Jl o_9l y>*J\ 


Linear regression 




Solubility 




Androstenedione 




Coalescing 




Combination 


^l^l t 


Cell fusion 
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Restriction enzyme-mediated 
integration (REMI) 


djLojjjL) ^loJUl 


Protein fusion 


j y oL>-Lo-lJl 


Endoglucanase 


j*jlS" jK jJbl 


Restriction endonucleases 


jUJ yjjS Jl 


Frame shift 


0 J jjjJl jlisl ^3 ^L>jjl 


Orotidine-5’ phosphate 


5 ’ j-iA-OJj' Cr“ p-dj-”' 


decarboxylase 


oLL- ji 


Histidinol dehydrogenase 


J illjj ~jjjl 


Acetamidase 


| I 


Pyruvate carboxylase 


oli y Jl |*jjJ 


Integrase (Int) 


y\ yCj\ j\ £loJu)/l ^jjl 


Taq polymerase 


Jlj 0 ^aJJl yiy\ 


Chymosin 


jr~>sJl yiy \ 


Aldolase 


yNjjji 


Specific aldolase 


ijjt jj jjJl 


Alkaline phospatase 


^JJl jIjUx ^JJl 


Pyruvate dehaydrogenase 


calij viMl a* 


Amylases 


p-LijJJ jJ-J yiy*^ 


Glucose-6-phsphate isomerase 


oIjLx ji-6 j jS j-L*Jl jl j+jajy\ yiy\ 


Triose phosphate isomerase 


jy\ ^Jl C->U»» j3 jl j+jojy\ yiy\ 


RNA dependent-DNA polymerase 


RNA Jl l yo s Jli ^J.p DNA 5 ^^Jj ,*jjJ 


RNA polymerase 


RNA Jl jl j^>J y <. RNA 0 j-oJj p-jj-»l 


DNA polymerase 


DNA Jl jl y y\ 


DNA taq polymerase 


Jl; DNA Jl jl^^j y yiy\ 


Adenylate cyclase 


jJi&Lx cJx^l j\ vl^j^-J^oVl ^_>jJ 


Pyruvate-formate lyase 


olo J y — olijjjLil ^JJ^- yty\ 


Galactosidase 


jjljlw ySV6- (3 = j j^flSJl ^jJ 


Luciferase 


j' oiyh^J^ 


Fatty acyl-CoA Synthase 


A jS .J^s-xl *,<?’> yiy\ 
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ATP synthase 


ATP Ji 


Citrate Synthase 


cc-> y * JI 


Formyl- tetrahydrofolate synthase 




Topoisomerase 


ji'yjty.y 


Carboxykinase 

phosphoenolpyruvate 


y jA j jAj J^CiI jAm* j3 3 o y^+3 1 


Acetate kinase 


C!-o 0 ^A^**3 y 1 


Acetyl kinase 




Pyruvate kinase 


o y^~3 y\ 


Protein kinase 


3^ o~. : Jy. 


Butyrate kinase 


Co y> yj o y^3 ^j^ol 


Phospho Fructokinase 


J yS yA\ 0 ^jJj! 


Phosphoglycerol kinase 


J^j y*~\s* ySL^ y 0 yL*~3 


Phosphofructokinase 


yS y yL^*> y l j yS y yA^ y 0 yL***3 y\ 


Succinate thiokinase 


CClC^-sJwJJ <ACj yS o yL*~3 


Phosphoenolpyruvate carboxykinase 


y y^ 1 y^ jjJl y jA o yL~+3 ^jJjI 


Nucleotide diphosphate kinase 


vCoLLs^f jJl Jl ^oU -XjIj y AS yj 0 yL*~3 ^-j^jI 


Phosphoglycero mutase 


^*>lj yj» j y~~As- y^> y 


Phosphatase 


dA y}\ (aJ(jI) ^Az 3 y~y\ 


Alkaline Phosphatase 


j_iJ! (_£ jJ_3 

jloLivu aj 


Ligase 


jl*_J t DNA Jl (J^-ygl 


Fatty acyl-CoA Oxidase 


.A. ^S" <** 1 i-C»*S" 1 


Alkaline protease 


jl li-^d ypjy. (HtP' 


Isocitrate lyase 


Cj y*S\ A_sCj ^Jj^- 1 


Protease/proteolytic enzyme 




Phosphogluconate dehydaratase 


C->L5" jA5 yA^i ^jJl yA frill I^iy ^J-’l 


Glyceraldehyde 3-phosphate 


-loL^jJl yy~As* y£> yy^jjXi\y r A\ J ~iy» yiy\ 


dehydrogenase 


vCoL<L-»< ^-Jl 


Phosphogluconate dehydrogenase 


jS jA& yi*^ y yA ^y yy\ 
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Phosphoenol pyruvate dehydratase 
Glucose -6- phosphate 
dehydrogenase 

Formate dehydrogenase 
Oxogluconate dehydrogenase 
Fatty acyl-CoA dehydrogenase 
Succinate dehydrogenase 
Malate dehydrogenase 
Isocitrate dehydrogenase 
Malate Synthase 
Endonucleases 
Oxygenases 
Acylating enzymes 
Modification enzymes 
Restriction enzyme 
Cephalosporinase 
Exopeptidase 
Endopeptidase 
-lactamase 

Mono or dioxygenases 
Autocatalytic enzymes 
Nucleases 
Carbohydrase 
Foldases 

Cross-linked enzymes (CLEs) 
Cross-linked spray-dried enzymes 
(CSDEs) 

Draw back 
Plug flow 
Folding 



djl bj J,\j <J jjijl yt e-LttJJ J jja 



j-Lofc 

try <j* OyjjAr* J^y yy' 



o-JLa 






(jLAb A-Ji>-b 

aX«>i V I Loj jj I 

^■yg.^-1 j\ iOLojJjI 

j lX> j ^ L<2-w*-*J I O' I 

A^>- jL>- jl JXXo iOLojJjI 

( jlXX~j jJb}) A*l>-b jlJXXo oLojJjI 

jlabSA/ Lo oUjjjl 

yo yJy jl oy j oLkjjjl 

LJb & 

JjLIS' ^y^5>xJJ aLI^- 

yl jlS" aJJ^- iOLojJjI 

c-sIaiI^V] o j_p L~v_o oLojJjI 
aS" iOLojJjI 

XO ylL) Aj2j15^ AS" oLojJjI 



/yLa i 

k_3LxJl — f-\ Jajl 
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Baculovirus expression vector system 
(BEVS) 

Dissociation 

Segregated 

Dialysis 

Meiosis 

Binary fission 

Mitotic division 

Cell shrinking 

Breaking self-tolerance 

Microtubulin 

Ellipse 

Operon 

Augmantin 

Ofloxacin butyl ester 

Oxazolidinones 

Oxa cephams 

Oxalate 

Oxaloacetate 

Oxytetracyclin 

Auxins 

Oxidase 

Initial 

Primer oligonucleotides 

Ethanol 

Ethane g 

Crown ethers 

Gram-positive 

Isooctane 

Isomerase 



dilj-J 4-oJajl 



(.L Jfi 

J&b j' 
jlJJl 

(_£ i. 

Lw~S" 

jSj'l 
o Lo I jS j 'y 

Oj'y Ij5j 

I jzj jS j 

jl j 
l*-* 1 '-"' tjj 

JulJ j-JS j-j jjdj 

j ^ 

JJLS-SM jjjy 

A I A-J 

Obsl. j>Sf 
j^rjy. 
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Secondary metabolism 


^Sll 


Endogenous metabolism 




Sugar over-flow metabolism 


ijl> jJ^-\ is y&\ j| 


Anaerobic metabolism 


j\ 


Propodium iodide 




Ion 


jjjl 


sulphide ion 




Sulphate ion 




Papain 




Nested primers 


Jpli; 


Pro insulin 


4j.iL> 


Yield exclusive maintenance 




Bacitracin 


Owl o^-Ul 


Palindromic 


LLj I^JL> = dL* JjJjJL 

0'-^-^"l daj jhl 1 


Pyrophosphate PPi 




Pyrimidine 


jjlj 


Biotin 




Linear polypeptide 


4-vl? :>• ol-X*lo 


Basic research 


^uSh ^^JuJi o^ji 


Top-spray 


aj jls' oL>-L>tj 


Software 


<Uj ^« l _^l 


Strain improvement programs 


aJoL^JI 0 w *^‘ ^°l ^ 


Warping software 




Fluid dynamic modeling 


4JjL*j *uSwsllO Ap-_Lo_i £cjj! 


Computer soft ware 




Propanol 




Propanediol 




Propane g 


cs.^.jy. 


Propionate 


y-Jj y 
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Propionic 




Globular protein 




Protoplast 




Protocol 




Channel protein 


jyjy 


Catabolite receptor protein-CRP 


1 y~>j y 


Green fluorescent protein 


J >-\ t OJ jJuJl 

J 1 j' - y 


Carrier protein 


i y^jy 


Crystal protein 




Catabolite activator protein-CAP 


y yjjy 


PutativeProtein 


LtfJji 


Lipoproteins 


ajj&jJ! obJ j j* J! 


Regulatory protein 


j oL-Jj jj 


Adaptive proteins 




High value proteins 


*lJlp y 


Glycol proteins 


oLo j y 


Chaperones 


4JL9 1 jA oLj J jj 


Fusion proteins 


4 ^-JJwO 0L0 j jj 


Nucleoprotein complexes 


AjJjj Jjyjy 


Proteome 


Olio J y ~P J-o J 


Prochem 




Proline 




Prions 




Proportional 




Hyperbolic 




Finger print 


4^v2j 


Northern blotting 


ij yjy **-w2j 


Energy dissipation 


aSILJI 0 


Agrobacterium 


L) j&\ c Oj-Alll ^up^>-I L> jZ&j 
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Enterobacteria 




Lactic acid bacteria 


L> 1 


Propionibacterium 


(_i 


Eubacteria 


Ij yZ^J 


Obligate bacterial parasites 


o y£- Ij yZ&j 


Sulphate reducing bacteria 


IjlLw_U aJ Ij j-sSL) 


Methanogenic bacteria 


jliuJJ sjJ jjs Ij ysSL> 


Bacteriocins 


y^J 1 


Pectinases 




Bulk 




Plasma 


UjOb 


Plasmid 


XwO j^\j 


Conjugative plasmid 


01 jOVj 


Mega-plasmids 




Mobilisable plasmids 


a£' , j£- 


Cross-linked enzyme crystals- 
CLECs- 


aS" ySZa ^jJjI cJIjIj ^Jj 


Mediated 


aO»^»P ^j3 ZS' L**«j 


Biosynthesis 


(_£ yJ*-\ j\ ^.yglll j\ f-LOl 


Bentonite 




Benzene 


Oijri 


Penicillin acylases 




Microtubular structure 


a_jVi vJI 


Tertiary structure 


fc)li!l vJl 


Fusion construct 


4^-LoJjI AJj 


Secondary structures 


Aj jjIj AJj 


Penicillium chrysogenum 




Porphyrins 


oijtZjy. 


Spore 


A £■ y} 1 


Polyethylene glycol (PEG) 
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Polyacrylate 

Polyphenols 

Poly-butyrate 

Polyurethane 

Polyenes 

Microenvronment 
Peptidoglycan 
Cyclic peptides 
Glycopep tides 
Beta-galactosidase 

Pyranoses 

Pyrovate 

Peroxidases 

Hydrogen peroxide 

Peroxidase/ Catalase 

Peroxisome 

Picoline 

penam 

Benomy 

Penicillins 

Butanol 

Butanediol 

Butyryl-CoA 

Butyrate 

Purines 

Glycobiology 

Steric effect 

Tartrate 

Recombination 



J^!l SjSS' t aJl 

^ yy?. dy. 

oh. jy, Jj-i 



iiJjJl I 

o I 

Aj ^SCo dol-U^oo 
J I —L. J Co 



f 



CSN-Co 



jyy ?; 



ouli 



'Jyi 



j.l j ^o 

yj lots' j y 1 -CooaSj^o 









oLL^ 
A Jiyyt 

C*J 



L^»- jJ 

<LpI y aJ I j J5wJl ol 

0>l jJ J Ij 



1088 



Si jii I jyijll ^-iUl 



Meiotic recombination 

Double cross-over recombination for 

allele replacement recombination 

Genetic recombination 

Natural recombination 

Homologous recombination 

Double cross-over recombination 

Single cross-over recombination 

Tagging 

Biodegradable 

Tyrosine 

Ionization 

Reciprocal 

Gibbs energy dissipation 
Site-specific transposition 
Staining 
Sporulation 

Mutant complementation 

Switch to 

Chromogenic 

Heterotrophic 

Feedback inhibition 

Carbon catabolite repression 

Catabolite repression 



'■7 

jl JSUii! j\ t. 

(7J* y 0 1 

^ y-* ^ jl * 



JCJI 
J,hll 
ib 






till 



iti 
J,L- 

y~~pr -Up SjUaJl jAJ 
^_jll y JjUcJI 
<y,jk 

d^l jA JfiJl p\Sj 

4 j j_Lo Sill (J 



0 oL 5 " 









^jUJI ^ h.-Cd.l ' JL^Jl 

oLU 



Catabolic repression 
Empirical 

Deep vein thrombosis 

Stimulons 

Regulons 



U_o-P ig.-.-.Z.) 

‘Gpj yf- 

^UPj'yi ^3 a-\J| 
d->lj j 

.il d*>E ^-o_d 
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Gene fusion 

Substrate concentration gradient 

Metabolic fingerprinting 

Food allergies 

Incubate 

Lysis 

Proteolysis 
Elemental analysis 
Analysis of the proteome 
Glycolysis 
Regime analysis 
In silico analysis 
In-silico analysis 
Hydrolysis 

Multi-variant analysis 

Self-tolerance 

Tern over 

Conversion 

Shift 

Biolistic transformation 
Transformation 
Integrative transformations 
Cell transformation 
Fungal transformation 
Oxidative conversion 
Biotransformation 
Transformation genetic 
Pentose phosphate shunt 
Hexose monophosphate shunt 



JjSii ^s^ii jSj lP 

‘Wsds')!! jl ^ I 

JjSlI JsUiJl 
J5) ^yZ J jJ\ 

^ — jyS y\x]\ 

y \ yj 

jl A«jLo ^ ol jJl Ala^l yj 

aJI ol jJci\ 

(Jjl-jJl I 

J y£- 
<J y^- 

Sy£- 

^■g-yg^JL) jjy>eZ Jl 
oL jJajjJl 

Li jg-ti] I 

cijr*- 

t/b.> 

j y-~~SL^\ a\j y£ 
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Clearance 

Fermentation 

Leavening 

Parameter estimation 
Interferences 

Genome management and analysis 

Gradient 

pH gradient 

electrical gradient 

Crawn gall 

Flux 

Metabolic Flux 

Outflow 

Inflow 

Glycolytic flux 

Diazotization 

Master cell bank hierarchy 

Accumulation 

Transketolase 

Glycosyl transferase 

Transcriptome 

Turbidostat 

Diterpenes 

Translation 

Frequency of transcription initiation 

High frequency = Hfr 

Immunoprecipitation 

Ultra filtration 

Filtration 



) 

aLJ^-j ^ j^l-l y jJj 

‘W? A^-j^ ^3 

JiJcJl 

I 

(_£ A^-jl 

^13 

^ yJ ^^-vsO I y 

jJz} I 

oLj I 



Aj?* y 
^ 

Jlp 22 y 



jli 0 



c Jjjld y 

'■(^y 
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Standard composition 

Anabolism 

Concentration 

Titers 

Synteny 

Gravitational acceleration 

Western blot 

Signal sequence 

Pro-sequence 

Genome sequence 

Complement cascade 

Upstream activation sequence (UAS) 

Upstream repression sequence (URS) 

Normalize 

Cross-linking 

Forward angle light scatter (FALS) 

Right angle light scatter (RALS) 

Cleavage 

Fragmentation 

Formation 

Isomerization 

Clarification 

Alignment 

Solidification 

Enantiomers resolution 

Directed or hybrid biosynthesis 

Microfabrication 

Autoradiography 

Video/Photomicroscopy 

Formulation 






(S J 

f-Ulj Iw—sS" 

J-LrJI 

) AjL jIsj v 1 Jl 

JjSM 

j_lji 

L-^-l I 

^-9 jl' 

jll JpI ^9 la*!* 

Aj 

>«iij Lsto 

A^oLol Ajjljj f- OJLJ -j 
A^jlS AjjI^j f- OJLJo 

v flj J--io c ( ^Ig^i 



* 1 ) 

I APjLvall CaLS" jA *.^gj 

jl Aj>- jll 

^*9 .Ail ( ^ ^ ^ ^xl. I * I 

JIJJI L*»j2 I 1 

iJIa! >cJLwi.' c 
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Replication 


AApUail — Lg,; 


Multiplicity of infection 




Autonomous replication 


V fl-pl.yg.lll 


Amplification 


3Ap jZ&Z j\ Aflpl_yg>S 


Site direct mutagenesis 


£-3 jll ^3 4j>- jll 1 


Insertional Inactivation 


^3 DNA j-wflJg-i) 1 


Somatic mutation 




Point mutation 




Clinical development 




Chain elongation 




Primer extension analysis 




Differential Interference Contrast 


jjLJI JP-dl 


Phase contrast 


j jJaJl 


Expression 




Gene expression 


j— jcJI 


Localized expression 




Anchorage dependent 


cs-y A-V J* 


Transfection 


dJudl 


Poly unsaturated 


1 ^ap ^ j_*j 


Polyploidy 




Genetic modification 


tJbjM 


Post-transcriptional modifications 


J-*j U 0%Jaj 


T-cell antigen-specific recognition 


^,3 » Av2lw*J.L) ^P JJ C_3 J*j 


Half-inactivation 




Deactivation 




Sepsis 


(.jJl l y*; 


Model’s complexity 


^oAI! A_JL*j 


Fed-batch feeding 


^Jp AjAilll 


In vitro packaging 


^3 -5 v-_3^\Ju <^_fl-J-*j 
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Microencapsulation 
Hyper-variability 
Redox half reaction 
Forward reaction 
PCR 

Backward reaction 
Ag-Ab interaction 
Bayer-Villiger reaction 
Anaphylactic shock 
Redox 
P-oxidation 

Oxidative phosphorylation 

Substrate-level phosphorylation 

Photolithography 

Assembly reaction 

Fuelling reaction 

Immunodiffusion reactions 

Functional cross-reactions 

Intercept 

Cross-Over 

Site-specific cross-over 

Biotechnology 

Glycobiotechnology 

DNA array technology 

Minimizing the sum of squared errors 

Enrichment techniques 

Electrofusion techniques 

High throughput technologies 

Two-site ELISA 

Directed evolution technology 



ojJyAl j! o-L-AS/I 

^USlI JpltJl 

hcC 1 

. \ . j iUill 

Bayer-Villiger ,y> JpU; 
iU- JpUj 

<. oJ_w5l j o^^IpLaj 

lio 0 I o>*}Vp Laj 



0 SJUmS' 2 I o^IpUj 
aJ jVI jll ^ <Jp 5 0*>UUj 

jLtjj'y I ‘Uiij o^IpLoj 
4_uLJs5j 0 *>\pUj 



J _^p" I 

0 ^Jil yo V JL/2J jl 

Aj^s 4-I AjliJl 
A^-^Svj^*Jl Ajj^ 4-I AjliJ! 
DNA. Jl A3 y Lv2>5 AjL^j 
UaiM ^->3 

1 oLii) 



*Lo Lj j_^5sj I ^L® .Aj ^ i i«l3 LjjJj 

jJUJl jijJl 0I3 oL^j 
<^\x3 jll ota ELISA a^iaj 

Aj>-ji,| Jjjglll a^jJL 
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Genomic 


AJj2j 


Flow cytometry 


(_£ j\s M <. 1 AjJlj 


Immobilization 


AS" jJ*- 1 


Protein aggregation 




Aggregation 




Cross-linked enzyme aggregates- 
CLEAs- 


as 


Acylion condensation 




Catabolism 




Complementation 


j\ 


Genetic complementation 


^1 fhdl j\ iLSell 


Complementation of defect in the 
cloning host 


LitAi*- ^ i aL^Svj 


Genetic manipulation 


^jjll ‘sM 1 


Micromanipulation 


v 


Flocculation 


JLvJj 


Inoculation 




Telithromycine 




Cell-to-cell contact 




Differentiation 


^/3-yg.p-E^J 1 JjUJI 


Cell elongation 




Modeling exercise 




Gene disruption 


Jty 


Immunisation 


Cr i 


Xenoimmunisation 




Alloimmunisation 




Osmolarity 




Transduction 


1 


Cloning 


aJ jK & c 


Permeabilization 


A>c_vplj jl oJjlLo 
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Endogenous respiration 

Bioprospecting 

Necrosis 

Cardiac muscle necrosis 

Biodiversity 

Sinusities 

Japanese encephalitis 
Bronchitis 
ST Louis 
Hybridisation 
DNA hybridization 
Plant breeding 
Mass balances 

Balance of degree of reduction 

Wine stabilization 

Mass Balances for ideal bioreactors 

Tension 

Dissolved oxygen tension 
Surface tension 
Radial flow rushton turbines 
Rushton disc turbines 
Upward-pumping axial flow turbine 

Trans-esterification 

Optimazation 

Special combination 

Tetracyclines 

Monoterpenes 

Triterpenes 

Terpenoids 



Ji-ljJI I 

t . . 5 *. - 1 1 

twJmJl j ^Zj 

J*J^-\ 1 1 I 

jLU! ^UjJ! 

O L.ygi.1 1 V 1 

^j^jj] 

DNA. Jl 
^JlSvJl jjljJ 

ojl JJ 

-LvjJi ?\ ji Oji 

jidi ^jJ-i jpUii j j^sai oUjiy 

i 

»lAil j\ Jj J 

jj j^Jl 

^pLa-Ji iOI^-jjjj 

dj^S>jj J oL-ojjj 
j- ji.1 (_£jj_5*xll t. >L^vo'yi > 1 3 4J ~~>J JJ 

>' J! 

j j 

Jwis'yi j-*Jlj k — ^ jlaJl y 

<W?l j>- AJi J jj 

v_< ! I I 

ioU-Vl oL^I 

olLo jSj\ 

jZj j+J 
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Tyrocidins 

Tylosin 

Constant 

Dissociation constant 

Temperature-stable 

Km 

Dielectric constant 

Normal chemical rate constant 

Thymine 

Thioester 

Thermostability 

Thrombin 

Threonine 

Electroporation 

Triacylglycerols 

Lysyl residues 

Residues 

Diisocyanates 

Dimer 

Bicyclic 

Bisacrylates 

Diploid 

Dimethyl sulfoxide 
Cell wall 
strand 

Antiparallel strand 
Conserved strand 
Aquaphilicity 
Hairy roots 



1 &LL I 

Oo lj 

A ' ooli 



hjl d-o f 



a. a./?'. Jl 






Lj j 1 J- L. - 



j Vl A-JUi AP^~- CUjLj 
f-L) c-oIj 

Cj Ij 

tj 



L* 



l: 




AiLU j 

Aju. ygJl ^b: 
jAJ! j^jbj 

jl-br 
Jaj c aJj Jj>- 
(_£jl coLaL! A_Lj»xJ«- 1 

a!s> 4_<»j Jjj aJj Jj>- 

*lll ^Jb- 

Aj jJuZJ I jj -Lb- 1 
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Graphite 


oAsI y LI 


Outlet flow 




Supernatant 




Fc region 


JJh LJJ JjUJI 


cell fraction 


1- y>- 


Circular DNA molecule 


~ (J J>\ * DNA 


tRNA 


JiUI RNAJI 


Single-chain precursor 




Ligand 


Jajlj t y>-\ ^ 


Macromolecules 


o S 


Callus 




Antibody 


■^Lygll 


Antibody isotype 


JJUdl iUil r J r ! 


Golgi body 




Particle 




Transducing particles 


£r^r~^ 


Viral particles 


<U oU^> 


Reinforced core particles 


ol jjLo oLw> 


Anthrax 


4jLJ>-l o 


Translocase 


j\S y jl y)ll Jljj- 


Capillary 


c Sy^ J^r 


Fluorimeter 


G jiiil jLg-=r 


Guanine 




Core 




Gelatin 




Gellan 


0^1 


Operator gene 




Gene 


J-* j' 0^ 


Structural gene 




Pseudogene 


(jv>- 
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Reporter gene 

synthetic gene 

Selectable Marker gene 

Reporter genes 

Mobilization genes 

Regulatory genes 

Acid genes 

base genes 

Anti sense gene 

Virulence genes (Vir genes) 

Antibiotic-resistance marker genes 

Genome 

Bio-geochemical 

Respiratory quotient = RQ 

Native state 

Chemostat 

Hyphal 

Lysogenic cycle 

Hydrophibcity 

Beads 

Sepabeads 

Granularity 

Pumice stone 

Compartmentalization 

Organelles 

Bacteriostatic 

Double index 

Kinetics 

Pharmacokinetics 
Product formation kinetics 



jrf- ui=r 

olu>- 
tJ-L) I oL> 

^3 olu>- 
oL> 

^Lygll A^-sxl J 

^3 A_ol j jJl oLo — ^ 

e- 

jjjjJl AvaL>- 
A_^*_*J^ A^Lv^I aLv^U- 

^u_sdi ji^Ni iJu- 

i? aJU- 

A XJLLo aJLL>- j\ oL-x aJL>- 
*111 

aIj jS t ol j J >- 1 t j-r 5- 

Sepa oL> 



oUiU^>^ 
aIaI^J. 1 ol I 

cJlJ L- w^P j I vJl^l 

L) 

tl)L> y > j 0U^>- 
oLS ^>- 
A^j IjjJl oLS>l 

'J^LsS' y>- 
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Darwanian optimization algorithm 

Algorithms 

Ecologically sensitive 

Trichoplusa ni 

Hops 

Measles 

Biocatalyst 

Pulse naturtion 

Naturation 

Oscillating electric field 
Cell lysates 
Supercoiling 

Heterocyclic amine 
Modeling cycle 
Lytic cycle 

Pentose phosphate cycle 
Tricarboxylic acid cycle 
Cyclic diphosphoester 
L- Aspartic acid 
Amino-adipic acid 
Pyruvic acid 
Acetic acid 
Fumaric acid 
Clavolanic acid 
Lactic acid 
Malic acid 
Formic acid 
HC1 

Itaconic acid 



4 >■ 






iu/Lill jill is ji o 
jbjJI 

I 

j 

I ]&\j L>- 

A^L^'yi 

Aj jliM 

i Jl a_v2_*_j ^J_p DNA Jl ^JUjJIj aJj_L 

^juj'yi Ajjjij 

I ^|p l>xjLa 

Aj>-»L<»jJl aJLL>- 

aJ*>\->JI aJLL >- 
jjixJl oLL otApliJ aJLIo- 
^J^.Sjj^SJl aJLL>- 

^ Li ji Jajlj jj 

L- t^LojLw^'y I 

t^ljjLo jJl Jl 

crr^l 

JiJUl 

J^Jl 

*-LLj j£\zj\ 
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Propanoic acid 




Butyric acid 


i*Ll> jZ jj 


Succinic acid 




Unsaturated fatty acyl 




Saturated fatty acyl 




Gluconic acid 


viL jS 


Aden virus 




Epitopes 




Pharmacophores 


‘LoIj-LI! ^J-al y>- 


Protein carriers 




Microcarrier 


hM- 


Endosomal vesicales 


y>- 


Vacuole 


<Lygj y>- 


Lactating animals 


ouijj-i 


Dairy animals 


4j ^1^-1 1 ^^-1 


Transgenic animals 


Luljj OJ a^»ell Oljl j^i-l 


Monogastric animals 


aJ^s>-j oUl j-*>~ 


Extracellular 


lSj^- (Tj^- 


Extrachromosomal 




Exogenous 




Delayed release feature 


J>- 


Metabolic bottle neck 




Similium 


P-LaJjJI i» >Li»- 


Physical map 


JaSl >1 


Restriction maps 


Aj iajl J>- 


Transcriptional maps 


‘Uj>c_wsJ Jajl J>- 


Output 


c> 


Refraction properties 


C- J^-ygJ 1 jLXl 


Rheology 


AjL-*J| •^ a -*** 1 (jb 


Clonal cell line 


0 LJ Ja>- 
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Cell lines 
B-cells 

Macrophages 

T-cells 

Activated, CD4-positive, T-helper 
cells 

Primate neural 
Epithelia cells 

Antigen-presenting cells (APCs) 

Neutrophils 

Dendritic cells 

Transformant 

Mid-gut cells 

Myeloma 

Parental myeloma 

Permeabilised cells 

Embryonic stem cells 

Somatic cells 

Germ-line 

Prokaryotic 

Eukaryolic cells = eukaryotes 
Resting cells 

Baby hamster kidney cells 
Chinese hamster ovary cells 
Hybridoma cells 
Phagocytes 
DNA shuffling 
Daughter cell 
Parent cell 
Pre-mix 



Aj jlj>- -b 

CsUI LsU -1 

0j~5dl A^jJaJI LjVa>- 

iJldl IdU-I 



UGlI sa^Lil +CD4 CsbJI LhU-l 



A . ..j? «J| CJ I J jjl IDC- 

Ajjl^bll lDlb-1 
a CJ a^?jUJI OVA-I 
iiJUl ilaJl L^hJ-l 



0 r _, wl | 1 

cjVja-cJ. 1 iDNA Jl olh jJI ijyS I LsU-1 

a~«j jJl IDC- 

Aj jjVI A~fcU-cJI A^jjjJI 1 

off IDC- 

A^ca>- a^1> 

Aj-L~A^- jl Co-wAf" Ij^C" 

ojJLJl i aj*- C Aj jjlSb jl LtAj- 

dji si jj caia idc- 

A^Laa- a I jj C1jIj3 L)Vj*- 
Aa- I jj I j jia ^3 L) 

Jih JS L>3- 
0 ~yg.ll ji—Jil^Jl lAta- 

ACa>^A A^_JJJ L)t>tj- 

wJJl LsU-l 
a~ JaUdlj! DNA Jl Jab- 
oVI Cli-I 



VI CbLl 



f 

UjCas Jahj- 



1102 



Pentamer 

Scurvy 

Type I diabetes 

Filarial 

Gout 

Hemophilia 

Daptomycin 

Phy to alexins 

Input 

In vivo 

Intracellular 

Buffer 

High-shear impellers 

Low-shear impellers 

Impeller 

Function 

Dioxygenase 

Diols 

Dienes 

Pre-clinical studies 
Proteomic 
Metabolomics 
DNA Sequencing 
Higher-order aggregates 
Order 

Degree of reduction 
Entropy 
Homology 
Codon bias 

Carbon conversion coefficient 



e-b 

i ^ Jl e-b 

J^Ull hi 
e-b 

>1 lr J,\ J^b 
iSj^~ J^ 1 - 5 

j\ j_jjb 

JbJl obib 

J. I ob ol*j|jJl 

(o ^1*J.I) a*JJjI^J.I a^sIjJI 
AJb 

(jL^^^SjVl jlu^s j\ ^b 
JjhJjJI 
oLjIjJ! 

Aj^j j+jt lObJji 

v»i. Lb > ~ ^ jJl A_*Jj^ 
jJ jj\s~jo <. ^ jJ jjbull 

DNA Jl aL~U, _ DNA Jl JJLj iL-Ija 
o*>b5bJl ol>j: 

AJ j t 

Jl^S-'Vl A^>-ji 

UJJ — Aj>- 

AjLicJl 

0 ^ AjJl jLb>ol Aj>-j^ 
(jjj^SJl A->- 
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Well-defined 

Index 

Therapeutic index 
Peripheral blood 

Non-steroidal anti-inflamatory drug 

Pharmaceutical 

Spinner flask 

Spodoptera frujiperd 

Autographa californica 

Global carbon cycle 

Light-dark cycle 

Turnover 

TCA 

Erlenmayer flask 

Shake flask 

Doxycyclin 

Non encapsulated 

Depsipeptide 

Nematode 

Decarboxilase 

Decane 

Cyclodextrins 

Digoxygenin 

Thermodynamic 

Dihydroxyacetone 

Autotrophic 

Photoutotroph 

Drosophila melanogaster 

B-cell repertoire 

Chemiluminescent 



^SLJl JJaJl 

->-'^1 <LjLS > | 

A+j ojj^ 

i JJl) l3 JJP 

j'T* 

4^—L^o — xJ I 

4J OjJu 

*LO ^jLo»o 4-oI-Xj 

AjjJcJl (jjta 

j^aJl 4-o li 

JjM 

4JUI 4j 1 o 
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Polyunsaturated 

Bioactive 

Constitutive 

Fusion tail 

Poly A mRNA tail 

Isopeptide bond 

Disulphide bond 

Epoxy resins 

Resins 

Racemic 

Agonist 

Antagonist 

Tetrapoid 

Tetrahydrofuran 

Tetrasccharides 

Covalent binding 

Lepidopteran 

Feed back 

Pulsed-field gel electrophoresis 
(PFGE) 

Two-Dimensional polyacrylamide 
gel electrophoresis (2-D PAG) 
Sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis 
(SDS-PAGE) 

Allergic response 
Packing 

Endonuclease Mapping 
Alkalophilic 
Transplant rejection 
Down pumping hydrofoil 



hLto 

JA 

<J jJl RNA JJ {j’U-o'hM 

aIajIj 

A-j Uj a]sj\j 

JJ^/I J 

t 'jijiJ t jJl 

<uSjlJL> JajLj 
JajLj 
.1 1 ^pIjj 

JujlSwJl 

^Uo" j! -k>j 

Ao j 

orA^I JALI J> I oSUjJl 

SDS ^3 ^0^5 OSG-j 

or ^ ij 

jlU ^f?3 daj "J 
jl (i-ipli Ja-J ^ 

ipjjyll ^Lic-SU jv—i-l 

Cob Cjh O-rLiU^j 
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Chip 

plasma resonance 

NMR 

C13-NMR 

Robotics 

Ribose 

Ribonuclease 

Reductase 

Washed out 

Xylose 

Controlled pore glass 
Sub-cultures 
Microbial Cultures 
Pharming 

steady-state continuous-cultures 

Cell Culture 

Xenotransplantation 

Human serum albumin 

Scale-up 

Zithromax 

Xylan 

Xylanase 

Essential oils 

Molasses 

AIDS- associated Kaposi sarcoma 

Salicylate 

Subtibsin 

Streptogramins 

Citrate 



SSlSj 

13 ijjjjSOJ jJl 



J liS - -Ij J 

JO 
j A'3 

-1? 

Olpljj 
Aj e-L^-'y I Apljj 

^lo'y JL-s^aJl Apl jjJl 

o o Apljjj! 
Aj APjJ» c ApljJ 

l)u I j J-*iJ f-Lvipl 

Ci ^Jl J-^il JN j 

OSbJI 

jU%JI 

^ ^SLJl JsLJl 

ApljJJ ^S.Ai aJLs! jjdl ^ojjLva 

A-.w^il 

L- 



j Lw® I j£* jx^JS I 
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Sterol 
Steroids 
Pipetting 
Colorectal cancer 
Growth rate 

Biomass specific conversion rate of 
compound i 

Specific conversion rate of compound i 

Tangential Flow 

Inert 

Glycan 

Glycosylation 



J j ' 

d-> \ j .*. '■ \ 

' (_)dPA j\ AP 

G j_~L-l A_Jd_SGl ^_P ^dJl j_gpdJl 

i * — S 

1 : I ‘Cp 

( _ S G’ j I 

-Ul>- j! ^Jgslj>- 7TJ2~* 

otS^jStp — yw 

GL^gl cjLj I Ij-j j tG ^.SGGl 



Sucrose 

SH-sugars 

Polysaccharides 

Succinate 

Succinyl-coA 

Side chains 

Oligonucleotide 



jjj £~ -Jl 



apj^-p-c-o j aIj-sj ^ il dG ^SGJl 
odi*ll aG" jil dgb ^SGJl 
A — - o.- -7, — 1 

^s* j — sCj 

A~pL 1-I 

t. -Co 3 ^ ~ 9 A_: Lj y~~~ l — — 1 *V'— ^ 

dg I d*j ^GS"^dJ I d-GGh 



Strains 

Gram-negative 
Sequencing 
Protein sequencing 
Heavy chain 
Light chain 
Nucleotide sequence 
Automated sequencing 
Electron transport chain 



dNsG 

pi jjJ I d_L_u 



djldj^ ^Jl cLvJL 

GJuil aL_LJI 
‘UdLhl G~-J_Gl 
cj-Lj jASGJl G*d_Gl 

Ojy^U^/l aL-Lp 
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Respiratory chain 




J-chain (joining chain) 


1 J 


Alkyl chain 


ASS 1 


H 2 S 




Sulphonamides 


ol-Lvol 0 


Sulphite 




Salmonella 




Immunotoxins. 




Toxicity 




Human body fluids 




Pseudoplastic fluids 


AP_^Uall AAjIj AjI 


Super-critical fluids 


4»>- jA-\ 


Excipients 




Sorbitol 




Somatotropin 




Cytoplasm 




Cytosine 


Oijj^ 


Sitosterol 




Serine 


oor- 


Sesquiterpenes 


ol^SL^I 


Sigmoidal 


(jZ «Aj 


Sepharose 


jjjLa^wJI 


Cephalosporin 




Caphalosporin C 




Cephalosporium 




Cephem 




Cellobiohydrolase 


y*S J j y^i ^Lw»< 


Silicates 




Silicon 




Profile 


\sa L (- 
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Tryptophan synthetase 
Synthons 
Thiosulphate ion 
Control 

Endoplasmic reticulum 

Semi-synthetic 

Isocitrate 

Fatty acyl triester glycerol 
Fv fragments 
Fragments 

ScFv (single chain Fv fragment) 

Antigen -binding fragment/Fab 

Crystallisable fragment (Fc) 

Proteolytic fragment 

DNA fragment 

Corn steep liquor 

Liquor 

Avidity 

Laboratory containment conditions 
Mild conditions 
Replication fork 
Malted barely 
F pilus 

Redundant codons 

Codon 

Start codon 

Stop codon 

Genetic code 

Translation start codon 

Morphology 






Li ojLt 







J j S' ^ 

Fv JaJ 

Llli^ c 

Jo jiJ.1 Fv 4iwLi 
Fab j Jaj J>\ di-LJi 
(Fc Ai-Ut) ojjJulil AiJjJ! 

J jJl f-l j_>- 4i_LJj 

DNA c DNA i DNA 

oj-iil >1 



Aj f-\ }&J 
aJ k_3j / J S?J jZi 

A_dpLv2-o-U 



d->l 

0 j ol jA£> 
jS ~ 0 jJLSi 

ajIjJI o j JlS> 
*« A3 ^Jl 0 jJLSj 

AoijjJl 0 j JLZ^i I 

A>?* c-Jj 0 jAZ> 
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Topology 

oc-helix 

Chitosan 

Fluorescent dye 

Chromosome 

Osmotic shock 

(3-sheets 

Phenotype 

Non-segregated 

Platelets 

Viral plaque 

Microtiter plate 

Pharmaceutical industry 

CT-box 



‘U—i j oh AJCwia <1)1 dl T 

(3 ~ 

y&llaJl ia^jJl d-jLs^aJl 

yUjj 

CjljjJl AphvaJl 
CT 



TATA box 



hh 



MHC class I and class II 

Sub-class 

Ploidy 

Selective pressure 
Osmotic pressure 
Back pressure 
Eugenics 
Scattered light 
Narrow spectrum 
Robotic printer 

Standard enthalpy of formation 
Enthalpy 

Standard Gibbs energy of formation 
Reducing power 



j 1 ^ " 1 1 >■ 1 ■ a / ,_a II i 



■yg-)) J 






^ yjJl 

4_**_yg 

i Jgjwg 

Jg-^yg 

or^rj -k*-® 
J~J| Jg jA_yaJl 

(Jj. wg 
aJ| 4_*jlJg 



4jjLa 1| ^ _^ScJl 43 Ug 

^lill - U^IjJI oik] I 

4jjLjJ»I 43 Ug 

4jj^ 43 Qg 
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Regenerative medicine 

Biomedicine 

Lytic nature 

Microalgae 

Centrifugation 

N-terminus 

Natural Gene Transfer 

Operation of bioprocess 

Insertion mutation 

Single-site mutations 

Oligonucleotide-directed 

mutagenesis 

Auxotrophic mutant 
Diagnostics 
Lytic phase 
Exponential phase 
Lag phase 

Dormant phase (G 0 phase) 

Stationary phase 

G1 phase 

Attapulgite clays 

Interfacial phenomenon 

Steric hindrance 

T-phages 

Prophage 

Template 

Granulocytes- colony stimulating 
factor 

Insulin-like growth factor-I 
Blood clotting agent 



t -b li 

■ — -hi I 
aJL^-I Ajt ■ -bll 

Aj^d.1 v JUdaJl 

tSjS J.\ JLJl II J >JI 

j\ aLJj jdJ A-JP-b ^0 

Aj jd-l A-Lwdl l«»-d-" dj ^0 
dsL>t_9) dj | Jcb 
4*0~*0 j].\ OjI j ah 1 1 
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jkJ j l 

bddl Abl^ j I d ^P ( o ^fb 

‘iwaAsdJ ^dj t t-Jljb 

JSUlNl jjU\ 
I j\ ^dp J ^bJl 

d-l ^Jl J ^b 
djL_Jl jjb 
0 I t^b 

^ j~b>dl j^bJl — jj-Jj jjb 

d-d-^jLNl 

... ' \ o jjfclb 

JShJl 
T dUJl 
^jlj J jl Lijl dip 
* Jli tdij Ip 

oL jXJl Jbdd jddl J^ldl 

A~d-I ^/gdl 
A. ^wl ' 1 ^J-slp 

(.jJl/i J-Ip 
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pH-controlling agent 
Oxidant, oxidizing 
Reducing 
Co-factor 

Anti hemophilic factor 
Transcription factor 
Epidermal growth factor 
Double cross-over 
Pulp 

Inhomogeneity 

Infection 

Polysaccharides 

Polyketides 

polyhydrosis 

Polypeptide 

Mutant isolation 

Isolates 

Syrups 

Cytosole 

Turbulance 

Bacillus 

Micro organ 

Observed yield 

Yield 

Aromatic 

Beads on a string 

Streptococcus pneumoniae 

Streptococcus pyogenes 

Gene therapy 

Germ-line gene therapy 



-CwS* Lp 

ApL- J*alp 
jjs* U! sLJzjo J^Ip 

c_JL/2J jl 

/cJj AL^> cP 
tiJ-LP 

AvS” oL jSwJ I c -\j jLSwJl o>I-\j-Lp 
-Lj c L^SvJl d->l-L)Ap 
I -\j JlP 
oJjAp 
ol yliaJl JjP- 

yUaP 

i Aj jJiM ojLyaxJl 
l—fl.yg.gj I 
I.JI.J L-s-yg.P 

o p-LvaP-l jl o1m,.^,P 
s-llajJl 
<J c p-llaP- 

iaJs- Jp oL^ -Lip 

Aj J j jJl Aj 

A^x^JlIl AjJJL*J| 

aJ j\ ^J^-l js*-> Aj jjl^xJl ^Jp- ^.^-1 ^*Ap 
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Phylogenetic relation-ships 

Algebraic relations to calculate 
Stoichiometry 

Linear relation 
Capsule 

Molecular biology 
Microbiology 
Systems biology 
Genetics 
Crystallography 
Small scale 
Generation time 
Energy currency 

Somatic re-arrangements of the genes 

Metabolism 

Signaling 

Bioprocessing 

Microbial process 

Downstream processing 

Anabolic processes 

Polyadenylation 

Oxphos 

Crystallization 

Gelatinisation 

Liquefaction 

Cultivation 

Passaging 

Splicing 

Methanogens 

Maceration 



iJ y Jl 
Chi- 

Jwf i ■eft' 

e-Ls-Ml ♦-Ip 
L -_Lp 
b A 1 p-Lp 
jjJl p_Lp 
cij p-Lp 

ijbzj jjp 

lM " 1 

Aslialj ApAJLJI aL^*JI 
a iwp-o o^Ip I Ll^p 
I LL»pP 

a AU» wJ-dvjJl 

Appa jj A j^cM oLL^Jl 

I oU-L ajIaA.! Ai_wA_pvjdl oLL^Jl 

jJJ IpUjLApQ-P 

o^jjcdl aLo^I aJu>-p 
o llj ApLo S' 

J a-L^Jl A-J-o-P 
AnLo-P 
aJ-o»P 
A~L»_P 
a^*Jl aJ-o-P 

( J^0 ApLo«P 
Ap^il aJ-OpP 
c ^ aJpo-P 
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Brewing 

Glcolysis 

Submerged fermentation process 

DNA repair mechanism 

Reverse glycolysis 

Sparging 

Denitrification 

Gluconeogenesis 

Single Stereospecific hydroxylation 

Column of Sepharose-Glutathione 

Generic antibiotics 

Gene clusters 

Muscat grape 

Separation factor 

Infectious agents 

Transposon 

Galactanases 

Adrenal gland 

Screen for 

Primary screening 

Secondary screening 

High-throughput screening 

Griseofulvin 

Fibre wet-spinning 

Cell membrane 

Cytoplasic membrane 

Semi-permeable membrane 

Hyphae 

Aminoglycosides 



o 

DNA JJ 
' ■ I 

jyoUl j 

■ * y U Cl *s- 

r>M-Jl o-* 5-l^Ij CL_^_p 
a^pI jiJl 

^Jp A*Jp ^^2-lil ^ 

) -LsS llP 
t I ‘i.., •.-.*! I 
Jj yidl _/~a^ 

Aj jp 

J) ~ aLaIX> 5 A-jl JJ Jwol jP 

Aj oJjJl jl ^iiSvJl oJp 

aJ j \ aL^P 
Aj^jIj aL) ^P 

p-bVl aJIp a L^p 
jiJl 

^aAJI » — J? 

^ ^ f L*«p 

L fy ***** 1 t-L^*»P 

JuCj* j jl A-^-jo f-LisP 

ob-wajJl 
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Glycoproteins 



Glycosynthases 

Glycohydrolase 

Glyoxylate 

Glycerol 

Surface immunoglobulin 

Membrane-bound surface 
immunoglobulin 
Immunoglobulin 
Glutathione 

Glutathione-S-Transferase 

Glutar aldehyde 

Glutaryl cephalosporins 

Glutamine 

Glutamate 

Glucans 

Glucoamylase 

Glucose 6-phosphaste 

G3P Glyceraldehyde 3-phosphate 

Non-co valent 

U ndifferentiated 

Non-limiting rate 

Irreversible 

Blunt 

Blood group 
Bacteriophage 
Vancomycin 
Shelf-life 

Fructose 1,6-bisphosphatase 



j j* Jl 

J J J -Lpi j-Sb 

1 1 j y-'' '-tp 

^y>da-wJl ^pLII ^j-JjjjijJl 
tLtjJlj ip <j-i 



>LII ^Jjjjip l . ^p Lea ^Jjjjfp 

o j~ 1 b^fp 

yd ' I ji~ S — o j~ ib^fp 

I j Li jfp 

d->Lp j j*_-*i jJLL_**i Jj jh _jip 
^j^Li jfp 

d-o Lii jip 
jlSjLt 
jS jJjJl 
dpLf-wjj 6 _jip 

cip 3 Lj— aJ I ^ wdp 

d^L-vJ ^P jl dS"jl_JLj ^~P 



V- 









(o-djAa p 4 P^«*) Ap j—vJJ -d 2 »a ^p 
I jfS' 

djU ^p 
AJ Ad 3 

dj Ip jl ^ ^dSl J p- 13 
jSLU 
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Shoots 




Phosphorylation 


o y LvjjJl 


Physiology 


v Oj jJl 4 


Fungi 




Filamentous fungi 


A.«]a >,?- oL) 


Dermatophytes 


j jJajaJl 


Potency 




Carboligase activity 


(j jj ^ 5vJL) Jajj <LJL*3 


Water activity 




Aplastic anemia 


J3 


Flavonoids 


olJUjj jitAi 


Flavin 




Transition metal 


jJUJl 


Flouroquinolones 


o»lj 


Phleomycin 




Phenylalanine 




Vinyl pyrrolidone 




Vinyl alcohols 


(J jS> c5\Jl 


Formamide 


JbUlo j ji 


Formate 


OjUj j3 


Formaldehyde 


Jbl^ JlU j ai 


Pentose C 5 Phosphates 




Tetrose C 4 Phosphate 


^3 ^ 1 ^3 


Phosphodiester 


^jLj ^3 


Phosphoenol pyruvate 


(J^XjI ylU» jj 


Phosphotyrosyl 




Pi(Inorganic Phosphate) 




In-frame 


^pPT-ygJl 4j?* jU^j 


In vitro 


t/ ‘(T^ 1 i/ 
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Downstream 



In situ 

Upstream 

Phytoanticipins 

Virginamycine 

Hepatitis viruses 

Respiratory syncytal virus 

Vaccinia virus 

HIV 

Bomyx mory virus 
Sandia virus 

Cauliflower mosaic virus 35S 
(CaMV35S) 

Multiple nuclear polyhyrosis virus 

Arbo viuses 

Budding viruses 

Legionella 

Time-lapse movie 

Femtograms 

Phenanthrene 

Phenoxy acetic acid 

Substituted phenol 

Phenylpropanoid 

Phenyl acetic acid 

Fumarate 

Fumarase 

European inventory of exiting 
commercial substances (EINECS) 
Replicative 
Saccharide acceptors 



-a ^2 — daJsjJ (Jlj) j\Sj y y 

£fjil 3 3 

JjU ^y 

' y * 1 3 
y 3 y$ 
L™$'Ia]| y3 y% 
Apllil 1 1 y*3 yA\ 

y.J~\ “-U- 5 o*j3 

L.JJL- y* 3 yA\ 

Ja^-j ys^\ k-Llolj yA y>J y£ 

oljj Js> 3 y yA J y$ 

LL/? a i L j aJ ^axII oUij y&}\ 

A^P jyA y% 

aJiLaJI 

y/2~JlA 

Ji-I y~$j3 

(J yjs}\ 
JjjjLjJ yS\ (J— 9 

3^ JAA 

ColjU y$ 

ji33 

o j3 1 jlil Aj jlpxlJl il jll A^jjli 

Aj^Ui<JJ Jjli 
jjjlSwJl o^AjIS 
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Feasibility 
Schiff base 
Rule of thumb 
Matrix 

Toxic substances control act (TSCA) 

Logistic law 

Totipotency 

Extrusion 

Proofreading 

Fraction 

Microprojectile bombardment 
Functional domain 
Globular domain 
Domains 

Transmembrane domains 
Electrode 

Diversity segment/D-segment 

J-segment 

V-segment 

Fluidized bed 

Nucleocapsid 

Neutropenia 

Oligosaccharides 

Cellooligosaccharides 



^ ' 1 aJj U 1 1 
Schiff SApli 



oAplii 

A3 L v Jli 

Gl~~Jl 3I ^llj -.SGcJl 0 jjli 

I ^p 0 jjudl 
. 3 JloJ 1 

a-La jl *-y>- <• 

A £*33 AjIIjAJL-j 1 i-pd 
aJpUJI ^Lki 
I ^Ua-aJI 

, " jl c l Us 

frLtjJl dJ>-l3 AA*jj^j AjIp11?3 

D — ApdapJl Ajf-ks 
(^Lwajbfl A*la3) J — A*Ja3 

v 



yOll 

ol 

C-N jJJl aL 



AjjLSL-JI caSLU 
-La aIsjI ^ il LjjJ caSGa 

4 1 1 



Peak 

Roller bottles 
Data bases 
Genetic databases 
Nucleotide bases 



0 c 

(a>- ol 

kji-t lj I jlpI 
d-’Lo I ^pl^J 
Aj-L> Lj ^p_LS " ^0 ApI ^J3 
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Substructure 

Proton motive force (PMF) 

Block/sheet moulding 

Van der Waal forces 

Shear forces 

Amperometric 

Luminometry 

Spectrometry 

Mass spcetrometry 

Mass Spectrometry 

Measuring yields 

Simple photometric adsorbancy 

measurement 

Stoichiometry 

Mesophilic organisms 

Higher eukaryotes 

Micobiota 

Extremophiles 

Surrogate host microorganism 
GM microorganisms 
Geneticaly modified organisms 
Repressor 
Carbamate kinase 
Carbovir 

Carboxypeptidase A 
Hydrophobic 
Carotenoid 
Expression cassette 
Cassetes 



f'y 

03 yx ll c o yj^Jl ® y 

j 1 il jElb Cl y 
van der Waal ^ y 

Aj *)! I 

(J jZa J - ^yLlgJl 

^gjjg.1 ' aJuSCJI ^LS 
(J 



> — ^3 ( j^>Ls3 

aJai* 1I ojl aj>J»I a*^-I oLjISvJI 

ol jAJ! AJUb>- AJ5 I jj! oLol^JI 



c-L*_«Vl o2jj >- jll aj 

AS j\s^\ ^_3j ^laJJ A^-cil oUjISCJI 
aL Jj AjLw2>) Aj oLj 15 
U! jj aJ-Lsco Aj j-£r^~ C->Lj15 

LsjljJ aJ J-*_a oLj15 



L>- t ^jlS" t o— >15 
j^_>l5 OoUL jl5 

^.*3 jj jL^J I 

a 

*UJ 0jl5 

Ju_^wO JjlSGl 

o~»l5 
Lw^*i 15 
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Camphor 


jjitf 


Chitin 


j\ 


Immunosuppress 


^hll o~£Jl 


Myelosuppression 




Ammonium sulphate 


J J^^l Oj jS 


ZnS 


ciLjJl Oj jS 


Cell capsule 


A^lji-| aJ 


Catalase 




Biomass 


Aj aJjiSvJI 


Cell density 


Aj jli-l AiliSCJl 


Optical density 


Jl AiliSvJl 


Phenyl ethyl alcohol 


1 <J y>*S 


Carbapenems 


vJIjLo-JwoIj J^j! 


Carbohydrates 




Hydrophobcity 


( 0 ^ f-li! 0 jS 


Crotonase 




Affinity chromatography 


c_iJLjl j\ AiJ'il Lil j£> jjIa j £ 


Gas chromatography (GC) 


AjjUJl lil Jr ^jLoj j5vJ| 


Chromatin 




HPLC 


idiVl CJL«Jl CGI Jl 

^l*Jl JaJwaJl ota aJjL*J| lil _^ jLoj j5Ul 


Yeast artificial chromosomes (YAC) 


1 0 ^woiM 


Bacterial artificial chromosomes = 
BAC 


A*S- 1 Aj jZ&j jA ^ 


Clarithromycin 


tjy^La j Jjj'yS 


Clavams 


oUitAsai 


Chlorination 


OJ jlSUl 


Chlorotetracyclin 




Gluconate 




Human embryonic kidney 


Aj A^i_v2>3 
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Molecular weight marker 




Kanamycin 


LoliS" 


Reactive reagents 


aIpIjOs oLS jjOJ il yo j\ jS 


Diagnostic agents 




Bifunctional reagents 


Ajj. J;? jJl <Lj L o v iLJil jS 


Carrageenans 




Cortisol 


J JyJ 


Cosmid Vector 


“VO jS 


Collagen 




Keratin 




Chiral 


Ljl j A y£* 


Kilo base pair (kbs) 


j ^ 


Harsh chemicals 


a^UJI A^UL| oLjU^Jl 


Fine chemicals 


aJU jJl L 1 


Bleaching chemicals 


a +/s~.a oL> jLo-sS" 


Chemotrypsin 




Immunocyto chemistry 


a^pLxII Aj^lii-I 


Agrochemical 


apIj^JI ?-L_o»^5' 


Clinical chemistry 


‘uJaJl p-L^SvJ! 


Kinase 




Entities 


y~S 


Immunoadhesins 


ijpLil oli^‘)lj| 


Lactate 




Lactams 


oUliS^I 


Lactose 


i ySK 


Acetyllactosamine 


jJ\ M j^hUl 


Lacton 


jj»^A 


Lanthionines 




Facultative anaerobe 


ajjLi>-I *LjI 


Wood pulp 
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Immune system has checks and 
controls 


y j5"l y> ApUll 


Cell cytosmears 


AjjJiM 


Smear 


Aj> JaJ 


Diphtheria vaccine 


Lj I 


Tetanus vaccine 


jljfll ^-Ui 


Lyme disease vaccine 




Retrovirus vaccine 




Cluster designation (CD) 




D-amino-acids 




Leukemia 


jJ 


Hairy cell leukemia 


L^5U5>uL. U^jJ 


Lipase 


jLJ 


Liposomes 


A^o J j y*} AJj&^ oL)j5" & oLo 


Lysozyme 




Lignan 


o 


Lignin 




Levofloacin 


yi*\S I 


Fibrin 




Lycopene 




Lymphocytes 


i*2-> 1 


B-lymphocytes 


a^jL) Ca Lj 


Non-hodgkins lymphoma 


yb ^ 


Indicator 




Marker 




Affinity tag 


twilllLl jl 


Molecular size markers 


<J jJaJl ol 


Biomarkers 


Aj y>~ 0>l j*Siyo 


Limiting substrate 


SiJtPxil aJj^I oilil 


Substrate 


oJ^S" j}\ i V S jA t aJjVI Oilil 
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Primers 

Denaturant 

Recombinant 

Macrolides 

Malonate 

Malate 

Mannases 

Mannans 

Immune donor 

Donors 

Mannosides 

Mannitol 

Mycelium 

Mycoplasma genitalium 
Conservation principles 
Ion exchangers 
Spacers 

Hyperglycosylation 

Herbicide 

Tandem 

Homologous 

Overlapping 

Chlamydial 

Cohesive 

Multi-meric 

Polyactide-polyglycolide 
Relapsing-rimitting (MS) 
Polyacetic acid 
Multi-phase 
Heterogeneous 



0 Ls 

* 

olaJj 

jJC 

o-JC 






oljC 

ip Co 
OL>cjLo 
Jjl Jj j Jjlil 

<J La 
Lo 

Uj%^5CU 

(_£jL-a 

4-o I 

ol JlpL-o 

^iL^al; j\ 4} 

o-jLJLP ^ I olj— »>a 
‘LslxXa 4_*_j Ijjs 

a 1>-I Jj-o 
4 j Jjdl 
aLU 4*51 jla 

1 J J_*J-a 

Jj'y jJ-*la ^a Jo 1x5"^ I 

J-l ^11 ^Ul J-Ulil 

Jj^l>s 
jl I OjJ-*J-0 
^jUcJo 
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Heterologous 

Reactants 

Autoreactive 

Fluorogenic 

Mitochondria 

Degenerate 

SARS 

Complements 

Reproducible 

Proportional 

Recessive 

Cytostatic 

Osmotic stabilizer 

Stabilizers 

Inhibitor 

Fungioststic agents 

Allergens 

Methyl 

Population 

Probes 

Lyophibsed 

Culture collections 

Linkage group 

Sulphydryl group 

Haemotopoetic growth factors 

Bright field microscopy 

Light microscope 

Confocal microscopy 

Simulation 

Hyper-thermophilic 



jt- i J-vA 1 1 j\ jAJcla 

LjIS aIpUiII 

o j jJ_aLo 

oljJiidl 

I j\ c Lo-ojd. I 

^Jjli <. c 



O-sLo 

Jg^Lo 

j aJgJjJl Aja^Lo 

jjL^o c oL~f 
0 

JgLJjl AP^_«&»5- 

AP^q«S- 

oJg»s^il JjJl Aj 

SIS'LL 

l~L>- A*jL> ojl ^4-1 oU-jjJ 



1 124 



Hydrophilic 

Thermophiles 

Psychrophilic 

Halophiles 

Piezophiles 

Acidophiles 

Alkaliphiles 

Elicitor 

Biotic elicitor 

Abiotic elicitor 

Inducible promoter 

Yield of biomass x on compound i 

Promoter 

Positive effector 

Conserved 

Deletion 

Transgenic 

Periplasmic space 

Transcriptional reporter 

Outlet 

Working stock culture 

Flow diagram 

Surfactant 

Lubricants 

Chelators 

Plant wastes 

Bioremediation 

Inlet medium 

Inserts 

Complexity 



AjUlj ^il ojl ‘UPxll 
oj ^JJ j! *waL>dl ojl 

4j bbujl ^3 

Aj J-~>- j£- 

4j bf j£- 

S 1 ^3 tl j£- Jj b ti j£- 

1 ■ — .2. ^ll X I d 

^ -M 

jjUxil Ja^>dl 

<j ^sj>c^a jS\ ^jlyll jjyi 

j\ J.J2I 

4jliL>cil 
«Lo L*»5 cjib 

olJLJl 

oljljl! 

tM' 

oLo^-Xa t ol> j-Lo 
(JJ-La 
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Non-aqueous solvents 


^yla t. — •-) j_a 


Micelles 


0>tA-)-La 


N-linked 


N jA 


Tropophase 


jl jia'yi oiJljtla t 4_L>- jA 


Morphogenesis 


4_L>- jA 


Idiophase 


ij jA 


Rotary vaccum filter 


£1^' L ^ J ■* 


Boving spongiform encephalopathy 


jliVl JlXp jil 


Haemolytic disease of the newborn 


f-l J-A 


(HDN) 


•Si jJl 


Creutzfeldt-Jakob disease 


c "a ^ 1 1 


Coronary angioplasty 


f-lp-jJl !»_. j \ J ^y^y 3 


Broth 




Immune complex 


4-pllil (jJL*~a) y 


Analyte 


jkii ^sj.\ 


Transcriptional complex 


^y>s-wJ jl v — S jA 


Unprotonated compound 


(j <0 Jl^il ^J5wJlj V S jil 


Intermediate compound 


t <^S jA 


Glucocarticoids 


Aj ^ 5wJl a«oI toLS" ^il 


Reference compounds 


^>- ^5" o-LoJaII oLS" ^ a 


Procursor metabolites 


ajsJL- j\ 2jI jA 


Diazo 


jjJ oLS" ^a 


Precursors 


oLS " jA 


Multi-enzyme complexes 


oLojJj'yi 0^_L*Jla oL5" ^a 


Metabolites 


' ol^la j oL5 jA 


Center for drug evaluation and 
research (CDER) 


oU-oVl j5" ^a 


Tufits 


cr" 3 '"' £ J* 


Origin (of x, y-axis) 


(J^Vl j\ jS jil iki) J-^Vl cyJ jil 


Plant tissue culture 


AjUl 4j>c_^j'yi 
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Perfusion cultures 
Suspension cultures 
Explant 

Double stranded 
Batch culture 
Fed-batch culture 
Continuous culture 
Master frozen culture 
Submerged culture 
Oxygenated 

Labeled DNA or RNA probes 

Cross-sectional area of the 

downcomer 

Free flowing powders 

Ribosomal synthetic pathway 

Non-ribosomal synthetic pathway 

Glyoxylate bypass 

Pentose phosphate pathway 

Catabolic Pathways 

Transduction pathway 

porous 

DNA probe 

Labelled probe 

Effectors of the immune system 

Biopharmaceuticals 

Crude preprations 

Emulsion 

Haemophilus 

Antigen 

Tumour-associated antigen 



tyG 11 

aL 1 

ol-Lill AxijJl APjJ>j 
o 1 AP^^J.1 
A~*_o j o_\_o3^ APj^> a 



AP jj* 
Ij 

RNA. Jl j\ Jl DNA Aa y* ^jL 



J jUJ jd\ a aI ' A^>-Lw^j 



AA-JJs* J^w>-L~~a 
L~~a 









JjjJl ^ jLw> 

( Jl) oljL^a 

I Jliol 



at* 



L~*a 



DNAJl^^f j\ jl^a 




aJ^J I Aoj 
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Colonies 
Receptor 
Fc receptor 
Secondary metabolites 
Denaturation 

Solid support 

Differential Controller proportional 
integral 

Fluman Genome Project 

Teratogenic 

Enantiomer 

Array 

Microarray 

Serum 

Antiarythmic 

Anti thrombin III 

Alphal-anti trypsin 

Anticholinergic 

Antibiotics 

Parent antibiotics 

Food additives 

Organic supplements 

Fluorescent 

Flost 

Aspects 

Regulatory and safety aspects 
Linear rate equations 
Rate equations 
Differential equation 



A-a. 'c .'.-s 

Fc aI-LJu cojjLd.1 AiaJdl J « 

Ljjldl c— > I 
_ JiC^Jl j\ ajJI jl 

jl 

^wihdl J-oLSCJl J^UsJl 



LjI y> APjCsp 
A3 A 
Aj A3 

oil 3 1 Jsj> 
III .kUdl jUw 

1 liil 

^L/2 -a 

Aj tJl*>bLsiiil 

J-^Vl ij-i-l obUil 
*UjI jjJl oliLvill 
Aj olils<2_a 

j aJj A-,« ./? -a 
j lo - a 

iJL.Vlj ybUiii 
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4,-jg.cM 

ibb-a 



First-order differential equation 
Third-degree polynomial equation 
Post recovery processing 
Grid and parallel processing 
Mash treatment 
Coefficient 

Molar absorption coefficient 

Jacket side fouling film heat transfer 
coefficient 

Maintenance coefficient 
Mass transfer coefficient 
Biorefiners 

Substrate maintenance coefficient 

Maintenance coefficient of 
compound i 

Yield coefficient of biomass per 
substrate, inch maintenance 

Stoichiometric coefficient 
Radioimmunoassays 



aA^Ljj AtaL*-a 
o^Jl*l<a aI^Lsc® 
£l>- J-*J La CjU-Lm 

Aj jl I A^-l*J.I 

(Jjil Gala Ml 

Jp .LiJjJ JULJMl 

v 1 

Aj ' ^JwaLsca 

aJu&I JU&I JaUi 
jijfi 

CJjS/l i0lil AjL-yg 
1 P-G ^il 4j Cyg 



tdjl GC ^J-AJ C j_G-l ‘GjlAJI ^LLp 

frLiJl s-UaP LJwiU 

lS jl l _ r *'GS 

ajGJ,I *upL1I cj! ^ jUdl 



ELISA 

Immunometric assays 
Assay 

Kinetic assay 
Cytochemical assay 
Parameters 

Generally recognized as safe (GRAS) 
Calf stomach 

Specific substrate uptake rate 
Dilution rate 
Critical dilution rate 



iUd.1 Syull At Li I ol^UIl 

‘LtC j^Li CjI y\jiA 
a y\ju> 



*uS" j>- 0 y L 
L CjL^S" 3 

j^Uil 

l^LL 

SiUJ ^Jl (J-Ow 

pAoGcJl <_] jl*p 3 
77y^~ ^ I 
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On-rate 

Volumetric formation rate 
Flow rate 

Outlet medium flow rate 
Inlet flow rate 
Volumetric rate 
Off-rate 

Linear growth rate 

Specific growth rate 

Temperature correction 

Net formation rate 

Electron donor 

Antisense 

Suspension 

Cell suspension 

Free suspensions 

Real-time information 

Bioinformatics 

Parameter 

Micronutrients 

Macronutreints 

Encapsulated 

Plug flow reactor (PFR) 

Continuous stirred tank reactor 

(CSTR) 

Batch stirred tank reactor (BSTR) 

Bioreactor 

Basket reactor 

Membrane reactor 

Hollow fibre reactor 



^3 Of* (J-Ow 
^ 00 I 

(J-Odl 

jJI 

Jl J-Ow 

t gp ' j_<cJ I 
ojl j I (J-L-s 
^3 Lai I ^ jSOl jljjta jl 
Oj ^1(1 
oldhfl 

jl" 

00L*- 

o djLlhdl 
LgJ d~3j CjOs 

L Ltd jLdl 

jL?w 

‘'JOsjJI d->0-dJl 
C->0-liJ.I 

djLJjCj i 

(ol-L~JO ^JLJl * ’Lwjhfl ^pOL 

Lpfd 



d_*ojJ0 jdjtll ^d-l ^pld 
J*0iil 
dL-JI ^pld 
pLcuiJl Ip'Od 
^_3^3f ^ydi . fpOd 



1130 



Stirred tank reactor 

Photo-bioreactors 

Batch reactors 

Packed bed reactors 

Air lift bioreactor 

Unbaffled stirred bioreactor 

Phosphorylated 

Mycoplasmals 

Activator 

Tissue plasminogen activator(tPA) 
Plasminogen activator mutein 
Kinetic expressions 
Retro-biosynthetic approach 
Scale down approach 
Approach 

Antibiotic resistance 

Standards and controls 

Biobstics 

Entrainers 

Cardiotonic 

Spectrophotometer 

Micro scale 

Standard 

Rate limiting 

Conservation constraints 

Partition coefficient 

DNA libraries 

Genomic and Gene libraries 

Combinatorial libraries 

Genomic libraries 



djlb^U-u (y? I d->b) d-OULG 
<Lj jGJI yj~\ d-J^Ulfll 
d-OULG 



yp yP ^il Jill dJ^GlG 

dhj AjyJ>- dJ^UlG 

k d-> Lb^t>=J aljyi dj y>- dJ^ULb 

yd-dll 
Cj\ j Jajdl 

XS y^-\ aj jJ^\ _^oUll 
j ?} I ^ ajjIXo 
AjjIXo 

4j >- jj t Aj jLa>j 
Aj O ' 2 L,(g 1 ' 4^ojlXo 

(j_& I JsjI ^«« oLail 

Aj jG>- oUjJJLo 

oL^LJ! jl 

cJjDJ 

^j 

<J jG'-" ‘ 

AP^Jl Xj lo 
AiaiLsxll l-L^ olj-LiLo 

<3 

DNA Jl 

4G>-LoJjl oLiSgo 



1131 



Phage display libraries 

Gene library 

Streptococci 

Enterococcus 

Mis-folded 

Pollinators 

Polluters 

Good manifacturing practice 

Adsorbed 

Endothermic 

First order 

Framework regions 

Complementary determining regions 
CDR (1, 2 and 3) 

Autoimmune 
Passive immunity 
Immunochemical 
Transductant 
Tryptic product 
Pooled blood products 
By product 

Growth connected products 
energy yielding 
Nucleophilic 
Curve 

Primary transcript 
Tonic 

V-region (variable region) 

Detergent 

Negative selection System 
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Yeast two-hybrid system 

Yeast one-hybrid system 

Reversible 

Rennet 

Knock-out 

Terminator 

Biocompatablity 

Feedstock 

Reagents 

Non-ionic detergent 
Toxin 

Carbon Intermediates 

Metal chelate chromatography material 

Oxidalive stress 

Re duct ant 

Adjuvants 

intermediate precursors 
Multiple donning site (MCS) 
Multiple antigen-binding sites 
Replication origins 
Programmed cell death 
Ultrasonic 
Marker gene 

Vector-based antibiotic resitance 
gene 

Protein-encoding genes 

Inherently 

Mediator 

Radiolabelled 

Labeled 
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Ribosome binding site 


jl) JU<2jI £^>yA 


Repressor binding site = operator 


JaJill £3 yA 


Activator binding site 


^9 yA 


Active site 


JU^I £3^11 


Origin of replication 


US' LsAl! 1 f-Ju ^3 yA 


Transcription initiation site 


f-Ju £3 yA 


Restriction site 




Ectopic 




Origin of transfer = OriT 
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Transcription terminator 
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Monoxygenase 




Monobactams 


y jl! 


Monomers 
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Metabolome 




Methanol 


<J a 


Methicillin 


Cj A r ^l\ 


Methyl ester 




Methyl tertiary butyl ether 




Mechanistic 




Myxococcus xanthus 


y*S y*»^**A 


Muteins 
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Naproxen 
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Products 
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Dehydrgenase 


4pjlJ 


Downcomer 


JjUl 


Reverse transcriptase 




Ripened 




Naphthalene 


^J&UI 
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Vector 


JSU 


Expression vector 




Shuttle vector 




Glycosyltransferases 




Nitrate 


ol 


Nitrilo triacetic acid-NTA 




Nitrocellulose 
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Nitrite 


cJ^Ul 


Nylon 


ij 


Lump 




Enzymetic deamination 
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Molar ratio 
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Rate 


jl AP j\ 


Transcription 




Reverse transcription 




Connective tissue 


^ 1 


Clones 




Catalytic acitivity 


j\ i?Lto 


Radioactivity 


iJUOJ! j\ J*UJl 


Semi-batch 


j 


Half-life 


v a_v2 j 


Range 


<Jl^- t o t ^Uaj 


Mismatch repair system 


DNA Jl J AUlsai ^p oM! £>U>I ^ 


Experimental system 


y > cJl 


Detection system 




Transport systems 


JJlJl ^Uaj 


Active transport system 




Electron transport-coupled 
phosphorylation System = ETP 


o jil Oj Jl&ol ^UaJ 


Reversed electron transport 


Oj ^JJL ^Usj 
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Denitrifying growth system 
Lipid bilayer systems 
Liquid inlet jets 
Permeable 
Purity 

Inflection point 
Origin ori 

Transcriptional start point = tsp 
Isoelectric point 

Impregnation of a porous support 
Gene transfer 

Direct gene transfer by particle 
bombardment 
Tansglycosidation 
Vesicular transporter 
Mismatched blood transfusion 
Facilitated transport 
active transport 
Wort 

Black box models 
Mathematical models 
Kinetic modeling of Cell Growth 
Gene expression patterns 
banding pattern 

Restriction fragment length 
polymorphism (RFLP) 

Transcriptional profile 
Continuous culture 
Balanced growth = Tropophase 
Diauxic growth 
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Vegetative 

Model 

Unstructured model 

Sub-type 

Secretion vectors 

Transformation vectors 

Integration Vectors 

Phagemid vectors 

Shuttle or bifunctional vectors 

Species 

Wild type 

Verbal 

Specific 

specificity 

Niacinamide 

Nitralase 

Nitrosoguanidine 

Acetonitril 

Neisseria meningetidis 

Nisin 

Nickel 

Nicotinamide 

Nicotinamide adenine dinucleotide 

Newtonian 

Neurosporene 

Nuclease 

NAD PH 

Deoxynucleotide triphosphates 
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Nucleotide 

Nucleosides 

Nucleosomes 

Nucleoid 

Neomycin 

Hapten 

Catabolite 

Aliphatic hydroxyl carboxylic acid 

Hydroxymuconic semi aldehyde 

Hygromycin 

Electrophoresis 

FI hybrid 

Chimaeric, chimeric 

Human growth hormone 

Histidine 

Ionotropic gel 

Silica 

Hydrogel 

agarose gel 

Halogenations 

Metabolic engineering 

Engineering genes 

Genetic Engineering 

Pathways engineering 

Aerobic 

Follicle stimulatory hormone 

Hornblend 

Genotype/Genotypic 

Linearised 

Hydrodynamic 
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Hydostatic 


j j\y) 


Hydrofoil 


Ji 


Hydrocarbons 




polycyclic aromatic hydrocarbons 
(PAH) 


C-jIaILI ^ J lap o y 


Hydroxyl 




Hydrolase 




Histones 




Hexadecane 


oISCoIjSLa 


Hexokinase 




Broad spectrum 




Selection marker 




Bacterial selection marker 


L Jl 


Pilot- plant 




Transcriptional units 




Plaque forming unit 


jJJl 


Single valency 


^il5cJl .lo-j 


Molecular genetics 


AJijjJk aJ 1 j 


Chronic granulomatous disease (CGD) 




Pituitary tumour 


A^L>sjJl O-AjJl 


Dry weight 




Biosensors 
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Free medium 


(L^yLi ^ JUU) >1 k^jJi 


Spent medium 


aj I 


Fresh medium 




DNA Labeling 


DNA Jl 


Intermediate 


Ja~wuj 


Pro-inflammatory mediator 




Blotting 




Southern blotting 


0 4_o-v^J 
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Effector functions 
Immune functions 
Structural function 
Functional 
Residence time 
Doubling time 

European agency for the evaluation 
of medical products (EMEA) 

Food Standard Agency 

Decoded 

Infused 

Exothermic 

Catalyze 

Cytokinins 

Encoding 

Induce 

Saprophytic 

Rate-limiting step 

Restricting 

Uracil 

Urea 

Urease 

Uridine 
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CjLp 



6-Hydroxynicotinic acid 




7-aminocephalosporinic acid 




7-aminodesacetoxy cephalosporic 
acid 




Abacavir 


jj is'lS/i 


Abiotic elicitor 


4j y^S>- *)} j£- 


Absorbance 


yj^>\ 


Accumulation 


(*^V 


Acetaldehyde 


«Xj oXi 1 


Acetamidase 




Acetamide 




Acetate 


1 


Acetate kinase 


0-«jbXw»il 0 ^j^jI 


Acetic acid 




Acetoine 


jov-l 


Acetone 


Oj*-*** 1 1 


Acetonitril 




Acetyl coenzyme A 




Acetyl kinase 




Acetyllactosamine 




Acid genes 
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Acidophiles 
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Aconitase 

Acrylamide 

Acrylates 

Activated, CD4-positive, T-helper 
cells 

Activator 

Activator binding site 
Active site 
active transport 
Active transport system 
Acylating enzymes 
acylion condensation 
Adaptive proteins 
Adenine 

Adenosine diphosphate 

Adenosine monophosphate 

Aden virus 

Adenylate cyclase 

Adiponitrile 

Adjuvants 

Adrenal gland 

Adrenodoxin 

Adsorbed 

Adsorption 

Aerobic 

Affinity 

Affinity chromatography 
affinity tag 
Aflatoxin 
Ag-Ab interaction 
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Agar 

agarose gel 

Aggregation 

Agonist 

Agrobacterium 

Agrobacterium tumfacien 

Agrochemical 

AIDS- associated Kaposi sarcoma 

Air lift bioreactor 

Albumin 

Aldolase 

Algebraic relations to calculate 
stoichiometry 

Algorithms 

alignment 

Aliphatic amino acids 

Aliphatic hydroxyl carboxylic acid 

Alkaline phospatase 

Alkaline Phosphatase 

Alkaline protease 

Alkaliphiles 

Alkalophilic 

Alkyl chain 

Alkylation 

Allele 

Allergens 

Allergic response 

Alloimmunisation 

Alphal-anti trypsin 
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Amidase 

Amide 

Amikacin 

Amino acid sequence alignment 

Amino acids 

Amino-adipic acid 

Aminoglycosides 

Ammonium 

Ammonium sulphate 

Amoxicillin 

Amperometric 

Amphotericin 

Amplification 

Amylases 

Anabolic processes 

Anabolism 

Anaerobic metabolism 
Analysis of the proteome 
Analyte 

Anaphylactic shock 

Anchorage dependent 

Androstenedione 

Annealing 

Antagonist 

Anthocyanins 

Anthrax 

Anti hemophilic factor 
Anti sense gene 
Anti thrombin III 
Antiarythmic 
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Antibiotic resistance 

Antibiotic-resistance marker genes 

Antibiotics 

Antibody 

Antibody isotype 

Anticholinergic 

Antigen 

Antigen -binding fragment/Fab 

Antigen-presenting cells (APCs) 

Antiparallel strand 

Antisense 

Antisera 

Aplastic anemia 

Apovaricin 

Applications 

Approach 

Aquaphilicity 

Arabinanases 

Arabinose 

Arbitrary 

Arbo viuses 

Archaea 

Arenes 

Arginine 

Aromatic 

Array 

Artificially 

Asparaginase 

Asparagine 

Aspartate 
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Aspects 




Assay 


o jjljco 


Assembly reaction 


S jj Lflj 


ATP 


LL^^JJl 0w< ^J-ol 


ATP synthase 


ATP Jl ^ojjl 


Attapulgite clays 


oJ^LDM ijU? 


Augmantin 


i 


Autocatalytic enzymes 


L»b ioLojJjI 


Autographa californica 


‘L^LjJl *U<2jJl 


Autoimmune 


VIJJI APllil 


Automated sequencing 


<C-£ Jpo <aL1vTs>< 


Automation of DNA Sequencing 


DNA Jl aicI 


Autonomous replication 


^JJ&**J.I 1 JJl v fipl_s<aJl 


Autoradiography 


Jljjl ^UJJl 1 


Autoreactive 


LJb aJlpUiII 


Autotrophic 


AjJJcJl (_jb 


Auxins 


oLo j5"jl 


Auxotrophic mutant 


Aj-XJcJ| jl «Lu Us) o yb 


Avidity 


0 ^JJl 


Avoparicin 


Owojb 


Azethromycine 


OwjLoj^IjJI 


Azoles 


JJjMi 


Baby hamster kidney cells 


^ 411 Jih JS LSU- 


Bacillus 


1 « « «/? P 


Bacitracin 


Owl jlwUl 


Back pressure 




Backward reaction 


,^-SbJl Jplidl 


Bacterial artificial chromosomes = 
BAC 


A^pUJg^l 4j jZ&j oLo jS 


Bacterial selection marker 


L j^iSLJl f-Lio^J 
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Bacteriocins 

Bacteriophage 

Bacteriostatic 

Baculovirus expression vector system 
(BEVS) 

Balance of degree of reduction 

Tropophase = Balanced growth 

banding pattern 

bands 

base genes 

Base pairs 

Basic biotechnology 
Basic research 
Basket reactor 
Batch culture 
Batch reactors 

Batch stirred tank reactor (BSTR) 

Bayer-Villiger reaction 

B-cell repertoire 

B-cells 

Beads 

Beads on a string 
Benomy 
Bentonite 
Benzene 

Beta-galactosidase 

Bicyclic 

Bifunctional reagents 
Binary fission 
Binding groove 
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Bioactive 

Biocatalyst 

Biocompatablity 

Biodegradable 

Biodiversity 

Bio-geochemical 

Bioinformatics 

Biolistic transformation 

Biolistics 

Biomarkers 

Biomass 

Biomass specific conversion rate of 
compound i 

Biomedicine 

Biopharmaceuticals 

Bioprocessing 

Bioprospecting 

Bioreactor 

Biorefiners 

Bioremediation 

Biosensors 

Biosynthesis 

Biotechnology 

Biotic elicitor 

Biotin 

Biotransformation 
Bisacrylates 
Black box models 
Bleaching chemicals 
Block/sheet moulding 
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Blood clotting agent 
Blood group 
Blotting 
Blunt 

B-lymphocytes 

Bomyx mory virus 

Boving spongiform encephalopathy 

Breaking self-tolerance 

Breeding 

Brewing 

Bright field microscopy 
Broad spectrum 
Bronchitis 
Broth 

Budding viruses 
Buffer 

Builders of detergents 
Bulk 

Butanediol 
Butanol 
Butyrate 
Butyrate kinase 
Butyric acid 
Butyryl-CoA 
By product 
C13-NMR 
Calcium alginate 
Calf stomach 
Callus 
cAMP 
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Camphor 
Caphalosporin C 
Capillary 
Capsule 

Carbamate kinase 
Carbapenems 
Carbohydrase 
Carbohydrates 
Carboligase activity 
Carbon catabolite repression 
Carbon conversion coefficient 
Carbon Intermediates 
Carbovir 

Carboxykinase 
phosphoenolpyruvate 
Carboxypeptidase A 
Cardiac muscle necrosis 
Cardiotonic 
Carotenoid 
Carrageenans 
Carrier protein 
Cassetes 

Catabolic Pathways 
Catabolic repression 
Catabolism 
Catabolite 

Catabolite activator protein - CAP 
CRP - Catabolite receptor protein 
Catabolite repression 
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dj| A" 
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aJj! o^A ■h y* 






J^dil yi 3 0 ^j2-d»s3 
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JujAo 
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r ^l 
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oUdl 1 j-i 

^ui ^ ^lLi i^-— j>\ 

oLLp 
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Catalase 


jNtiSCl 


Catalytic acitivity 


j\ i?Lsto 


Catalyze 


Cr~ j'' 


Cauliflower mosaic virus 35S 
(CaMV35S) 


Jg-~J ys^\ Jiulj yA ‘^-3 J ^ 


cDNA (Complementary DNA) 


DNA 


Cell capsule 


aJ y~~S 


Cell Culture 


A^-j^a t A^ljj 


Cell cytosmears 


Aj jiiM oL>JgJJl 


Cell density 


AijisM 43\&\ 


Cell elongation 


jJJ- ' 


cell fraction 




Cell fusion 




Cell lines 


Ajj_U- is jlag- 


Cell lysates 


AjjiiU 


Cell membrane 




Cell retention 




Cell shrinking 




Cell suspension 


jjisco 


Cell transformation 




Cell wall 




Cellobiohydrolase 




Cell-to-cell contact 




Center for drug evaluation and 
research (CDER) 


oU-cj'yi j5" ^a 


Centrifugation 


^ll JuJl t ^il i ^kJl 


Cephalosporin 




Cephalosporinase 


iOLo-jJjI 


Cephalosporium 




Cephem 
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Chain elongation 




Channel protein 




Chaperones 


jA olloj jj 


Chelators 




Chemiluminescent 


y 


Chemostat 


y>~S jl 1 aJL>- 


Chemotrypsin 




Chimaeric, chimeric 


Aj j *. j\ 0 y^S ALsPxjfc 


Chinese hamster ovary cells 


Ij^>- 


Chip 


Ailij 


Chiral 


Ul jA J^\^A y£> t(Jl 


Chitin 


j\ ^olS" 


Chitosan 


j\ 


Chlamydial 


4j jj-Xlll 


Chlorination 


Sj^isai 


Chlorotetracyclin 




Chromatin 


Cy^Jj 2 


Chromogenic 


4_j j_La Sill (J y>sSj 


Chromosome 


fyyjj 2 ~ y-y 


Chronic granulomatous disease 
(CGD) 




Chymosin 




Circular dichroism 


,jl jji <■ 


Circular DNA molecule 


y- i>- _ tSjSlj DNA <-ijyr 


Citrate 




Citrate Synthase 


pLd~«) do ydJI 


Clarification 




Clarithromycin 




Clavams 


d-uiiytsdi 


Clavolanic acid 
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Clearance 


4 JL 1 II <. l! 


Cleavage 


jJ 


Clinical chemistry 




Clinical development 


J>\ jjJl 


Clinical trials 


ji o>i jtcs-'y i 


Clonal cell line 




Clones 


c->L j\S c 


Cloning 


4j j\S (. t 


Cluster designation (CD) 




Coalescing 


^LoJbl 


Codon 


i)j2> jS — o jJLS) 


Codon bias 


a jJlS. Jl jLc>cjl 


Coefficient 




Co-factor 


-LpL-^o J-aIp 


Cohesive 




Collagen 


jiCJl 


Colloidal 


4j J j\ A-jlj ^P 


Colonies 




Colorectal cancer 




Column of Sepharose-Glutathione 


4»Lp ^^o«P 


Combination 


c ^Lo 


Combinatorial libraries 


A^J>- La -\J 1 oLlSLo 


Compartmentalization 


ol 


Complement cascade 




Complementary determining regions 
CDR (1, 2 and 3) 


J^LL-a 


Complementation 


(.Ldl j\ iLScJl 


Complementation of defect in the 
cloning host 


1 1 L^\i>- ^3 ^j/9.A > aIx^SL 


Complements 


<JLj Lo-^ojJ 1 j\ jv-iLojJl t >Jl-'L>_^ll 
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Complexity 




Computer soft ware 


jJ 


Concentration 




Confocal microscopy 


jjJl 4 j 


Conjugation 


O' j&\ 


Conjugative plasmid 




Connective tissue 




Consensus interferon 


j\ 4^_Lp 0 J 


Conservation constraints 


‘disU'xil l-L-o olXJLo 


Conservation principles 




Conserved 


({& 


Conserved strand 


a]s> ji 4_b Jj>- 


Constant 


Cj Ij 


Constitutive 


I. 


Continuous culture 


o APj^l.1 


Continuous culture 


o Aj j_*J Ja^>j 


Continuous stirred tank reactor 
(CSTR) 




Continuously stirred tanks 


O-L o ^->-1 


Control 




Controlled pore glass 


e-4 jJcJl jb A 


Conversion 




Core 


two c t jfii 


Corn steep liquor 


3 jjJl v-pl 


Coronary angioplasty 




Cortisol 




Cos Site = Cohesive ends 


COS £-5 j_**J ^J^2_U iblS A^jlj Jb\ 


Cosmid Vector 


JilJ 


Covalent binding 


j' l/j 1 -!: Jajj 


Crawn gall 


OjJcJl 
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Creutzfeldt-Jakob disease 




Critical dilution rate 




Cross-linked enzyme aggregates- 
CLEAs- 


aS y~s*A 


Cross-linked enzyme crystals- 
CLECs- 


A^ y*~***A 1 J y^>J 


Cross-linked enzymes (CLEs) 


aS y^Z*A 


Cross-linked spray-dried enzymes 
(CSDEs) 


JlO jjJL) AJlk^- aS j~S*A oLkjJjl 


Cross-linking 


k-LLL-io 


Cross-Over 


j y*s- — 


Cross-sectional area of the 
downcomer 


JjUJ ^£*0 jd\ g aI 1 A>-[^a 


Crotonase 




Crown ethers 




Crude preprations 


^vaJi AL&a djl 


Crystal protein 




Crystallisable fragment (Fc) 


(Fc 43Jl£) Ojjldil 4iJutJ! 


Crystallization 


y a_LdJl 


Crystallography 


oLjjJj ^1p 


CT-box 


CT y>yX^> 


Cultivation 




Culture collections 


dA £■ 


Curve 




Cyclic diphosphoester 


I y&-*A y2 Jajlj y2 


Cyclic peptides 




Cyclodextrins 


A*jiU~-\ 1 


Cytochemical assay 


AjL-o-^S" o^jLsca 


Cytokinins 


d«* L«* dA y*****~*] 1 


Cytoplasic membrane 


f-LisP 


Cytoplasm 


^dvvJl 
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Cytosine 

Cytosole 

Cytostatic 

Dairy animals 

D-amino-acids 

Daptomycin 

Darwanian optimization algorithm 

Data bases 

Daughter cell 

Deacetylated 

Deactivation 

Decane 

Decarboxilase 

Decoded 

Deep vein thrombosis 

Degenerate 

Degree of reduction 

Dehydrgenase 

Delayed release feature 

Deletion 

Denaturant 

Denaturation 

Dendritic cells 

Denitrification 

Denitrifying growth system 

Deoxynucleotide triphosphates 

Depsipeptide 

Derived 

Dermatophytes 




J— aJ — ji j\ 



Cj^-J 









i i ) 

Aj J_L^- i j 
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Detection system 

Detergent 

Diagnostic agents 

Diagnostics 

Dialysis 

Diauxic growth 

Diazo 

Diazotization 
Dielectric constant 
Dienes 

Differential Controller proportional 
integral 

Differential equation 

Differential Interference Contrast 

Differentiation 

Digoxygenin 

Dihydroxyacetone 

Diisocyanates 

Dilution rate 

Dimer 

Dimethyl sulfoxide 

Dimorphism 

Diols 

Dioxygenase 
Diphtheria vaccine 
Diploid 

Direct gene transfer by particle 
bombardment 

Directed evolution technology 



t --'...C I pUaj 




eh C' I (J yp OjLj 

CIjCjI jJl 

ehdl Jelihll >^J.I 



0 



Li 



‘Ch/elf J 







JjiljJl 
Lj s wXj i 



4j>- J Ja^Jl 



‘CjJlj 
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Directed or hybrid biosynthesis 
Dissociation 
Dissociation constant 
Dissolved oxygen tension 
Disulphide bond 
Diterpenes 

Diversity segment/D-segment 

DNA array technology 

DNA Cloning 

DNA fragment 

DNA hybridization 

DNA Labeling 

DNA libraries 

DNA polymerase 

DNA probe 

DNA repair mechanism 

DNA Sequencing 

DNA shuffling 

DNA taq polymerase 

Domains 

Donors 

Dormant phase (G 0 phase) 

Double cross-over 

Double cross-over recombination 

Double cross-over recombination for 

allele replacement recombination 

Double index 

Double stranded 

Doubling time 

Down pumping hydrofoil 



^g-y^J.1 4g-^yJl ^dygy! I 

Jl A 4 ^juJuAl jjlyggjl 

(jLygjljbfl d-glj — ylLpyJl d— J Lj 
y-gljll jl ^Jg-dl Jj 

-Lyihy Lsb dajl j 



Ljbbl djho yJl 
D — Agdagil /^-^dJl AgdaJ 
DNA Jl djlij 

DNA Jl j-LdJ 
DNA i. DNA 4 DNA diad 
DNA Jl 
DNA Jl 
DNA Jl oUSL 
DNA Jl ^jjl 

DNAJl^^f j\ 

DNA _J dhp 

DNA Jl iLJLJ - DNA Jl Ujj 

^ J«UdljlDNAJl JgJj>- 
ilb DNA Jl jlj~*J jj pjy! 

, " jl c l Us 



d- 1 1.- 1 1 j Jg 

jr jsj* lS' (jgbl 4_JUaj j I jj~t- 

(Tj* y 0 j-y') ^ybgLj 4-^ib 

Si jii I JljLdd-N ^Jgjil ^LiJl 4_y_iUll 



y.yj i&y- 
dLjAl 

CdpLygjJl 4 dSj 



(JL* 1 £Cyg I 



■IS iob ydlili 



J 
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Downcomer 


J)UI 


Downstream 


^3 — (o3 <JIj) jJjLj 

Cfy 3 


Downstream processing 


oU-L 1 oLU^Jl 


Doxycyclin 


—XJ 1 


Draw back 


>L>c_~ol 


Drosophila melanogaster 


JiM iLS 


Dry weight 


j jj 


Dyes 


I 


Ecologically sensitive 




Ectopic 




Effector functions 




Effectors of the immune system 


^Lil 


electrical gradient 




Electrode 


^_Jai 


Electrofusion techniques 


4*j Lj J 1 ^ i vJlJ LjjJj 


Electron donor 


Oj 


Electron transport chain 




Electron transport-coupled 
phosphorylation System = ETP 


o Jil <l)j Jliul ^llaj 


Electrophoresis 


^jLi J\ t *LjIj o 


Electroporation 




Elemental analysis 


jjMi j-UJi 


Elicitor 




ELISA 


A-Lyglll Ixll 


Ellipse 




Embryonic stem cells 




Empirical 


*A~_) 


Emulsion 




Enantiomer 


Aol APjL/2_a 
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Enantiomers resolution 

Encapsulated 

Encoding 

Endogenous metabolism 
Endogenous respiration 
Endoglucanase 
Endonuclease Mapping 
Endonucleases 

Endopeptidase 

Endoplasmic reticulum 

Endosomal vesicales 

Endothermic 

Energy currency 

Energy dissipation 

energy yielding 

Engineering genes 

Enrichment techniques 

Enterobacteria 

Enterococcus 

Enthalpy 

Entities 

Entrainers 

Entropy 

Enzyme assay or immunodetection 
Enzymetic deamination 
Ephedrine 

Epidermal growth factor 
Epithelia cells 
Epitopes 



Ayjl ^il djLS" jA 

jhtS" daj j>- p— "j 



(jhlS* 

( AJj>-b 

aJhf I I 

A^AjjjJ, J1 1 

AilUi Axty j] Ojl ^>dj - 

(f 4i UaU 4j Jjad I a1_^x<J I J) 
AiUaJl 5y>j 
diUaJJ o j Ax-Cda 

aJ^IjJI bjdSJl 

Aj jxdl oj i5dl 

— ‘dU-ljJl dillaJl 
djU^d5" 
djl^LJl j\ cj^Uil 
ujj — 

1 *)1 I 4P 

o I J^olp 
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Epoxy resins 




Erlenmayer flask 




Erythromycin 




Erythropoietin 




Essential oils 




Expressed Sequence tag= EST 


o ^1*11 s jLil 


Esterase 




Ethane g 


j ^ ijiA! 


Ethanol 


(J 


Ethylene glycol 




Eubacteria 


^JLJ3S>- L) 


Eugenics 


i? JAV2 Jl 


Eukaryolic cells = eukaryotes 


aJLJL>- Si jj L>^>- 


European agency for the evaluation 
of medical products (EMEA) 


^-.-.igii iojjj'y i ais jJi 


European inventory of exiting 
commercial substances (EINECS) 


iojjj'y i s jii i) jipxiJi ^ijii $ j>- Aojii 


Evolutionary mechanisms 


jjkJi AAj <JT 


Excipients 




Excision 


(J Lyi 1 ^lla 1 


Exogenous 




Exon 


O^-***^' j 


Exopeptidase 


cu^-jlS*- jl L oj^j 1 


Exothermic 


°jA lA 


Expendase 




Experimental system 




Explant 


t^i 11 


Exponential phase 


^1 j\ l-yg^ll j ^JaJl 


Expression 


^dl 


Expression cassette 


o~-15 
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Expression cloning 
Expression vector 
Extension 
Extracellular 
Extrachromosomal 
Extremophiles 
Extrusion 
F pilus 
FI hybrid 

Facilitated transport 
Facultative anaerobe 
Fatty acids 

Fatty acyl triester glycerol 
Fatty acyl-CoA dehydrogenase 
Fatty acyl-CoA esters 
Fatty acyl-CoA Oxidase 
Fatty acyl-CoA Synthase 
Fc receptor 
Fc region 
Feasibility 
Fed-batch culture 
Fed-batch feeding 

Federal Drug administration (FDA) 

Feed back 

Feedback inhibition 

Feedstock 

Femtograms 

Fermentation 

Fibre wet-spinning 

Fibrin 



Aj j Aj^XS" t ^ h 

o aJUpI 

(*j — if 
43 i j]al] A^>dl oLjISCJI 

^k.Jl CL«>I 
JjVl 

S±~~° 

4jjLs1>-I *L j\ 

I (Jj \S ^ 

A jS y iyjjXy 

A. jS I J-^5" yj I 
A jS 

Fc & 0 jjJuil 43.A**Jl 

jjIJJ JjUII >yL\ 
aJjULJI 

oljjJ.1 \s- j'ja 
^J-P AjJJcJI 
f-ijjji Sjbi 



jf aJjAM^II 
^yLiil v — J2 

if.y 
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Fibroblast 
Filamentous fungi 
Filarial 
Filtration 
Fine chemicals 
Finger print 
First order 

First-order differential equation 

Flavin 

Flavonoids 

Flocculation 

Flouroquinolones 

Flow cytometry 

Flow diagram 

Flow rate 

Fluid dynamic modeling 

Fluid granulation towers 

Fluid mechanical stress 

Fluidized bed 

Fluorescent 

Fluorescent dye 

Fluorimeter 

Fluorogenic 

Flux 

Foldases 

Folding 

Follicle stimulatory hormone 
Food additives 
Food allergies 
Food irradiation 



4^ JJ*)1 1 

4 . 1 ? .■>- C-> 1 ) 

‘■£r“s 

aJUjJI oLjU-iG! 



JjMl 

\j ^ I 

^ jiii-l <. a_jJL> 

0 L> jA-l (J-Ajco 

a!jL>i d_>- J_4>j jj 

Jsl ^-wil s ^1 Jj) 

AjI j^vJl «uS1o15wj A^-lj obl^-| 

JLA\ 

j ^3 4 %. ./7 a 

A*_**<j aAs A Z^+Jsjs (jl jJl j\ 

ij jiiil ^Ls jl^*- 

o j j\j£jo 

JsJcJl 

c_3 IaA "AJ oLojJjI 

k—slAAl — A Jajl 
t o ^>AJ (1) yoj 

Aul jjJl O li Ug 1 ' 
A AjJl jl ^A*»jA 
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IjjJl 0 aJLS J 



Food Standard Agency 
Formaldehyde 
Formamide 
Formate 

Formate dehydrogenase 
Formation 
Formic acid 
Formulation 

Formyl- tetrahydrofolate synthase 

Forward angle light scatter (FALS) 

Forward reaction 

Fouling flims 

Fraction 

Fragmentation 

Fragments 

Frame shift 

Framework regions 

Free flowing powders 

Free medium 

Free suspensions 

Free-energy reduction 

Frequency of transcription initiation 

Fresh medium 

Fructose 1,6-bisphosphatase 

Fuelling reaction 

Fumarase 

Fumarate 

Fumaric acid 



iAj oj 

<y° 

I cJLwi.' C 

O-Jji JZj J ji ^1- yg .J 

A^oLo| Ajjljj P yjs I' OJLJo 

j*uji 

4^ ^dl I 

j! p^>- t 3 

>» .4 J C ( jAMk^l ^ ^ 

LjUaJi t p|j^>-l c 
op I ji] I jllal ^3 

4jLviia 

JUU) >1 

o ^-1 



iUaJl 



^C-vvjJ' 












J J t 




Function 

Functional 
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Functional cross-reactions 
Functional domain 
Fungal transformation 
Fungi 

Fungioststic agents 
Fusion construct 
Fusion proteins 
Fusion tail 
Fv fragments 
G1 phase 

G3P Glyceraldehyde 3-phosphate 
Galactanases 

Gas chromatography (GC) 

Gelatin 

Gelatinisation 

Gellan 

Gene 

Gene cloning 

Gene clusters 

Gene disruption 

Gene expression 

Gene expression patterns 

Gene fusion 

Gene library 

Gene linkage 

Gene silencing 

Gene therapy 

Gene transfer 

Generally recognized as safe (GRAS) 
Generation time 



aJpUJI 

cijLj j \ sa ] I 

APf-LaJjl AJu 

Fv 

3 1^— aJ I 

jbhTillp 

ajjUJI Lil 

^SU-I 

^\jt d) a_L$_p 

dbU-l 
dj jy j' Urr 

-La 3 llP 

JO* 

Ja«^j 

<u^il 
^1 JpLjNI 
I I 

oLJ^-l JJiJ 
^»Ip L^. L« l_> c_9 

J^T 1 j ** 
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Generic antibiotics 
Genethics 
Genetic code 

Genetic complementation 
Genetic databases 
Genetic Engineering 
Genetic manipulation 
Genetic modification 
Genetic recombination 
Geneticaly modified organisms 
Genetics 
Genome 

Genome management and analysis 

Genome sequence 

Genomic 

Genomic and Gene libraries 
Genomic libraries 
Genotype/Genotypic 
Germ-line 

Germ-line gene therapy 

Gibbs energy dissipation 
Glcolysis 

Global carbon cycle 
Global worming 
Globular domain 
Globular protein 
Glucans 
Glucoamylase 
Glucocarticoids 



fid I j\ iU£Jl 

Loljj aJ objlS” 
4 jI jjJI Ip 

A-JiM ^3 ioljjJl oLo — ^ 

aLL £ j ^ j^i-! j+jSj 

i y\£S\jJ r \ 

PjLp^A A^JL 

oLxSva 

^jljj j\ jg-o-J — A^J>- Aj Jjlis 

5 jjJI Ja>- C Aj ylSi j\ A^~»Jj>- L.*^- 

j-o_j J-"*-* ^j L>^V iM j^J-P ^^-P 

aJjI 

JLp AillaJl 
A^j j^Jl (1) jJjSvJl 

^SvJl 

CfJS. 

j5 

Aj j5wJ! iol jJLfiJl oLS" ^11 
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Gluconate 




Gluconeogenesis 


jS ^jXp j^>- ‘UXo S' 


Gluconic acid 


XXo jS jlS 


Glucose -6- phosphate 


j-* Cjyrjj-^r4^> Jo-* (WjJI 


dehydrogenase 


jXJI~6 j jS jXiJI 


Glucose 6-phosphaste 


^3 6 J jS ^jXp 


Glucose-6-phsphate isomerase 


ji — 6 j jS jXjJl jl 


Glutamate 


oLo li jXp 


Glutamine 


Ij ^Xp 


Glutaraldehyde 


»aJ 1 Ij ^Xp 


Glutaryl cephalosporins 


objj jlj ^Xp 


Glutathione 


Ij^Xp 


Glutathione-S-Transferase 


jj! ji~ S — o Ij ^Xp 


Glycan 


Ot$\j*Xp - 


Glyceraldehyde 3 phosphate 


j £— 3 


Glyceraldehyde 3-phosphate 


-^l^jJl^-~X_p j-p 


dehydrogenase 




Glycerol 




Glycobiology 


X>- Lj>- jJ 


Glycobiotechnology 


4^-j^j^XJl Xj-sX-l XjLiJI 


Glycohydrolase 


j ^ j j *Xp 


Glycol proteins 


oLo J jj 


Glycolysis 


— jjSj\X]\ ^X^- 


Glycolytic flux 


1 . jX.^- ^^ 3 te\j 


Glycopeptides 


aj ol-UUo 


Glycoproteins 


0>l j ~L_& jjjIS" — 4j — ^_y>J 

jXl 


Glycosyl transferase 


Jjj^Ssj*X*J! jl ^sJl~ol 


Glycosylation 


Ail_v£j| c oL Ja_jj & aJ j_SX~ J l 
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Glycosyltransferases 
Glycosynthases 
Glyoxylate 
Glyoxylate bypass 
GM microorganisms 
Golgi body 

Good manifacturing practice 

Gout 

Gradient 

Gram-negative 

Gram-positive 

Granularity 

Granulocytes- colony stimulating 
factor 

Graphite 

Gravitational acceleration 
Green fluorescent protein 

Green replacements 

Grid and parallel processing 

Griseofulvin 

Growth connected products 

Growth rate 

Guanine 

H 2 S 

Haemolytic disease of the newborn 
(HDN) 

Haemophilus 

Haemotopoetic growth factors 
Hairy cell leukemia 



Lfljj b djLjLS" 



jjJl 



oL j£J\ J^bJl 

c-jlil >1 

J -.rfg.?-' L J-Jojb- I OJ jJujJl J j_«j! 

j\ j I ~ £~~* 

f -\ I 
aj jl I 

J/Ull jjJl 

clL/ 2^0 

as- 



tltrT 

j)\ 

I ‘WjALvJ.I 
LtAiM ly^JLa 1^*5" jJ 
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Hairy roots 

Half-inactivation 

Half-life 

Halogenations 

Halophiles 

Haploid 

Hapten 

Harsh chemicals 
HC1 

Heavy chain 

Hemophilia 

Hepatitis B 

Hepatitis viruses 

Herbicide 

Heterocyclic amine 

Heterogeneous 

Heterologous 

Heterotrophic 

Hexadecane 

Hexokinase 

Hexose monophosphate shunt 
High frequency = Hfr 
High throughput technologies 
High value proteins 
Higher eukaryotes 
Higher-order aggregates 
High-shear impellers 
High-throughput screening 
Histidine 

Histidinol dehydrogenase 



Aj JJ JLbl 

1 1 aJi*jsJi sjc 

* a^aj 

. ./? 1 1 AP 

uji /idUci oLjU-sdi 

5JL2JJI 
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B {y* JuS^Jl v— 

i oiwLwo 
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t j\ 

4_j P ^0 ^|p 
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jjjJl (_s.sU- 1 

JLp jj 
(JUJl jijJl oli oLi“ 
<LJLp 

ol jjJl 4_JUU- <Lsl jJl 
otAiScJl ol>j: 

JUJI oUib 

aJLp 
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Histones 

HIV 

Hollow fiber 
Hollow fibre reactor 
Homologous 

Homologous recombination 

Homology 

Hops 

Hornblend 

Host 

HPLC 

Human body fluids 
Human embryonic kidney 
Human Genome Project 
Human growth hormone 
Human serum albumin 
Humanised antibodies 
Hybridisation 
Hybridoma cells 
Hydostatic 
Hydrocarbons 
Hydrodynamic 
Hydrofoil 
Hydrogel 

Hydrogen peroxide 

Hydrolase 

Hydrolysis 

Hydrophilic 

Hydrophilicity 



Ij t C - -fc 

. - , < 1 1 Aphll ^j/7 a*J J 

I oUVl 

J\ JJUdl J\ 

4j Ltd I 






4JUJI 4 JL 5 L-JI 

JaXviJl ob Li I jivJl 

Obwvj'yi Jjl 

Aj jZ*j 

iS (* J~rT^ r~* 

^ ^ .- t . J I 

J^ll JNj 

‘ C-wbya < bw&A 



u^L>- 

jjly ) 

^ y.jfi j' 

,LdJ 
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Hydrophobcity 


(cO jb) e-lil o jS 


Hydrophobic 


ojlS” 


Hydroxyl 




Hydroxylate 




Hydroxymuconic semi aldehyde 


-LiLp-Aj'yi »«ilj jS jj*xAjb 


Hygromycin 


Lo j La 


Hyperbolic 


Jg jAa 


Hyperglycosylation 


AP AiLygb j\ aJ 


Hyper-thermophilic 


1 Jb>- AaAj j\.\ Ojl ol> jjj 


Hyper-variability 


jg jAA jsAJ 


Hyphae 


C>Lw 2J Jl 


Hyphal 


Jg aJU- 


Idiophase 


tj 4_L>- 


Immobilization 


a5 *X~Aj 


Immune complex 


AP-Lil 


Immune donor 


ApU-a ^jLo 


Immune functions 


Aphi! 


Immune response 


a^pLIi AjLsx^^^yi 


Immune system has checks and 
controls 


Jg.-ygj jj jS\ jA ApLil jLg_g- 


Immunisation 


Cr^ 


Immunoadhesins 


<UpLII OU-yg^Ul 


Immunochemical 


aJL^SGI apLLI 


Immunocyto chemistry 


«upbll aj aJj>-l p-Lvo»^J! 


Immunodiffusion reactions 


^^pLLI jLiijMl ^jaj o^UU; 


Immunogenicity 
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Immunoglobulin 


apIjJ«I ^ip ^ ^ip 


Immunometric assays 


«Upb*a ^Li oI^juco 


Immunoprecipitation 




Immunosuppress 


^Lil oJdl 
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Immunotoxins. 

Impeller 

Impregnation of a porous support 
Improper folding 
In silico analysis 
In situ 
In vitro 

In vitro packaging 
In vivo 

Inclusion bodies 

Incubate 

Index 

Indicator 

Induce 

Inducible promoter 

Inert 

Infection 

Infectious agents 

Infectious diseases 

Inflection point 

Inflow 

In-frame 

Infused 

Inherently 

Inhibitor 

Inhomogeneity 

Initial 

Inlet flow rate 
Inlet medium 
Inoculation 
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Input 


J^l 


Insertion mutation 


Ol jJLb 


Insertional Inactivation 


DNA <L*Ja_s j*jl Jg.lll 

j 1 


Inserts 


c oL>j»u 


In-silico analysis 


8 j\ <«jLo ^>>1 jJl JJ 


Insulin-like growth factor-I 


/j-J L) 1 1 ^J»alp 


Integrase (Int) 


ji ^jjji 


Integration Vectors 




Integrative transformations 


^^-LaJj^/l y>d)\ 


Intercept 




Inter-esterification 


o 1 


Interfacial phenomenon 


tl) o 


Interferences 


( 


Interferon 




Interleukin (IL) 




Intermediate 




Intermediate compound 




intermediate precursors 




Intracellular 


J ^ 1 - 5 


Intron 


jjycl 


In-vitro cloning 


^U-j3l j\ t. ’ ^o'yi ^L-Cul 


Ion 


OjjI 


Ion exchangers 


iojjl 


Ionization 




Ionotropic gel 


viXuj jj 


Irreversible 




Isocitrate 


oC-o 1 4mwi 


Isocitrate dehydrogenase 
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Isocitrate lyase 
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Isoelectric point 
Isolates 
Isomerase 
Isomerization 
Isooctane 
Isopeptide bond 
Istaxanthin 
Itaconic acid 

Jacket side fouling film heat transfer 
coefficient 

Japanese encephalitis 
J-chain (joining chain) 

J-segment 

Kanamycin 

Kilo base pair (kbs) 

Keratin 

Kinase 

Kinetic assay 

Kinetic expressions 

Kinetic modeling of Cell Growth 

Kinetics 

Km 

Knock-out 
L- Aspartic acid 
Labeled 

Labeled DNA or RNA probes 
Labelled probe 

Laboratory containment conditions 

Lactams 

Lactate 
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Lactating animals 


ibU-l C^UI yj~\ 


Lactic acid 




Lactic acid bacteria 


LiJJI 


Lacton 




Lactose 


jP'i 


Lag phase 


4j>-l ^J| j 


Lanthionines 




Lattice entrapment 




Leavening 




Legionella 


AJiJuiJl 


Lepidopteran 


1 AjA^P 


Leukemia 


L^5 


Levofloacin 


1 


Ligand 


Jajlj c J>-\ 


Ligase 


jUcJ c DNA. Jl 1 


Light chain 




Light detection 


?. j-vaJi 


Light microscope 




Light-dark cycle 




Lignan 




Lignin 




Limiting substrate 


<OJj>dl A^l Oilil 


Linear correlation 




Linear growth rate 




Linear polypeptide 


«uLj>- 0>!~LJLo 


Linear rate equations 


A.Jg.cM 


Linear regression 


jLv^’xj'yi 


Linear relation 


AJai>- AjS*>lp 


Linearised 




Linkage 


iLjNl 
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Linkage group 


JssLojI 4P 


Lipase 


jU 


Lipid bilayer systems 




Lipoproteins 


1 objj 1 


Liposomes 


A*_a OL i jS 


Liquefaction 




Liquid inlet jets 


JjLJI (J ^>o vJiAljLijj 


Liquor 
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Lithium acetate 


^ 1 


Localized expression 




Logistic law 


^kll tj 


Long chain alkanes 


a_L a_L^_L^*i 1 


Low-shear impellers 


^jJ?a>zA\ ota oLsoIjJ! 


Lubricants 




Luciferase 


j' (HlP' 


Luminometry 




Lump 


AjJj 


Lycopene 
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Lyme disease vaccine 




Lymphocytes 


tJlA Ij ^ Lfl-o-JJ 1 


Lyophilised 




Lysis 




Lysogenic cycle 


A AjLL>- j\ oU aJL>- 


Lysozyme 


pi'j Jj) 


Lysyl residues 


JijJJl oVLi 


Lytic cycle 


aJLL>- 


Lytic nature 


aJLX-I AjcJaJl 


Lytic phase 




Maceration 


C 0 i C A«*Xq»P 


Macrolides 


oIjJ j 
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Macromolecules 
Macronutreints 
Macrophages 
Maintenance coefficient 

Maintenance coefficient of 
compound «i» 

Malate 

Malate dehydrogenase 

Malate Synthase 

Malic acid 

Malonate 

Malted barely 

Mannans 

Mannases 

Mannitol 

Mannosides 

Marker 

Marker gene 

Mash treatment 

Mass balances 

Mass Balances for ideal bioreactors 
Mass spcetrometry 
Mass transfer coefficient 
Master cell bank hierarchy 
Master frozen culture 
Mathematical models 
Matrix 
Measles 

Measuring yields 
Mechanistic 
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Mediated 


4^L<j*P ^5 .Ap LvmJ COwLpL— vvqo 


Mediator 


Ua»w»» 


Mega-plasmids 




Meiosis 




Meiotic recombination 




Membrane reactor 


p-LiJjl ^pL &a 


Membrane-bound surface 
immunoglobulin 


Jb JJ jA ^>r.l yl 


Mesophilic organisms 


SjI y>t JJ «u>dl oblS^JI 


Messenger RNA 


<J y*Aj RNA 


Metabolic bottle neck 




Metabolic engineering 


cL-vfijVl 


Metabolic fingerprinting 




Metabolic Flux 




Metabolism 


^aj'y 1 oLLo-P 


Metabolites 


1 oL ><£*aj oLS" jA 


Metabolome 


^ y> 


Metabolomics 


jjIx»vO t ^ jJ J jbull 


Metal chelate chromatography 
material 


Lil j£- jjLaj ^S” yA 


Metastasis 


A^ajj oN Lilo 1 


Methanogenic bacteria 


0 ojJ yA 


Methanogens 


iJUp 


Methanol 


(J 


Methicillin 




Methyl 


JA* 


Methyl ester 


y^*A^l 1 


Methyl tertiary butyl ether 




MHC class I and class II 


(J_sl j_lJl oL5 ^j—o II v ajs-s^-ll j I e-A-X.-s/gJl 
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Micelles 

Micobiota 

Micro organ 

Micro scale 

Microalgae 

Microarray 

Microbial Cultures 

Microbial process 

Microbiology 

Microcarrier 

Microencapsulation 

Microenvronment 

Microfabrication 

Micromanipulation 

Micronutrients 

Microprojectile bombardment 
Microtiter plate 
Microtubular structure 
Microtubulin 
Mid-gut cells 
Mild conditions 

Minimizing the sum of squared errors 
Mis-folded 

Mismatch repair system 
Mismatched blood transfusion 
Mitochondria 
Mitotic division 
Mobilisable plasmids 
mob jlMobilization genes 
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Model 

Model’s complexity 
Modeling cycle 
Modeling exercise 
Modification enzymes 
Molar absorption coefficient 
Molar growth yield 
Molar ratio 
Molasses 

Molecular biology 
Molecular genetics 
Molecular size markers 
Molecular weight marker 
Mono or dioxygenases 
Monobactams 
Monoclonal antibody 
Monogastric animals 
Monomers 
Monosaccharide 
Monoterpenes 
Monoxygenase 
Morphogenesis 
Morphology 

Multicellular organism cloning 
Multi-enzyme complexes 
Multi-meric 
Multi-phase 

Multiple antigen-binding sites 
Multiple donning site (MCS) 
Multiple nuclear polyhyrosis virus 
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Multiplicity of infection 


i^jIpLsAj 


Multi-variant analysis 


ol jJci\ 


Mumps 


jjI 


Muscat grape 


t 1 1 , • . • 1 1 


Mutant complementation 


aLo-Svj ^\Sj 


Mutant isolation 


ol jiUaJi JjP- 


Muteins 
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Ajy-^-l 


Mycelium 


Lo 


Mycoplasma genitalium 


^ Lo 


Mycoplasmals 


olj 


Myeloma 




Myelosuppression 




Myxococcus xanthus 


yS y* 


N-acetyl glucosamine 




NADPH 
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n-alcane liquid 


AjL>< — n 


Naphthalene 


^J&UI 


Naproxen 




Narrow spectrum 




Native state 


A^x^Jb A^Ly) aLv^U- 


Natural Gene Transfer 


A^x^Jb ^JJL L? 


Natural recombination 


i yy]a}\ 


Natural selection 


^jCwJaJl plio'yi 


Naturation 


4»J»v£>'y! \^Lx~Jb 


Necrosis 


3^1 


Negative selection System 


A>> ybl^a 


Neisseria meningetidis 


‘UjI>e-wJ| Aj 


Nematode 
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Neomycin 

Nested primers 

Net formation rate 

Neurosporene 

Neutropenia 

Neutrophils 

Newtonian 

n-glcosylation 

Niacinamide 

Nickel 

Nicotinamide 

Nicotinamide adenine dinucleotide 

Nisin 

Nitralase 

Nitrate 

Nitrilo triacetic acid-NTA 
Nitrite 

Nitrocellulose 

Nitrosoguanidine 

N-linked 

NMR 

Non encapsulated 
Non-aqueous solvents 
Non-co valent 
Non-hodgkins lymphoma 
Non-ionic detergent 
Non-limiting rate 
Non-ribosomal synthetic pathway 
Non-segregated 

Non-steroidal anti-inflamatory drug 
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Normal chemical rate constant 




normalize 


4j 


Northern blotting 


®<J yJJJJ ‘Ufc.yg.J )) 


N-terminal Signal peptide 


N v 3 Jb ojLJM 


N-terminus 




Nuclease 


jL-lSyu 


Nucleases 


yj ~ (Sj ^Jl o>L<»j^jI 


Nucleic acids 


AjJ JJ 


Nucleocapsid 


ol yo 


Nucleoid 


Ju y\£ y> 


Nucleophilic 




Nucleoprotein complexes 


4JJJJ 


Nucleosides 


0>I^AjIj ^jJl 


Nucleosomes 


^ y^ y^^ 


Nucleotide 




Nucleotide bases 




Nucleotide diphosphate kinase 


jjjJl Jul; y^s y> o 


Nucleotide sequence 


<j-LJ UJuJl 


Nylon 


ij 


Obligate bacterial parasites 


1 o L> 


Observed yield 




Occlusion bodies 




Off-rate 


^Jwyg.flJl (Jj-SCO 


Ofloxacin butyl ester 


i JjW) ' S' j_Ujl 


O-glycosylation 


L) j j^sj 1 i?Ljjl 


Oligonucleotide 
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Oligonucleotide-directed 

mutagenesis 
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Oligosaccharides 


JjjlSwJl ot^-vls 
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On-rate 

Open reading frame (ORF) 

Operation of bioprocess 

Operator gene 

Operon 

Optical density 

Optimazation 

Optimize 

Order 

Organelles 

Organic acids 

Organic supplements 

Origin (of x, y-axis) 

Origin of replication 
Origin of transfer = OriT 
Origin ori 

Original single-site affinity 
Orotidine-5’ phosphate 
decarboxylase 

Oscillating electric field 
Osmolarity 
Osmotic pressure 
Osmotic shock 
Osmotic stabilizer 
Outflow 
Outlet 
Outlet flow 

Outlet medium flow rate 

Output 

Overhangs 






^yJl3 oh Ji 

Aj y^~\ AAj 

J-cisS/l J-4 ^jLo^/1 ^3 ^jaJl y 

a1L>i 

aJ j i (yyy) 

cpI 

Aj yjzZ' LsM 

Aj CP 0 u/j A 

(J^Vl j\ jS jil tki) J^,Sll cyJ jil 

P-Aplygdl aJj ^3 ya 

£3 yo 

AApLdl aJj aL?Aj 
a^-lj £3 yo laj ^jlJ a~Lp?0M aaJO/I 

— SOh^-II aJI jl 

CpLd-w> 43 

^r'bj-bp ( _yU J 4S' J-b- 
Id I 

^-yg.1.11 Ja_*_4jC3 
4poJ^2j| 
O-aI* 

(T>bl ^ jl^l 

^3 Ob (J-Otp 

ish di ^>\ 



5 ’ Ort-V-SJj’ Or* , 



1184 






Overlapping 
Oxa cephams 
Oxalate 
Oxaloacetate 
Oxazolidinones 
Oxidalive stress 
Oxidant, oxidizing 
Oxidase 

Oxidative conversion 
Oxidative phosphorylation 
Oxo-functonality 
Oxogluconate dehydrogenase 
Oxphos 

Oxygen transfer 

Oxygenases 

Oxygenated 

Oxygenation 

Oxytetracyclin 

Packed bed reactors 

Packing 

Palindromic 

Papain 

Parameter 

Parameter estimation 
Parameters 
Parent antibiotics 
Parent cell 
Parental myeloma 
Particle 



dJ la I ^ J I 

o.h'lySji 

dj Ld*i 1 I yS" j 1 
djU jjjddjjIyS'j'yi 

0 S' y/- v 1 

5" 

0 o_d~ S’Ml dJ^U-Uj 
OXO ji I diS/l 

0 S-d-S^I *dL OS' 
Jldjl 

djLkjjji 

jl£l 

^JSbU 

^ Ji.\ dJ^tf-lhs 



i — j jddJ Lj 



^LUl 



^oUll 

J^Vl ijJ-l obUll 
r Sll dhLI 

4j ^J^/l ‘df'lidJl ‘dajjJl Li^td-I 



1185 



Partition coefficient 
Passaging 
Passenger DNA 
Passive diffusion 
Passive immunity 
Patho mechanisms 
Pathways engineering 
PCR 
Peak 

Pectinases 

penam 

Penicillin acylases 
Penicillins 

Penicillium chrysogenum 
Pentamer 

Pentose C 5 Phosphates 
Pentose phosphate »shunt» 
Pentose phosphate cycle 
Pentose phosphate pathway 
Peptidoglycan 
Perfusion cultures 
Peripheral blood 
Periplasmic space 
Permeabilised cells 
Permeabilization 
Permeable 
Peroxidase/ Catalase 
Peroxidases 
Peroxisome 
pH gradient 
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Phage display libraries 

Phagemid vectors 

Phagocytes 

Pharmaceutical 

Pharmaceutical industry 

Pharmacokinetics 

Pharmacophores 

Pharming 

Phase contrast 

pH-controlling agent 

Phenanthrene 

Phenotype 

Phenoxy acetic acid 

Phenyl acetic acid 

Phenyl ethyl alcohol 

Phenylalanine 

Phenylpropanoid 

Phleomycin 

Phosphatase 

Phospho Fructokinase 

Phosphodiester 

Phosphoenol pyruvate 

Phosphoenol pyruvate dehydratase 

Phosphoenolpyruvate carboxykinase 

Phosphofructokinase 

Phosphogluconate dehydaratase 

Phosphogluconate dehydrogenase 

Phosphoglycero mutase 

Phosphoglycerol kinase 

Phosphorylated 
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Phosphorylation 

Phosphotyrosyl 

bioreactors-Photo 

Photolithography 

Photoutotroph 

Phylogenetic relation-ships 

Physical map 

Physiology 

Phy to alexins 

Phytoanticipins 

Pi(Inorganic Phosphate) 

Picoline 

Piezophiles 

Pilot- plant 

Pipetting 

Pituitary tumour 

Plant breeding 

Plant tissue culture 

Plant wastes 

Plaque forming unit 

Plasma 

plasma resonance 
Plasmid 

Plasminogen activator mutein 

Platelets 

Ploidy 

Plug flow 

Plug flow reactor (PFR) 

Pneumonia 

Point mutation 
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Polarity 

Pollinators 

Polluters 

Poly A mRNA tail 
Poly unsaturated 
Polyacetic acid 
Polyacrylate 
Polyactide-polyglycolide 
Polyadenylation 
Polyclonal antisera 

polycyclic aromatic hydrocarbons 
(PAH) 

Polyenes 

Polyethylene glycol (PEG) 

polyhydrosis 

Polyketides 

Polypeptide 

Polyphenols 

Polyploidy 

Polysaccharides 

Polysaccharides 

Polyunsaturated 

polyunsaturated fatty acids 

Polyurethane 

Poly-butyrate 

Pooled blood products 

Population 

porous 

Porphyrins 

Positive effector 
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Post recovery processing 
Post-transcriptional modifications 
Potency 

clinical studies-Pre 

Precursors 

Pre-mix 

Primary screening 

Primary transcript 

Primate neural 

Primer extension analysis 

Primer oligonucleotides 

Primers 

Prions 

Pro insulin 

Probability 

Probes 

Prochem 

Procursor metabolites 

Product formation kinetics 

Productivity 

Products 

Profile 

Programmed cell death 

Pro-inflammatory mediator 

Prokaryotic 

Proline 

Promoter 

Proofreading 

Propane g 

Propanediol 
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Propanoic acid 

Propanol 

Prophage 

Propionate 

Propionibacterium 

Propionic 

Propodium iodide 

Proportional 

Pro-sequence 

Protease/proteolytic enzyme 

Protein aggregation 

Protein carriers 

Protein fusion 

Protein kinase 

Protein sequencing 

Protein-DNA binding assays 

Protein-encoding genes 

Proteolysis 

Proteolytic fragment 

Proteome 

Proteomic 

Protocol 

Proton motive force (PMF) 

Protoplast 

Pseudogene 

Pseudoplastic fluids 

Psychrophilic 

Pulp 

Pulse naturtion 

Pulsed-field gel electrophoresis (PFGE) 
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Pumice stone 

Purines 

Purity 

PutativeProtein 
Pyranoses 
Pyrimidine 
Pyrophosphate PPi 
Pyrovate 

Pyruvate carboxylase 
Pyruvate dehaydrogenase 
Pyruvate kinase 
Pyruvate-formate lyase 
Pyruvic acid 
Racemic 

Radial flow rushton turbines 
Radioactivity 
Radioimmunoassays 
Radiolabelled 

Randomly amplified polymorphic 
DNA (RAPD) 

Range 

Rate 

Rate equations 
Rate limiting 
Rate-limiting step 
Reactants 
Reactive reagents 
Reactor-adapted membranes 
Reading frame 
Reagents 
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Real time PCR (RT-PCR) 

Real-time information 

Receptor 

Recessive 

Reciprocal 

Recircularisation 

Reckettisial infections 

Recombinant 

Recombinant DNA 

Recombination 

Recovery 

Redox 

Redox half reaction 

Reducing 

Reducing power 

Re duct ant 

Reductase 

Reduction 

Redundant codons 

Reference compounds 

Refraction properties 

Regenerative medicine 

Regime analysis 

Regioselectivity 

Regulatory and safety aspects 

Regulatory genes 

Regulatory protein 

Regulons 

Reinforced core particles 
Relapsing-rimitting (MS) 
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Rennet 
Reoxidation 
Replication 
Replication fork 
Replication origins 
Replicative 
Reporter gene 
Reporter genes 
Repressor 

Repressor binding site = operator 

Reproducible 

Residence time 

Residues 

Resins 

Respiratory chain 
Respiratory quotient = RQ 
Respiratory syncytal virus 
Resting cells 
Restricting 

Restriction endonucleases 
Restriction enzyme 

Restriction enzyme-mediated 
integration (REMI) 

Restriction fragment length 
polymorphism (RFLP) 

Restriction maps 
Restriction Site 
Retro-biosynthetic approach 
Retrovirus vaccine 
Reverse glycolysis 
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Reverse transcriptase 
Reversed electron transport 
Reversible 
Rheology 

Rheumatoid arthritis 

Ribonuclease 

Ribose 

Ribosomal RNA 
Ribosomal synthetic pathway 
Ribosome binding site 
Right angle light scatter (RALS) 
Ripened 

RNA dependent-DNA polymerase 

RNA polymerase 

RNAi 

Robotic printer 
Robotics 
Roller bottles 
Rotary vaccum filter 
synonymous codon usage = RSCU 
Relative 
Rule of thumb 
Rushton disc turbines 
S-2 Chloropropionic acid 
Saccharide acceptors 
Saccharification 

Salicylate 
Salmonella 
Sandia virus 
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Saprophytic 

SARS 

Saturated fatty acyl 
Scale down approach 
Scale-up 
Scattered light 

ScFv (single chain Fv fragment) 
Schiff base 
Screen for 
Scurvy 

Secondary immune response 
Secondary metabolism 
Secondary metabolites 
Secondary screening 
Secondary structures 
Secretion vectors 
Segregated 

Selectable Marker gene 
Selection marker 
Selective pressure 
Self-tolerance 
Semi-batch 

Semi-permeable membrane 

Semi-synthetic 

Sense 

Sepabeads 

Separation factor 

Sepharose 

Sepsis 

Sequencing 
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Serine 

Serum 

Sesquiterpenes 

Set-up 

Shake flask 

Shear forces 

Shelf-life 

Shift 

Shoots 

Shotgun cloning 
SH-sugars 

Shuttle or bifunctional vectors 

Shuttle vector 

Side chains 

Sigmoidal 

Signal peptide 

Signal sequence 

Signaling 

Silica 

Silicates 

Silicon 

Similium 

Simple photometric adsorbancy 

measurement 

Simulation 

Single cross-over recombination 
Single Stereospecific hydroxylation 
Single valency 
Single-chain precursor 
Single-site mutations 
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Single-stranded 

Sinusities 

Site direct mutagenesis 

Site-specific cross-over 

Site-specific integration/excision 

Site-specific transposition 

Sitosterol 

Small scale 

Smear 

Sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis 
(SDS-PAGE) 

Software 
Solid support 
Solidification 
Solubility 
Somatic cells 
Somatic mutation 

Somatic re-arrangements of the genes 

Somatotropin 

Sorbitol 

Southern blotting 

Spacers 

Sparging 

Special combination 

Species 

Specific 

Specific aldolase 

Specific conversion rate of 
compound i 
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Specific growth rate 

Specific substrate uptake rate 

specificity 

Spectrometry 

Spectrophotometer 

Spent medium 

Spinner flask 

Splicing 

Spodoptera frujiperd 

Spore 

Spores 

Sporulation 

ST Louis 

Stabilizers 

Staining 

Standard 

Standard composition 

Standard enthalpy of formation 

Standard Gibbs energy of formation 

Standards and controls 

Start codon 

Stationary phase 

steady-state continuous-cultures 

Stereoselectivity 

Steric effect 

Steric hindrance 

Steroids 

Sterol 

Stimulons 

Stirred tank reactor 
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Stoichiometric coefficient 
Stoichiometric production 
Stoichiometry 
Stop codon 

Strain improvement programs 

Strains 

strand 

Streptococci 

Streptococcus pneumoniae 

Streptococcus pyogenes 

Streptogramins 

Structural function 

Structural gene 

Sub-class 

Sub-cultures 

Submerged culture 

Submerged fermentation process 

Suboptimal 

Substituted phenol 

Substrate 

Substrate concentration gradient 

Substrate maintenance coefficient 

Substrate-level phosphorylation 

Substructure 

Subtibsin 

Sub-type 

Succinate 

Succinate dehydrogenase 
Succinate thiokinase 
Succinic acid 
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Succinyl-coA 


A^S" 


Sucrose 




Sugar over-flow metabolism 




Sulphate ion 
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Sulphate reducing bacteria 
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Taq polymerase 
Target DNA 
Tartrate 
TATA box 
TCA 

T-cell antigen-specific recognition 
T-cells 

Telithromycine 

Temperature correction 

Temperature-stable 

Template 

Tension 

Teratogenic 

Terminal alkenes 

Terminal nucleotide sequence 

Terminator 

Tern over 

Terpenoids 

Tertiary structure 

Tetanus vaccine 

Tetracyclines 

Tetrahydrofuran 

Tetrapoid 

Tetrasccharides 

Tetrose C 4 Phosphate 

Therapeutic index 

Thermocycler 

Thermodynamic 

Thermophiles 

Thermostability 
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Thioester 
Thiosulphate ion 

Third-degree polynomial equation 

Threonine 

Thrombin 

Thymine 

Time-lapse movie 

Tissue plasminogen activator(tPA) 

Titers 

Tonic 

Topoisomerase 

Topology 

Top-spray 

Totipotency 

Toxic substances control act (TSCA) 

Toxicity 

Toxin 

T-phages 

Transcription 

Transcription factor 

Transcription initiation site 

Transcription terminator 

Transcriptional complex 
Transcriptional maps 
Transcriptional profile 
Transcriptional reporter 
Transcriptional start point = tsp 
Transcriptional units 
Transcriptome 
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Transducing particles 

Transductant 

Transduction 

Transduction pathway 

Trans-esterification 

Transfection 

Transformant 

Transformation 

Transformation genetic 

Transformation vectors 

Transgenic 

Transgenic animals 

Transition metal 

Transketolase 

Translation 

Translation signal 

Translation start codon 

Translocase 

Translocon 

Transmembrane domains 

Transplant rejection 

Transponation 

Transport systems 

Transposon 

Triacylglycerols 

Tricarboxylic acid cycle 

Trichoplusa ni 

Triose phosphate isomerase 

Triterpenes 

tRNA 
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Tropan alkaloids 
Tropophase 
Tryptic product 
Tryptophan synthetase 
Tufits 

Tumour-associated antigen 

Turbidostat 

Turbulance 

Turnover 

Two-Dimensional polyacrylamide 
gel electrophoresis (2-D PAG) 
Two-site ELISA 
Tylosin 

Type I diabetes 
Tyrocidins 
Tyrosine 
Ultra filtration 
Ultrasonic 

Unbaffled stirred bioreactor 
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U ndifferentiated 
Unprotonated compound 
Unsaturated fatty acyl 
Unstructured model 
Upstream 

Upstream activation sequence (UAS) 
Upstream repression sequence (URS) 
Upward-pumping axial flow turbine 

Uracil 
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Urea 
Urease 
Uridine 
Vaccinia virus 
Vacuole 

Van der Waal forces 

Vancomycin 

Vector 

Vector-based antibiotic resitance 
gene 

Vegetative 

Verbal 

Vesicular transporter 

V H 

Video/Photomicroscopy 

Vinyl alcohols 

Vinyl pyrrolidone 

Viral particles 

Viral plaque 

Virginamycine 

Virulence genes (Vir genes) 

V L 

Volumetric formation rate 
Volumetric productivity 
Volumetric productivity 
Volumetric rate 
Vortexing 

V-region (variable region) 

V-segment 

Warping software 
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Washed out 
Water activity 
Well-defined 
Western blot 
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Wild type 
Wine stabilization 
Wood pulp 

Working stock culture 
Wort 

Xenoimmunisation 

Xenotransplantation 

X-ray 

X-ray diffraction 
Xylan 
Xylanase 
Xylose 

Yeast artificial chromosomes (YAC ) 
Yeast one-hybrid system 
Yeast two-hybrid system 
Yield 

Yield coefficient of biomass per 
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Yield exclusive maintenance 

Yield of biomass x on compound «i» 

Zithromax 
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(3 - galactosidase 
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P - lactamase 
P - cellooligosaccharides 

P - lactam 
P - oxidation 
P - sheets 
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565 : u 



Jl fiy' 
842 

160 ! CjLJo jJI ^Ja3 

563 : j^Ul jwJI 

81 * j*jJjI 

«. 178 «. 161 1 158 : DNA Jl J*J *j_pl 

180 

265 : j _^Ul JJ^JI *j_pl 
86 1 85 : ATP J £^JI 

199 ! ^*JJJl ^_^Jl jwj-jl 
794 t775 :oL/'i l\ 
716 ; 4 JVI cj JjJj'1 
816 1 809 : iLUJ oJ;Vl 
158 1 157 : ol^pVl 



878 c 571 :LJ^Sll 
423 tfS II 

’. 4_J«Jl cOJ_*JLa o^l .,h a (J J 2 J J-J 

1044 



261 :^"j^Jl JJ 
290 : jJJl L ^JJl JJ 

71 1 ; L 4j j^j>JI ol^ jLa JJ 
109 : JjJl j^Jl 
282 ! J>j>c^>Jl <u?- lxj*J 
832 ; cjUj j 4 j ^I 
833 : UlL j jjJy^y 1 - 
833 ! Jj _ jj — 
834 ! LaJ _ tjj — 

52 : c > I ^ DNA Jl 

905 : oL'LJl «4j&l 
152 : j^oJ^JJI JUJ 
153 : jl JU&Ml 
848 ! . < i . ^ l j jjAJ 

l 229 ; i^-^JwIJIj ^Jj-j'^l 

234 

232 ! A^j*JJl 

oL^jjVL. j_p J^JI ^L-jlJVI 
235 ! 4jj^aj>Jl 

627 . j t**J****n} I L 0^-*^ T_) I 
265 . J l4v<J I ~~- 1 I ^ 
981 c 781 ! j jS jJJl jIj-^jJjI jv-jjjl 
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371 : Jc-'jL* i 
547 ; . J i 
847 ; . i. 

290 : Ji^IjJI ^Sfl 
94 1 89 : 

698 : jlpL^JI 
894 ; ^ jjl^Jl cjLjJI ' 
66 : (j^ajSlI 

505 ! ^S" c 

547 : .il cIjl&I 
600 ! 4-oJ^<Ji cjIJjjVI 

— — 

244 ! ^|p12j o Ij^L) 

32-29 Ul 

729 ! 

729 :oLJjJl 
727 ! o I I 
727 . ^j*****j U i ^ — 
726 : 4 j ^ 5LJl oIjl^JI 
544 ol^ 

554 ! ^-filalJl -^a\ jj 
554 ! <LL ^*Jl ^*1 jj 
761 :matlab^U^ 
919 c 827 :oLJj^Jl 
839 ! oL-Jj jj 



i jLJlS' j— _ 
154 



108 ! CjLo-jJjVI 

569 ! I 

795 :^k^l oLj)l 
814 ! ojliJl 4 _J Ip oL>->JjVI 
794 ! ^j)\ j^>Jl cjLojJj! 
799 ! jl I 

801 ! Aj j]aji}\ CjLojJjVI 

798 (.191 :j^!_U! loLj 
997 :£juJ| oLjJ^I 

268 ! c_ 9LLJ*}U oiplw3 cjLojJjI 

1015 ! US' jLU oLoj^j! 
976 c949 : iljycJl oLj;Vl 
512 ! LjIj^ 4»^wU_g-^J! 

986 ! o^U oLojJjI 

795 : oL>I 

830 1 829 c207 c25 : ^ 

264 ! ( j-J j-^Vl jj _ 

368 ! oil? 

186 : i ^ j-joLoJl ^bol 

116 . j^»JI *LoJgji 

858 ! 

745 : <-ijij\-jJ^ 
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146 ! ^-5” lj j-GJo 

157 *1 ^\-Aj 1 1 ^**\**£ lj ^, ^5^.' 

627 : Polyhydroxyalkanoate j-o-J j-> 

628 



152 : jl _^l 
153 ; aS^>x^}\ cJ-L^j jJJl 
398 : SjjJJI 
635 : jN jJjJI 
373 ; <g*jLJ1 <cgJI 
773 tl5 



205 : JgLJI 

192 ; Jl . ...G J I 

190 1 189 : i >uJl ^liJl c-wJilJl 
226 : j^Jl 

862 ; 4j j -,/? *J 1 . g 'g 

862 ; ^JjLiJgJI »._* . **i Jl <ggJL _ 

GJj>e_J| £-9 j_J| ^9 ^J-Jl <GjJij — 

862 

217 i^JUguJI L_~*iUl 
405 i^SlI Jjldl 
388 : J*~l\ 
402 IjjJlgJI 
102 ; » j^JI oLLf 1 j. 4~ 
481 ; 4^-ljdj/l < *-» j^gJI 



.826 t 817 :■ 



-jJ*Jl O 

842 1 828 



267 ; Jj j-kJl oLgJj jJI 

268 ! 4-Ja^J I CjL jiaxll _ 

105 ; ^J_gJl 'jOs>^ 

807 ! <ua^Jl <LJIp 4j j^,UI oLgJjjJI 

196 c 195 1 193 :^"j^Jl 

479 : jJul > ijIIpI 

JjJjjJl ^_j j L> " !lj o_>c— Jl 

515 ! <u j-^> Jl 

513 : Jg™JI 

194 :DNAJl wj 

194 ! <G^ jJG^cJl <Go. .,/? J I 

522 : L^SJI 

909 : aJjjJI Jp ^S ll 

94 : LSjl L 

165 . : ^ I ^5 1 ( ^ ^ ^ ..51.' 

146 • ^ ^wwwjL® 1 L> 

151 *}Lu Lj jZ&j 

70 . L) jZ&j 

204 : ^Jl5 ^ ^ L ^SL, 
145 ! Jiiadl ^1 p 5 L j-siSv-J I 
92 ! cjIaLwvJJ L ^xSLJl 

^5 jjo y^ L j-sXxj 
674 L^£Jl 



150 ! Lj j-o 
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875 : ohS'iUl ^5 \j 
145 ! Ojj y 
511 ; oIjLjjI ( J-w ^ \jj 4-o jj 
444 ! Jl Jy - jJl 

392 1 391 : u™-^l 



1060 1 1058 c 1057 : ^LJl ^^,^1 
463 ; jj 

383 «. 378 



383 :;UijJl 



£y^y- 



383 ! yi]\ — 

396 ; jj*Jl tl)L > y 
396 : ^pUJl y _^3l 

396 c 395 ! ^JjLiJl ^Jl 

408 t405 3JI 

. ^j>e_g_^J! 4j>-^oJl ^ j-o>cJl ^jJl 

143 



387 

463 : ^J,\ J\ yS y 
299 :^y\ JySyJl 
425 ! 4jj-o>iJi aI^SsJ I yS y 
258 ! ^ jj^o>iJl 
855 ; 0 jJU-vj j 4_flj 

494 ! {£j\ j^oJl 
368 ! 

378 ! 



391 

464 : ^Lij>cJ! 



911 ; <j^t y*^\ 
911 ! 4_) j-sJ>cJl 0Ls2»^>e-<>Jl _ 

911 ! ois^^>wJi - 

475 ! ^*_~Jl _\j J-> o 
697 ! ^ j-^>cJl j^i^Jl 
997 ! ^ j-o>&Jl 

108 oLoo jj V I ^J-L>cj 

665 : j\ ja^}\ JUJ! 

197 : Jj^!l RNA Jl ^-wvJ ^J-Jj>Cj 
269 ! ^lo>cJl yy > fcJl 
235 ! 4-Ja-o>Jl oL j]sa)\ y i j^>o 



914 ; otLjJl y y>J 
105 ! ^-w%jJl J-*_> <l~)\yy>cj 
228 ! ^Jjj^jJI 

137 loJuJ^L J^pdl! 
953 c939 : { s J ^\ J^j^Jl 
227 ! jjg.Ail Jj y>zj 

225 ! oIj ^J gjJl ^Jj j4>o 



128 • [Cj J I ) 



283 1 98 ! ^jo2jVI JjiwU 
299 c 28 1 : J^IjJI jiJJ 



299 c 28 1 ! ^jL>c Jl 

298 :»SI j&\ 
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511 ! I j^>cJl y\£s}\ 

556 ! ^ jj»^>iJl oLiij 
700 ! Aj yz}\ a>cJL*> 3 oLiiJ 
957 ! aj >~ ^-oJl j jJg-il ' a«jJL> 
925 ! Ja^JLill A^iiJ 
1056 1 1054 ! aJUJL ^*Jl A^iiJ 

I ^ I w\^JL^> L> (_£ j_l_>cJl j ^jLll 4_J JLj 

1064 : j j-LUl ^Ua-Jl 
198 1 197 ! Nuclease SI iJLiJ 
208 : ^lill Sjli- 

682 ; ^jI j-A*^Ul 4j\j£ 

682 ! j_g_ll wL-^>cjJl iiLij 

c 173 ! ^ ^pLva^Jl AjLaj 

174 

199-197 : JpliJl^L J^k? illi; 
48 ! ^upljjJl aj j^>tJ1 aJ Lilli 
773 ! aj j^>cJl ij Lilli 

c 889 ! A-oLjJl A-wL>c_Ll ajj^>cJI iJLiiJl 
929 1 920 1 894 c 891 

194 c 177 cl74 : DNA Jl LLL ilLi; 
207 ! oLu j ^Jl AjLiJ 
213 ! ^UJl jijJl ob oULiill 
508 ! ^Jjy>e}\ ^—-ow^ill oULi; 
201 ! oLi^Jl aU^iII <uiij 
23 ! a^ 3 jio j j^]\ <uiij 

201 ! j-^>i^oJl t-ll a^sJoj 



313 . Aj ^^> cJl <zj *)Lp LU I ^>..o>v?-j 

101 ! 4»o*J>c2l}| 1 ^lyg-J 

913 c 896 ! j*j> cJl .,^il I 

987 c986 ! oL jS2w*Jl o*>b-L3 7 

207 :^U^Jl ^i^dl 
1067 i^valil 
172 ! ^yl jJl ^^L*_JiJl ill 
364 ! 

364 ; ^-J-wiill a>-j^ — 

809 c 787 ! ^3 j-o-ll ^ A>- j-oJl j^-iialll 

24 ! Aj j^>cJl Aj Lilli j jJaj 

1017 ! L5"jLio d> L-.jj bf I ^jjwixj 

890 ! cjLjLiII ^ y~s>- ^JjJ-xj 

697 ! yJ > Jl A*. *2* *il I 

464 ! ^-jL_L*i11j c_^-J-*ill 

122 :5JL^Vl JpU? 

404 ! ojl _^>J l 1 J^Li; 

1 164 1 154 ! J-wJ-^vJuJl o ^^J lJI J^LiJ 
1055 1 778 1 523 c246 c242 

404 : JJUill J^LiJ 

174 ! ^j jJL> d>*}LpLij 

292 ! o j^LJl o*>LpLij 

292 ! (j, j*s > iJl ^i*/2ill o^pLi; 

64 ! j»JLgJl j _^viLill o*>LpLij 

992 ! ojJjjjJl oMpli; 
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497 ; ^ cJl >. I 

404 : 5Jjj LaJ I iJbJl 
701 ! <u>- jJ j-Jl 
276 : J^JI oUjljJ 
502 :£^)1 

_ O _ 

c304 ; y^S^) 

307 

295 : dKiJl blJ 
517 ! 

169 

1 924 c 915 t909 : b J _*_bJl jj JL>JI 

927 

349 ! Ojlill aIxSsJI 
33 ! ^liJ^I iou j>~ 

LT*^ 2 ^ 

780 :oL^S/l 
40 ! I JsS ^ <u5CLoJl a^^j>J1 
671 

404 ! ^<J 1— 

156 : (jjjS i ^kJl jl^>- 
445 ; 4jjbJl ^jLi 

494 ! ^J> yj> i_jLJa^ jl^>- 
1044 :ipbJl 



693 : (_$ j~>Jl blpjJl LiSj 

29 ! 

40 t27 t26 ; jJl ^ui^j 

53 <, 52-50 ioUIj-^JI Jlp_ 

1 47 1 46 t26 1 25 

48 

1 46 1 40 1 37 1 34 : *1 UJl _ 

47 

23 ; <u^ <uJjJ 
25 ! <uJij 

1 42 1 28 t24 : DNA Jl ^J.1" oLi' 
t207 t 168 t 164 c 155 t 46 t 43 
i 1022 <, 949 c 851 t 849 t 809 
1051 t 1040 

467 : JUl y*\j ^iJlSC" 
366 : oUai-l.,^11 
462 1 461 : 

71 • J i 
664 ! ajlJI 4j j^j> J i L>- jJ 

495 c487 c46 : ^JLhJl 
94 ! ^ I 

169 . j^>Jl 

529 . lill 

530 ! <j 4jLiiUj ^UJl 

533 ! UjJ! A3 j^iJl ^Jj 
159 ! Jg-wJUo 
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547 ; jij>c Jl 

613 (.611-608 : (iLj_jSjJi>Jl 
-592 (94 (88 : 

608 (607 (604 (602 (601 (599 

( 604 ! _ 

605 

606—604 ; <uLa^Jl _ 

608 . ^.sL>-l (2-L _yuJl 

71 ! 

618-616 (614 :(2i^ , >Ul u ^- 
94 : J-o-Jl 
785 : (DNA) 

885 4j j^Px^aJl ^al jj>Jl 
823 ; Uljj 4 J~i*_*jJI oil! j ^> Jl 

-c- 

194 ; Jail jj>Jl 

669 : 0I> 

463 ! IgjjxJl oUlji- 
525 ! J^jJl <da>- 
819 :uLJ)n 
143 ! cl j^]\ <Ljl-b L)*5l3^Jl 
898 : L 

(848 (834 (819 : oL^JlJJI Ll^ 
898 (886 (882 (875 (872 (850 

872 : *JI^»Jl L^ 



215 ! . c y>- 

313 ! yi C 
633 1 63 1 : j^L>J! 
851 ! j i 
224 ! oL >*.il ob>- 

^Lv 2_» 4_^> — j_Jl 

45 1 44 

510 c 193 1 144 <, 143 : 

212 ! I 

223 ! a 

139 ! j^>Jl 

-c- 

457 ! ol ^_>sj>- 

361 : o yfcllaJl ^^>Jl 
140 C 113 ! JJ j^ojJl 4*5" j>~ 

485 : b^UJl 4*5" ^>- 

1000 ! ISwa cjL5" ^>- 

121 . I ^ ^Qf*****^ ' C -4 

533 ! jLo^Ux^l JjIp k 

474 ! 4jil5vJl 4 ^a»Lwvj>- 
45 ! ijJz *- J ^l^Lwvj>J1 

194 JJbJ! 

622 ! dio j ^y2^>S>- 

619 ! i2-Lo ^y2~c*s>- 
71 ! cLL^JjjLJ! 
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485 1 293 
293 ; 

632 : jl 

646 : iJj-Jl j «jo 
647 . 0 

489 : jjU jjJjjJ tijlj- 5 
490 t489 : Sjlj^Jl Jjljjdl 
774 ; <LJ _j5^Jl 0 ojj^ 
479 ! l 
547 l . ^ . ' c yxj$ 

_ s _ 

: StarLink™ ^ »l> Loljj JJjj^oJl ojiJl 

46 

525 i^ldl tl5JJl 

59 ! ^jJ ^5" c ^cJulj 

455 : J U±u- v yi JU 

148 : jJl 

969 :^.Sn JajJI 

1 196 <. 194 1 156 : J] 

259 t244 

1068 ! 4j ^> c_^vJl 4^L^? ^Jl 

432 : iy>J\ 
335 ; jvi j 



56 ; 

56 ! 

1 865 1 857 1 820 : LMi- 

886 «. 882 c 881 t 878 t 875 t 872 

480 : ^LUl 
480 ; ^SLJl 

923 1 922 c 898 c 897 : iJlJl U^UJl 

878 ; v fljli - a 

375 t374 :L,}UJl iUJi- 
C 261 t222 1 221 c 215 t 63 

822 



230 : Kluyveromyces lactis 5 






139 



.230 t226 1 63 : 



267 t266 t264 t 255 t 240 t232 

139 . 1^.^“ 

! Ja^ -,h U I Oj^^>iJl 

612 



_ i _ 

117 \^cs>i\ 

210 : jUJMl i*-ji 



109 ! 0 ^ JS>XJ 4^-j.i 
<. 126 1 122 : Jlj-jL2~Ml jjl jj; 



-rj- 



127 
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DHA _J <LJLxJl CJ y j 

658 

- l r- 

329 ; olilJu~Jl 

325 : ipj-- 

380 1 379 : A^kSJl ip^Jl 
380 t379 ; <Lj ap j^]\ 
119 . yS I yt~*S I 4P yu 
117 t 1 1 6 . y >**^ I ^ J^a yS y^i 

137 

138 ; ^ ^3 _ 

270 : «J ^2Jl 

85 . I ^ ' ~ip~vsJ ' ^SLJl 

265 ; N _j oL ^S wJl 

■627 ! <Lwa jj jj>cjl o^wLxjLoJl oL 
638 t 630 

634 c 633 : 

554 :\tj£J\ 

153 ! L> j^xSvjj jpl 4 J*>La» 
86 ! 

86 1 85 ! Oj ^xSsJ^M ^JJL 

571 ! ^ j-o V I oLLL^> 
890 :BT^ 
23 

356 : Jsl^ 



335 . 

335 ! c^Lwwvlj /%-ij 

c493 c490 (.485 : *i^!l 

736 c601 1 561 

208 ! j^Jl 1 jJl 

505 . C (J 

639 c638 c 631 c630 : jUjJl 

81 ! 4_) 4p I J J 

702 c701 :^ljVl 4 p!jJ 

897 c 894 ! 4j>c^«jVl apIjj 

49 (.48 apIjjJI 

i486 c483 c480 c479 : L^UJl 
908 c749 c494 

749 ! IwL>3 _ 

1 749 ! 3 I \ w-\ — o _ 

759 c756 1 75 1 

848 ! oloJiJl L^>- 

265 c264 :<j J^Jl JMj 

459 ! 

654 ! 4_ol j*j> eJI <ij jjj Jl 

l 640 c 627 ! <o j _jL<JI *^J_j>eJi o j_> j 
662 1 660 c 656 c654 c653 c650 

! ARA _j <o * u_Lj>cJ! Ojjj 

657 
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246 ! j j5sj Lj aj>c -oL/? 

522 c505 c 48 1 ! 4_> j^j>eJl 

801 ! j^>cJl 

550 1 507 

939 ! oLjLo^5sJl 

251 ! Ij Ij 

- <> - 

355 1 353 : Ja^Jl 

_ i, _ 



-128 1 119 1 1 17 c 116 : « ( _ r ~^-» iSUs 
140 c 137 t 134-132 t 130 

797 : 55UJI ol^Lkll 

! ^ j_kJl 

376 



376 ; o L j^J I I _ 



376 ; cj L^ vj I _ 



: 376 ! <Lo j_-^aJl (_9 9-3 o I _ 

377 

iJ'i/l <j j-laJl 

375 :*^»Jl 

375 



376 _ 

375 ! 4jj <U J-^aJl _ 
376 ! <bjl <U J-^aJl _ 
362 ! ^jLj-osJl 4jjj 



356 JsI^JI 

1020 lijjjSn jsi^ji 

421 :jjU^ C JSj^kj yuJ 
448 1 446 ! 4jii^oJl 4_1 ? j^j^I o ^J g^» 
449 ! <ujL5cJI o i 
647 ! *Ul*JI 4 J j** a> 




854 ! aSwzJI 

1040 c 1039 : 

46 : 45 jJj 

712 ! 1 . j 5 w> ^jl >3 _ 45 

c 52 1 c 5 14 ! 4 _j ^ 2 s-c J 1 4 _jL5jl1I 4_5 j s> 

538 1 537 

852 45^i 

797 c792 1 790 . ^3 ^5" 

518 : Packard Inc. aS -i 



176 : i_s j^K iJiJ. 
213 ! cjIlJjjJI 0 
244 c 210 : aJIjjJI 5>4Jl 
773 • <• t5jc~" 



- - 



493 : 



4»*» w £? 






1 jL_*j! 

492 c 491 
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o cJj— ^ 

t244 c242 :(PCR) 

249 c248 

156 . (J 'j£> 

238 :ol ylkl! J>p 
547 ! y> e-JI oLJLp 
547 : ^^^15 _ 

547 . 4»^JLp 

349 ! 4^4>cJl o L^g,p 
754 ! ^sL^Jl 4«2j>iJi f-UaP 
754 ! Ajj-*>J| aIxSCU ^UaxJl 

56 ! <L_>lj ^Jl ^^p 

: i^JlSuJl L5UJI Jlp £>UJ| 
56 c54 

1068 : jU^Jl 
702 : j?Ul Jl 
141 : a3*>Ip 

890 c24 : U.>Jl Jlp 

24 ! a_> j_g_>c^>J! *L^>-Vl *-1 .p 
494 : JNIOLJ^IjOp 
507 ! cjL-Jj jJl *-Lp 
951 : oLjjJJI ^Jlp 
890 ! a^pIjjJI aj A jUiiil ^_Lp 
508 1 507 

186 ! A^j jj j^cJl AjIj jJl ^-i-P 
391 ! ^L>- A-J^o-p 



227 ! ^ I cjIlwoI aJL ^1? 

227 ! ^ a . L> cJLio'yi aJL jip 

396 ! aJL Jb 

183 ! aaj Jb 

364 ! ^bjJl ^ ^>cJl JpliJl aJL Jb 
363 ! ^uJl ^ j^>Ji Jpliiil aJL ^ 
362 : ^L^5CJl J^liJl aJL ^ 

p i j_j J— £_> W A_JL_> 

276 : «lkk!l 
172-170 : Ai,> 

227 ! j-^5sJl aJL ^ 1? 
449 ! j aJL ^1? 
684 ! cjLLaiJI !b AiL 
685 ! JaJj>cJlj cJ^*Jl a2j J b 

396 ! ^jja ^j»^P aJL ^2 

449 ; jJ j52o a iL Jb 
178 ! j-oJ a^j>- j-^>Jl o jjLlgjl 
580 c560 : iJlJjJ! ol >k!i 

_ 

1015 ! jJl o jS\s o jJfcLk 

-L- 

311 : iblp 

730 : oCUJl 
123 : o^LJl ^ j 
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532 ! <uLo»P 



396 : j£\ ojJujJi ^Up 

745 : £jjJl ^Jlo-p 
85 ! ^5wJl ^uLo-*Jl 

106 1 66 : o y L«iJl aJu>-p 
66 ! o yLv-aJl _ 

9 1 ! V I o *j Jj 1 — 

82 ! o-i j^>Ul o jJl*3 — 

106 ! — 

82 ! j j^S ^ jjjI oLa-^3 o jjL^s — 

83 . d jJz}\ 

^ jJLw-fl ^_L_P o I ^Jwo—P 

92-89 liJjSfl 



89 . o I o ! *l3^«p 

61 c60 : ^Jlo-p 

255 ! (J^ 5 j-^j ^Js2jijl <uLo»p 

160 . ' 4^Lo»p 



378 






191 1 190 :^LkJl ^U-Lo-P 



605 ! ^oLU! aIsJj>JI 4Jl>o <lJ^p 
147 :DNAJl ^U-Lo-P 

174 ! 5 vaJI 4 -J^»-p 

82 ‘r- *l 3 ~o»P 

j ^JgJl *)! I ^JJL> ^U-L<»»p 

354 :^UJI jjJJl Jl 



88 ! j jS j 45 \Jl v 4 -J^o-p 

456 : iA£l\ ^Up 

88 ! L )j cjLiol <U_Lo-P 

104 c 102 : kJdl ^Up 
108 c 107 ixJdl ^Up 

• I ^ k. >. L 1 ^ 5 * \s ■* A A Jl ^^ 3 — ^ 1 — P 

253 

547 ! lS J2^s>z]\ JJb>6i!l <uLo>p 

102 ! 4 _p Ix^aj <uLo-P 

168 «. 162 :DNAJI Jjj>JaJLp 
150 . ^1 j ^Jl ^Jj ^ 5*xjJl *l3~<»-p 
791 c790 ! j j^>Jc<Jl ^uLo-p 

276 • ^»0 1— X.'0«J i >3 4»»_L»0»P 

99 ! (j jjj5CJl jjiJJ *uLo»p 
326 . ^5 j-vaJ! ^yjl ^uJ^o-p 
324 : J~~dl aJlo-p 
29 ! ^uLo-p 

304 . 1 4»3^.p 

385 . ^oJl ^. *..<>■. .yg.) <U_Lo-P 

101 ! ^**.+0) 4 »J~o-P 

209 c 147 ! <uLo-p 

787 ! j^s-cJl J-*J <uJ^o-p 
902 ! j^?i\ <uL<>-p 

246 : aJlo-p 

851 ; ^uLo-p 
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496 : L^UJI -kk 
730 ; yd jd\ 
479 ; kJ I p <Uj jd\ 

151 1 150 \sj t k~k> 

464 : J iJl 

978 ; jpliJl y]\ ^-LJLp 
428 : 

46 1 41 t40 -38 :^xuJl 
725 ! CjIJjj 

_ (-i _ 

371 : t l jJjj jU 

663 : i_JJ> 

530 . o^j>e_9 

939 ! jj J- o tjjJJllji 
59 ! j^jJl 4j>ci^vi 
684 : <uL/aJl o aJ I 
690 ! 4 jjL*J| O *}Ls2sjaJ I 
246 t223 t222 :ol>kJl 

t222 c 221 1 21 5 :U^loL>iJl 
271 1 261 1 25 1 

713 : cjU y] y*i jS jj jXaJl 

108 ! y) yd\ y*td\ <uk*J 

547 : jJlo <■ J yus 
461 : iilSUl ^ 
603 ; oLL* jiJl 



91 ; <UL jJaJL <uL^ 

680 : ^y\ yt'iUl jwi-fil aJi^p 

409 1 405 1 404 ijlj^loLU* 

367 : J4l j-JI JUxjl oLl^p 

<. 69 t65 t63-59 : yJySh oLL^ 
101 C 100 1 98 

96-94 : iJjSlI ^Sll oLI^p 
97 1 96 1 94 I oLL*p 

65 : *LJl oLl^p 

119 : okLi-p 

345 ; 4jj^j>cJI cjkLi-p 

t279 t273 1 115 l^J^Jlol^U-p 

C 337 1 33 1 1 3 16 t296 t 284 
t470 t469 1 461 t460 t 457 
921 1 629 1 553 

273 :lsrbjy\- 

273 ! _ 

791 ! ol-lk>Jl okLi-p 

791 . i — » — — ' I J 1 ^ -■ l — J — j — 
65 . djkk-p 

-t- 

905 : iLyJl 
778 ! a\j 

778 ! 4j^lill 4_L j* Jl 
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870 ! j-L> cJl i 

98 ; ^2j V I ip ^j-oLS 
174 ! * <l^ 5" ^uLJi 
883 ! L>t)A>cJl o ji ( j^Li 
431 ! 4^Jl)! 

353 : ^JjIp jJJl <u-i 

_ii_ 

939 :.^ iJljjlS' 

492 ! Adi <^>- jJ j^wa oldjlS 
591 t UljlS 

29 ! (1986) <jj ^J l AjjlS 

67 ! 4^1 y>z Jl oldlSjl 

c 79 1 66 ! 4_j 4^_>cJl oddliJl 

655 

93 ; 4^jI 4j cjLjISsJI 
774 ; 4j j-iUl 4 j cjLjISsJI 
85 ; 4^jI j^Jl 4 j j-g->=-*>Jl oldlSOl 

1 33 1 27 1 25 : L‘ljj itJjuJl obsLS^I 
805 t785 1 49 t 47 c 36 t 35 

1069 :^LJ1 o^Jl 
774 ; ajUI 4jj^j>cJI 4lxS(Jl 
433 t426 : aJj^JI Ail^Jl 
331 : *jj£i I Jlo/ 
407 : Lsl >j:Uj^Jl 
406 : LjiJ'Vl Lsl ji- jjl»j ^5 



158 1 157 : j^y\ olL-^l 
85 . t l_o^>c_J I 1 

889 : o^jj L^jy^ 
663 : j <. Co _p^ 

43 ; yij 

161 : U™5liJl yij jJ 
t 43 . 1 1 A.P I ^ j /? A - I I 

874 

862 c 860 1 859 ; aj j ./? *J 1 cjL~«j j^jsJI 
716 ; Jjjl ^ys^s>- Jd-3 

- (3 - 

o j_sl jJLoJl A_jjLpidJl .il j_o-Jl Ajjli 

804 ! I 

350 : jldd^l aJoU 
804 ; a^L«JI il j_^JL) ^_£j>id]| j jjli 
385 ! jL j jjli 
381 ; ^y~S y^» j jjli 
349 : dLi j y\i 
664 : ^ j jlli 
170 ! j .,o >ij 1 CjLjjJj j/1 ^Ja3 
156 : DNA JI ^ki 

385 ! Cl^ 3 
481 : aJT xo\ ji 
54 ; djlj jJl cjLa dpi ^3 

L 113 ; A_l_p L aJL^J I ^_^?ld*Jl 3L>d! 

116 
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183 

688 ! j£S\ 

688 ; ^Ji\ j£}\ 

634 : j^j ^KJl 
761-759 loL,^ Jl 
508 ! ‘U^-UK'^I fUoK(Jl 
557 1 60 1 59 :^j>~*Jl fUKJl 
49 : UljjJl *UK 
1025 : UpLJI UL*KJI 

- J- 

U I UJU-^AJ U jUXJL^w^f I <c^KJl 
37 : (ACNEP) SJuJuJl olKUJl j 

848 : (1951) ^ y \ ^UJ 

848 : (1958) ^UJ 

! (1958) U-LiJl ^ULi 

849 

479 ^jIp cj 

-c- 

629 1 628 ! <oLo 

337 ! oL j}zjl]\ LwL-wvuLj 
390 ! <Lj j-oVl f-l_jL*Jl CjI Jp»c^a 

134 1 122 1 121 Ll* 



407 ! 4 »Ja^>cJl Lil jp jjLjj J> 3 \ 

. ^oJl ~UJl> ^JwygJS.)' Ul J& 

413 



232 . o ^ ^ <> 
258 . ' o ^^ oj>cJ! j 5" 

144 ! L» ^SDl oLa j ^5" 



£. j jJ jJiJl 



(*j— 



i 188 c 187 c 149 c 147 186 : co/i 
847 c 571 1 558 t 258 



E. coli 0 jJ jiJl L> j*s£j ^ jj> j jS — 
152 : ^Ip jJl (_g j 

183 ! <L~P Uig-v2 ' <Uj^Ko CjU j~w yfi J jS 



453 ! ijj c ^voLj^j 
807 ! . > — - jj^- c 

449 ! 

162 : JUdMl of- US' 



383 ; _^Kl KUS 
1025 :dL> 

468 : J^KUil KK 
455 :^^i\ UK 
470 : J^*JI UK 
68 \ jjS jKJl 
498 t209 1 54 : iljKJl 
238 iljK 

193 ! U$l j 24*JI fj jKJl 
591 ! jUmj jS c UL^q^S 



134 c 121 J lp_ 

134 c 121 :U=^JI Jlp_ 
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384 1 383 ! LL^ oL>c_Jo y> 
329 ! jl p ol>ui j>j 

ojLSsJl A^_jL_JL_P oL>c_Ji j_>3 

329 : *LJU 

c-oL^no c_3 j v 

857 i jJ 

857 ! ^yLLJl £UjJI j>j 

952 ! j j^S'jUl j>» 

843 ! ojJ-oLwvJj j5Cll ^ j5U- jjj 

874 : jUAM 

78 c 76 c75 1 7 1 :A^J^Sll ^5> 
905 ! ^ 1 J-Jws9jj jJjlII <^-*5” j>j 

628 ! a^a jj y>u\ jj^Jl cjL5 ” jA 
690 ! ojLJaJl Aj j^xJ I CjL S jA 
843 ! Ajj^'b/l oI>cjVI jS jA 

326 ! ^J> j*J? J 1 j>» 

341 t340 ! aj 

902 ! ^ j*J?]\ aj JAiI I <L3\s Aj ji_>- ^jljjj 
878 1 870 ! a^jI j*j > cJl IjtAp-iJl ^jljj» 
769 (.165 '. olwLi^Jl A^sjJi ^j\y° 
319 ! Aj ololSCJl ^jljjJ 
847 ! Ajjij>cJl oLjjJl apjJjj 

c 921 1 897 ! a-oLjJ| aj j_L>cJ1 a_pjJ^> J l 
937 1 926 

847 ! ol j2L>cJl apjJjj 



134 c 121 : jjj^Ji Jlp_ 
134 1 121 Jlp_ 

121 : 0~rjjAr4l' (_5^ - 
139 ! jjj jid! \j^a 

443 ! Ajj-j>cJl o I 

aJjlSCJLj aJ*>L*JI o I 
433 ! Aj j-w>Ji 

1035 : oU^juJI 

721 : jUl^f Lo olla^ 

45 • ^ ^ ' js*s*a 

27 <.26 :DNA Jl oL*^ 

436 ! ^yLJaJl 

251 ! AjjJjJl olS* ^>c^Jl 

252 ! cjIS" j^>c^<Jl 

966 t960 t950 \ ^c, j*s > Jl ji^<Jl 

a_JL*_ 4_JI ob A_J j 1 1 I j_j2_>s OwJ I 

980 ; oJ^-1 jJl 
373 :^^Ji 
580 



246 



. /^JwvwoJ 1 



a_L>- 



y 1 



381 ! a^j-1>cJ1 cjL-^*» jA 

\ A_P jjLoJl ojljjJl aJI oL>tJ jA 

463 1 384 

692 ! Ajj^>eJl CjU^c-Ji I 

c 668 . a_1wwwo^_J| A_> j_^>cJ! 

694 
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714 ! 

c 714 : oLjj __ 

719 c 718 

531 . 0 ^1! (j y jl.yg...oJ ' 
274 ! a^S" a_> c-^LcJl 
599 ! aJl^JI 

704 ! <Li ^>Jl oL-oJl a^>JL*>3 

t 665 ! t^_3 j-^2 II oL-a A_>cJl_*_>3 

678 c668 1 666 

672 c 670 

672 ! aJI j-gJi aj>cJIa^>JI _ 
374 1 371 ! oL>iJIa>5 

701 ! £ji ^<Jl ^3 a»^>- jJ a^>JL*^<J1 
291 ! aJ L- ygJl 
753 ! f-UaxJl 

400 ! 

757 

117 ; aj j^>cJl a4x^JI (J j^a>>ej3 
283 ! (J j.yg.^> c^oJl ^ 

335 JJLii JaiUai 

351 : 

135 c 128 ! ^ y^a yS 
361 ! ^liSDl ^JJiiJl 

A_Ls^2JLoJl oJJLo-oJl A_^pljwoJl CjI j_j L*-oJl 
-1062 c812 : (ELIS As) ^jjVL 

1064 



! F68 di-ojj jJu ^^>s2a_*-vJ! y jjJl 

884 

1004 : uoUl 
1004 ! j *./? ,*J I i^owL<Jl 

1012 ! a_o j -L_^J ! Lj-LoJ I 

1013 clOll :^SUJlo%lJ! 
246 ! iw-o jAJl ^w*>cJl jL-wv-<>Jl 
171 ! ajj jJl ( j2 > Loj>~ V 1 IjL^ 
1011 ! aJLSjJI oLU>c^Jl 
54 ! J^LiJl ^^>cJl 

! 

449 

101 c 78 ! ^JjwLJl OwJ-^S" y^kS jL^> 3 
530 ! o l)j j^tLwvwoJl 
54 ! otwvo^ll ^_*^3 yS»Ji 
245 ! ^l./joJl J. ./? <J I 

1 720 c 712 t498 : obUi-Jl 

743 

735 c 715 :, 

716 : G ( 

716 :V, 

723 «. 722 :olUSCU jzi\ . 

724 . 

727 ! cjb-^al j&jZ*. j _ 

723 :olJbMj/LJl. 

714 1 713 ^bSM-LoobU^. 
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A_^Jg_; ' ( jr a A^ ^ {-A-* 

924 ! aS” ^>J l 

669 : ^ j^>Jl J^lUl 

. A-^ww^>cJl oLo->J! f-Lia_P ^J_pLiL>5 

672 

672 ! AJi A^jUaj o L oj>- Cj*!ApIj2>j 

. 1 I A_jjLv 2-P A_> J— >Ji ClJ ^\_P ! 

701 

999 ! o 

Jg I ^pLLo _ 
999 : (s^IjlJL 

(3 J-4-^>C_oJ I J_> C_Jl J_pLi_>3 _ 

999 ! o woJLw^J 1 AjwLxiil 



291 cl 19 : 

379 . ^ y^J3j* 

290 ! AjLw^JI ^ 

291 ! ^ y^° 

386 ! A^l*^Jl Ajij\jLo 
45 ! A_) j^j>cJ| Ol^lv2_o A^jjIJLa 
298 ! ^slvail jIjJLj 

249 :cDNAaX 
193 ! A^a A*l52oJl 
215 : c 

494 : auSCJ! 
847 ! . .o! c L-> 

680 ! yj ?*. Ji 

788 ! j^Jl Ji aJjL>j 



294 c293 

A_^x_^_Lv2JlJ I j LowoJJ A_^>>LJLJ! L*-oJ I 
805 ! o-L*>Jl 

758 :^^SyH\ J y>t-i 

305 ! i *LjL>cjJl 

305 ; i 
473 : 

352 ; ^JJL 

301 : cjL^jjJI Ja^ijo 

1 308 ; oL«_sjJl Ja^aJo J-pLLa 

311 

1 328 c 317 <. 316 : J-pLLJI 

922 t487 i 331 

1 316 ; oU-ULiJl oJ^pI o“5lpLLa _ 
354 «. 320 

! 4_9 j_4j>oaJl 4 _-o 2 Jj>cjl CJ *5\_P LLaJ I _ 

924 1 606 t487 t356 1 317 1 316 

; 4— o j .,/? S' 4_j j_o>c_J I cj *5\_p L iLoJ I _ 
327 t326 1 317 

1 316 : ^1 j-^Jl j*-i jJl o“>LpLioi _ 
606 «. 355 1 354 t 322 c 321 

1 317 ; iJL— «Jl o“>Lc-Ljo _ 

324 1 323 

i 3 1 7 . C> y^>J> *c_oJl - 1 dJ *}!_£■ LiLa _ 

325 

oJ— JL^ 4 -q. L 4 ^>-1 4_» j-o- o*5\_£-LLa 

924 ! 4— pUL*./?! aS 
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378 : 1JI 

696 ; L ys- ^ y> 

249 ; ^*vjJl 

439 ! L*5L>iJl ^Uaj 
355 : jjLuJI oL^JI fUil 
181 : «Z 4W» o j jy > j»Ukl 
132 <, 129 : L~xp jjj&yi JL fUkl 
1010 ! JijLJl jj J aJl > lj > 
1017 IjJaJl ^uL^aJl — djjliJl ^ ]j 1 3 
980 ! CjLuJj^/I oJJxLa ^ lj 1 1 ' 
151 ! JjLJl 

347 :jl>Vl^ JiJl 
332 JJLJI 

54 ! <upA>cJI L^yJl JJL 

348 ijJJI jJJl J-b JiJl 
348 : Jj-Jl j^s- JiJl 

t364 1 346 t345 t343 : Jc^Jl JJLJl 

367 

: JUJl ol-^Jl Ji-la Jc^Jl JJLJI 

361 

: ^sUl JJ oljUJl ja Jc^Jl JUI 

354 

: .jUaJl JJ jLJl ^ J^JI JJLJI 

360 



! d_UjLjl JjULd OJ-PrJl JjLiLa I 

520 



355 ! J^L^aJl 4jila^j 
41 : ojl>cjJl ^Ig'^ 

458 ! 3 Ji* JL i .,/? i <uj h^js 
34 ! <u>.lgid 

805 ; LJjjJl 4^-ljjJl 4^>.lgi^ 

805 ; 4^>JLxJl 4 j>t -,/? ; 1 4^>.lgi^ 

! ^3 ^jLjJl ; J| <La Ja_La 

255 

150 ; cjL^JI JL cjL^5w15ws 
413 . ojLapxJI d5 3 

94 :uJJl 
406 : jj^Jl il y> 
455 : JjS!l 3 JJl 
510 1 509 : 3jJl 

29 : J JsLiJl oli il _jl 

145 : L jJJI J Jlj Jl il _jl 
868 ; ^ J>c Jl cjj^JI 

213 1 2 1 0 ! a I J I J 3 Lj j I ^3 jds 

571 

600 t597 : (j;jLJl ^r>jl 



- o - 



278 ! 4»oL^>cJl ^oU>j 

278 : JU^)M 
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188 c 187 : JuU^li JiUl 
180 ! Aj j-LSCll < ^J^3 lj 
823 ! LjIjj oLjLjJI 



717 ! el jj 
187 ! 4Jd>cJl <Lol>-! J 3 I jj 
230 c 180 :iJ^j!>Ul JiljJl 
343 ! cLL-& c jj 
847 ! . j . I t jL-o 
273 ; c j 

fc _ 

143 : jJ jS t jjjjU 

113 : -i/r 
43 : (BST) j^Jl jj>. 
244 1 194 : jjjlS'SlI a*>U 
787 ! 4»wa»-U-& 

786 c204 ! jt> 

1051 . 3 L^a. -oJ I ^-ww->cj! 4«^0wijwA) 
204 ! oldj>Jl 4 ^a> jjo& 

c 9 17 C 913 C 588 : L^Vl i^JL^Jl 

919 

950 ! 4-JwJ j jJl 4_^o 
664 c663 : A^yaJl 
957 ; 4j j^>cJl cjI j^>c^oJ 1 jjo& 

955 ! jLwv-oJl 

957 ! ^>,1 y9l)l dM jLa^> 4-^a) 

c54 c 50 c 3 8 c28 ! dol j ^Jl 



278 ! {£ y . Jo _ 

278 : ^ j-sJl j^ojJl — 

277 ! ^uS” j^>iJl ^Lwvj>cJl ^oUJl 
300 c297 :oUiaJl 
299 c297 cl 19 : *1*1*1- oUi^ 

189 ! ^L« ® (J ^ 3 ^ ® 

300 c297 :^_JI 
119 :J^H\ 

115 ! <u^3 jJ objlSvJl 
422 c277 c276 : ^LS>Jl 

c 286 c285 ! ^ x yaJl 

288 



288 . y^ 

7 64 . d*J 5 y} ^2y & J 
276 . ^JbpLL<>J! ^oj 

c 305 c 290 — 288 c 286 ! ^ 

755 c 752 

422 ! 

188 c 187 : JbU^-li JiUl 
603 ! 

665 ! ^JgA^xJl oL>->Jl jail ki 

622 ; Jj jJl jaUaJ 

648 ! 4-lg-gj 

! L ^d5\j <d2-^l jj old>cJl ^JJL 

914 

c g-yg-i 4_L?_^' j_j ^_dLw<>Jl oLd-pxJl ^JJL> 

914 : , 



c. 261 c 2 1 5 c 155 c 154 c57 c56 
1051 c 780 1 733 c556 
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1035 1 1034 ij 

512 : (2003) 

f-ljjJlj aJL5 jJI 

1 5 1 6 (.208 t46 (.39 : (FDA) 

805 

r _ r JL~J l\ 4-115 jJl 

843 : iJaJl 

37 ! 

516 ! ^JaJl a]\S j 

805 ! 4juJl 4 jL>j>- 

! (1997) 4j>c^»jjLwvw<>J I j 

511 



143 ! ^J-ul t oloj 




850 ; c 



889 : (> c uu* 

711 ! . ijJojjS L 5 j jA 

99 ! CjLo-jJjVI 4j 



4_^*>LwvJlj 4 _>c_v2_LJ 4_>j_5_x_lJ| 

36 : ( jxJ) 



^-1 ^ ' w\ ^ ' f - 1 

42 c41 : 



a_^p1 j jJl 4_> 4 J LulU 4JL^J! 

33 ! ( jJl!) A^L^aJij 



847 : 

- J - 



906 is^jJl 

371 

246 (. 173 c 172 ! d) ^ jjL^ 

198 c 197 ! j jJj j-> 
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iSb^jall iiuliajJl jiiul 




(*) 



1*1 L J I ill I 1-l.lCJl iSjlfcV UlaLJl fXt H A1 

tP-*> ylJl 

ftjlill ^1 

(jj-ill ilLjLSI |»a! jj-. tj^lj IjjjaJI 2*1 Sill ■*• . —T 

nil L* L Ijjiill iL^iLLLoj ^jLaJI 

> m iL r I j jJl ^1 j ^ n lj iujJiUI DNA i m il jiii Cj~* 

iiiilailUl {j-* jOJ ^Llj| iljjlikJlj 

t j»S*l1l (JA JljlVj .IjjjoJI CiljLkll |_y]^ ^ooJl |^» 1 I jiJ 

ciLjTSi jaIj iljijf i m iLiw^Lfc £jJL3 

.ajSgji jfLiii 

H if Jf jj iti 1 Sill j<u«l < jhC 

^Jtjj till «J( 

tjn UiVl £f jLxXl JJUU kliJjaJl ill Sill J|A 

1 1 Ji»l k^jLxIl ijjjf il«l*) jkjjj 

*3 J 4 it ! 4 ajVI |^4J .^LfUl gl i l l L^W loJjVl JjUI ,j-. 
1 il anil jl jit, 4 *11 ^Tj i i«tl I i i— >1 iC ll I j .^1 
4K«j ^Wll I j A L. >L^Li)l^Tj l|4jAliij 

.Jjil«41l 

i j4 aL .jlj 1 j4l»ll 43jl jjfcj jIm jtl 4 j1hL l_»Li£JI Jij 

L j—Lukii.VI I j_A y-*jL4_4j 

(j* 1 T.^-ilj ^4 *i^L il I ikLiiVL 

|4--i i. tJ- J 4 il l IjJ-JJfcJl i-jLi-Hl i Ll^l :£J-*U| J 

.2 JaIXI 2£Lt£l it 4 L 1 W — 

"1 .^Vl 2^j|H ^iV 2tt1l Aj 11 ^itn^dUi m+jim 

jLmIjI 2. J&12 j ikr .gjj^IJl 2. i-^jLUl ill nil IjjjjjVI 
ii«i^ll ^ ij^i y-j^)j Q~ '<3 ’"J iFEB ijjxcJl 2‘1 “ill 

~jjVj t ittlifc i(if 1 1 j] ;jLfkA ,1 i fi ^LkU 

Ltj.nLlj j ^4 4 2. FACS till j 1 1 nm * ij ij 4 iLJlji J 

^>LL jj«U 

l..liw >{i utj. Lj-afc,jJjJJj^ j I -JIL 

LlIjiJ Engenel C Pty 2 . > 2 jjIjI 

» { LjajJjoj) tfijfus j jy 

ijjjj^Jl L jifcjjjjjllj ijjj~.il til sill n ..si -t .-il n if 

.iiJ|Mi " JuuO ittL 




ujasa 




Vj^JI «j£)l Cr OJDJI V MI (*) 









•uji .1 
jU*j Ji^ai .2 

■i_,._.£- Jj --.,i i .3 

>un .4 

2jjj«J 1 Lain .5 
rll ijUill Ij iTil .6 

ctfi— 3»j oujjj^iyi .7 

OljeUlj .Uifl .8 

2MUI .9 

a«.iai.« ji**h .10 

UluX .11 





4®*>ilj 4||>AI1 JoUJI 
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